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Malignant nodules 
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Thyroid nodules: diagnostic approach 
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Thyroid scintigraphy: functional radiopharmaceuticals

[99mTc-pertechnetate, I-123]
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Thyroid radiopharmaceuticals

Function

Proliferation

Glucose consumption
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Thyrotoxicosis
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ETA 2006 Any solitary thyroid nodule (≥1 cm) should be submitted to cytology unless

proven to be hyperfunctioning.

ATA 2015 Since hyperfunctioning nodules rarely harbor malignancy, if one is found

that corresponds to the nodule in question, no cytologic evaluation is necessary.

AACE/AME/ETA 2010 Nodules that are hot on scintigraphy should be excluded from

FNA biopsy.

Thyroid scintigraphy and FNAC

Are all AFTNs associated to low-suppressed TSH values?

http://www.uzh.ch/


Luca Giovanella MD PhD                                                                                                       IIMSI – Clinic for Nuclear Medicine and Molecular Imaging

http://www.uzh.ch/


Luca Giovanella MD PhD                                                                                                       IIMSI – Clinic for Nuclear Medicine and Molecular Imaging

Treglia et al. Eur J Clin Invest 2015
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496 patients

▪ Thyroid nodule > 10 mm

▪ 45 with TSH <0.40 mUI/L 

▪ 406 with TSH 0.40-4.00 mUI/L

Thyroid scintigraphy

❑ 173 (38%) AFTN

▪ 36/45 (80%) with reduced TSH

▪ 137/406 (34%) with normal TSH

▪ AFTN-TSH   1.00 [<0.1-2.38] mUI/L

▪ nAFTN-TSH 1.60 [0.40-4.00] mUI/L
AUC 0.804 (CI: 0.761-0.842)]

▪ TSH 1.49 mIU/L [i.e., sensitivity 83%, specificity 83% , +PV 65%,

-PV 88%].

▪ TSH 2.38 mIU/L [i.e., sensitivity 100%, specificity 21%, +PV 40%

and -PV 100%].

Giovanella et al. Endocrine 2016
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ETA 2006 Any solitary thyroid nodule (≥1 cm) should be submitted to cytology unless

proven to be hyperfunctioning.

ATA 2015 Since hyperfunctioning nodules rarely harbor malignancy, if one is found

that corresponds to the nodule in question, no cytologic evaluation is necessary.

AACE/AME/ETA 2010 Nodules that are hot on scintigraphy should be excluded from

FNA biopsy.

Are all AFTNs ultrasonographically benign (benign or low risk TIRADS)? 

Thyroid scintigraphy and FNAC
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Risk Stratification of Thyroid Nodules Using the Thyroid Imaging Reporting and Data System (TIRADS): The Omission of Thyroid

Scintigraphy Increases the Rate of Falsely Suspected Lesions

Simone Schenke, Philipp Seifert, Michael Zimny, Thomas Winkens, Ina Binse and Rainer Görges

Journal of Nuclear Medicine March 2019, 60 (3) 342-347; DOI: https://doi.org/10.2967/jnumed.118.211912

615 hyperfunctioning thyroid nodule

▪ Patients 582 (f 442, m 140)

▪ Diameter 23.2 ± 10.0 mm)

US-Thyroid Imaging Reporting and Data System (TIRADS)

▪ 15.9% TIRADS ≤3

▪ 29.3% TIRADS 4A

▪ 29.3% TIRADS 4B

▪ 24.9% TIRADS 4C

▪ 0.10% TIRADS 5
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Thyroid Nodule

TSH

Scintigraphy

123I, 99mTc-pertechnetate

Non-AFTN MPUS

TIRADS

▪ Low-risk: follow-up

▪ High-risk: FNA

AFTN

≤ local treshold > local treshold 

▪ Work-up/treatment
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Proposal: adapt locally the TSH treshold for thyroid scintigraphy 
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Cytologically indeterminate thyroid nodules 
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Thyroid scintigraphy: proliferation imaging

[99mTc-sestaMIBI]
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Thyroid radiopharmaceuticals

Function

Proliferation

Glucose consumption
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Thyroid scintigraphy [99mTc-sestaMIBI]

99mTc-sestaMIBI99mTc-pertechnetate

Cytologically indeterminate thyroid nodules (Bethesda III-IV, Thy 3, TIR3)
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Sens Spec Acc PPV NPV + LHR

MIBI visual 62% 95% 87% 83% 88% 4.56
1.94-9.54

MIBI WOind 100% 96% 98% 88% 100% 12.35
8.76-21.45

Biomarkers 25% 94% 80% 57% 77% 1.74
0.94-4.78
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Washout index (WOInd) = [(delayed upt ratio/early upt ratio) × 100] - 100

t

Giovanella et al. EJNMMI 2014

Visual assessment

Thyroid scintigraphy [99mTc-sestaMIBI]
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Inclusion criteria

a. age ≥ 18 years,

b. hypofunctioning TN of at least 10 mm in maximum diameter,

c. EU-TIRADS risk class 4 (intermediate-risk) or 5 (high-risk) 

d. MIBI imaging 

and

-FNAC with indeterminate results (Bethesda classification III, IV, ICCRTC TIR 3A/B) with available 

histopathological results 

or

-FNAC with benign results (Bethesda classification II, ICCRTC TIR 2) with either histopathological

results or follow-up of at least 12 months without progression (not more than 3 mm growth in one 

diameter).

http://www.uzh.ch/
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12 centers

284 females (53.5 ± 13.3 years) and 74 males (53.2 ± 12.6 years; (p = 0.618) 

365 TNs (max  size median 25 mm (19/33 mm)

Benign, n = 297 benign

Malignant, n = 68 

http://www.uzh.ch/
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Early planar MIBI imaging results Late planar MIBI imaging results

Combined early/late planar MIBI imaging results

Early planar MIBI imaging results

A.No uptake early and late images
B.Uptake in early image, decreased in late image 
C.Early uptake, unchanged/increased in late image 

MIBI-SPECT
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Washout Index (cutoff -19%)
Area under Curve (AUC) = 0.980
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Thyroid positron-emission tomography

[18F-fluorodeoxyglucose, FDG]
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Thyroid PET/CT with 18FDG

Very high NPV (rule-out test)

PPV not satisfactory

Overlapping SUVmax
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Efficacy of [18F]FDG PET in Evaluation of Cytological indeterminate Thyroid

nodules prior to Surgery (EfFECTS)

Prospective, triple-blinded, randomised controlled multicentre trial performed in 15

hospitals in the Netherlands

Patients with Bethesda III or IV nodules were randomly assigned to an [18F]FDG-

PET/CT-driven group or diagnostic surgery group in a 2:1 ratio

[18F]FDG-PET/CT-driven group

▪ [18F]FDG-positive nodule scheduled diagnostic surgery.

▪ [18F]FDG-negative nodule: active surveillance (at least a follow-up US after 1

year).

Diagnostic surgery group

Scheduled surgery, in accordance with current (inter)national guidelines

http://www.uzh.ch/
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Patient management

▪ unbeneficial in 42% of patients in the [18F]FDG-PET/CT-driven group,

▪ unbeneficial in 83% of patients in the diagnostic surgery group (p < 0.001)

▪ [18F]FDG-PET/CT-driven management avoided 40% diagnostic surgeries for

benign nodules. No malignant or borderline tumours were observed in patients

under surveillance.

Conclusion

▪ [18F]FDG-PET/CT changes management, accurately and oncologically safely,

reducing futile surgeries by 40%
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Radiomics: a perspective
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Thyroid PET/CT with 18FDG: radiomic analysis

Thyroid Incidentalomas

Ceriani et al. Thyroid 2020
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Thyroid PET/CT with 18FDG: radiomic analysis

Bethesda III-IV nodules

Giovanella et al. Endocrine 2021

Bethesda + PET-radiomics = increased accuracy
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Giovanella et al. JM; 2021
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