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Scintigraphy in thyroid nodule work up in 2010

At which level of TSH?



Scintigraphy in thyroid nodule work up in 2016

3

ATA guidelines ACE/AACE/AME guidelines

Gharib Endocr Pract 2016Haugen et al., Thyroid 2016



Gharib Endocr Pract 2016Haugen et al., Thyroid 2016

Hyperfunctioning nodules and FNA
area of agreement over the time
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ATA guidelines ACE/AACE/AME guidelines

When detected, all groups AAE, ATA, BTA agree 
that functional nodules may be excluded from 
FNA biopsy testing



Cancer risk of hyperfunctioning nodules
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THE majority of thyroid 
nodules  
are iso or non functioning

Cancer risk of thyroid nodules ~ 5%  
Grani et al., JCEM 2020
Brito etal., Thyroid 2013
Gharib Endocr Pract 2016
Haugen et al., Thyroid 2016 

Assumed cancer risk ~ 0 % 

Rare (exact prevalence not known, higher in
iodine deficient areas)
Hyper/Autonomously functioning nodules (AFTN)
Pathogenesis: Somatic activating mutations 
of TSHR, GNAS (60-96%) Parma et al., JCEM 1997, 

Stephenson et al., Thyroid 2020



Work up of thyroid nodules in our era 
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Tools for nodule characterization 
• Ultrasound
• Fine needle aspiration (FNA)
• DNA Sequencing 

• Scintigraphy

Haugen et al., Thyroid 2016 

first line, ALWAYS recommended, guides FNA 

gold standard for cancer risk diagnosis BUT 15-20% 
indeterminate results 

in case of indeterminate cytology, 
either rule-in (BRAF, RET/PTC, PAX8/PPRγ) or rule-out
thyroid cancer 

the ONLY imaging test evaluating nodule function 
old technique, old glory, not really ‘in vogue’ nowadays



Background of this study
Relevance of scintigraphy 

In areas of past or present iodine deficiency is there a cut–off of TSH value 
that may successfully exclude the presence of an autonomously functioning 
thyroid nodule  (AFTN) ?

What is the ultrasonographic appearance of an autonomous nodule ? 

What are the possible consequences of performing a FNA cytology in an 
unsuspected /undiagnosed autonomous nodule ? 

Is the cancer risk within an autonomous nodule  really ~ 0% ? 



• Single center, prospective observational study March 2018-September 2021 
• 67 AFTN in 66 patients 
• Ultrasound (US) using European Thyroid Imaging and Reporting Data System 

(EU-TIRADS) for nodule classification, 99mTcO4- scintigraphy, additional 123I
scintigraphy if euthyroid, laboratory evaluation 
• Fine needle aspiration (FNA) cytology according to EU-TIRADS nodule score 

and size (score 3 and >2 cm, score 4 and >1.5 cm, score 5 and >1 cm), results 
according to Bethesda classification
• DNA obtained from FNA samples with Bethesda III-V results subjected to 

Next Generation Sequencing 

Data under submission 8

Study Design



Patient clinical characteristics

Data under submission 9

Clinical characteristics of N= 66 patients harbouring 67 AFTN
Sex (F/M) 55/11
Age (years) 56.3± 14.9
BMI 26.1± 4.2
Hypertension N= 26 (39.3%)
Diabetes mellitus N=9 (13.6%)
Current smoking N=13 (19.6%)
Personal history of non-active malignancy N= 3 (4.5%)

of cervical radiation N= 1 (1.5%)
Family history of thyroid disease N= 21 (31.8%)
TSH (mU/L) 0.41 (0.03-0.97)
Euthyroid patients (0.4£ TSH £ 4 mU/L) N= 34 (51.5%)
FT4 (pmol/L) (N=59) 14.6 (12.6-16.1)
FT3 (pmol/L) (N=31) 5.6 (4.9-7.4)
Anti-TPO Abs positive (N=53) N= 2 (3.8%)
Anti-Tg Abs positive (N=34) N= 1 (2.9%)
Thyroid gland US volume (cm3) 18.2 (14.5-26.2)
Females (N=55)
Goiter (> 16 cm3)

17.8 (14.2-24.5)
N= 35 (63.6%)

Males (N=11)
Goiter (> 20 cm3) 

19.6 (18-30.8)
N= 5 (45.5%)



Individual TSH  measurements

TSH levels in patients harboring AFTN
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N=15 would be missed
ACE/AACE/AME guidelines
TSH < 1 mU/L

Data under submission

Giovanella et al., Endocrine 2016 
Ianni et al. J endocrinol Invest 2013, Chami et al., EJE 2014, Treglia et al., JCI 2015

TSH threshold (2.38 mU/L) to rule out AFTN proposed by one team in iodine-deficient area

~ 50%

N=34 patients with normal TSHN=32 patients with subnormal TSH

N=3 would be missed
Giovanella et al.
TSH < 2.38 mU/L

Prospective observational study N= 67 AFTN > 1cm in 66 patients



AFTN ultrasonographic  appearance 

Data under submission
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Ultrasound characterization of N= 67 AFTN in 66 patients
AFTN US greatest dimension (mm) 27.0 (21.1-35.0)
AFTN US volume (cm3) 4.2 (2.4-8.0)
AFTN US localisation (right/left lobe) 43/24
AFTN as solitary nodule* N= 26 (39.4%)
AFTN US composition 

Solid N= 25 (37.3%)
Mixed (not entirely solid, cystic areas)
% of nodule surface corresponding to 

cystic areas 
< 10%                                                                        
³ 10, <50% 
³ 50%          

N= 42 (62.7%)

N= 12
N= 20
N= 10

AFTN vascularity type in US 
Type I
Type II
Type III 

N= 2 (2.9%)
N= 14 (20.9%)
N= 51 (76.1%)

* nodules < 5mm were 
considered as clinically 
non-significant and were 
not described in US 
protocol



AFTN US appearance according to EU-TIRADS
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N=58 (86.6%) had an 
indication of FNA 

according to EUTIRADS score and 
size 

Data under submission

Prospective observational study N= 67 AFTN > 1cm in 66 patients

Intermediate 
malignancy risk

N=34 patients with normal TSH N=32 patients with subnormal TSH



AFTN US and scintigraphy appearance
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99mTcO4-

123I

AFTN with normal TSH AFTN with subnormal TSH

99mTcO4-



Gharib Endocr Pract 2016Haugen et al., Thyroid 2016
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ATA guidelines ACE/AACE/AME guidelines

Undiagnosed AFTN with normal TSH 
will undergo FNA if US indication

Undiagnosed AFTN with TSH > 1 mU/L 
will undergo FNA if US indication

Is it TSH that changes the malignancy risk of AFTN ?? 
Scintigraphy to detect ONLY certain AFTN?

Cytological examination of AFTN 



Cytological examination of AFTN 
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FNA indication for 30 AFTN in patients with normal TSH FNA indication for 28 AFTN in patients with subnormal TSH

Data under submission

Prospective observational study N= 67 AFTN > 1cm in 66 patients

FNA performed in 17 AFTN  in patients with subnormal TSH
12 EU-TIRADS 4                     
5   EU-TIRADS 3 

FNA performed in 30 AFTN  in patients with normal TSH
20 EU-TIRADS 4                       
10 EU-TIRADS 3 



Cytologically indeterminate nodules 
Is scintigraphy relevant? 

ONLY ONE prospective study
Preoperative 123I scintigraphy of 84 nodules with cytologically indeterminate (Bethesda III-
IV) results and submitted to surgery, TSH<2 mUI/L, iodine sufficient area
123I detected N=21 (25%) AFTN, no cancer but 1 tumor of indeterminate malignancy
potential

Negative predictive value (NPV) of scintigraphy 
in this setting remains to be confirmed by other 
teams                                                  

Rosario et al., Nucl Med Commun 2018



Sequencing analysis of AFTN
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normal TSH subnormal TSH

Data under submission

Prospective observational study N= 67 AFTN > 1cm in 66 patients

Value of adding TSHR in gene panels for 
cytologically indeterminate nodules?                                                                 

N= 20      Bethesda III, IV, V         N=6 

N= 14 Next Generation Sequencing 
5 TSHR mutations found 
1 GNAS 
1 HRAS
7 negative

N= 6 Next Generation Sequencing
4 TSHR mutations found
2 negative

No BRAFV600E, RET/PTC, PAX8/PPARγ were detected  

50% positive for pathogenic mutations
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Cytologically indeterminate nodules 
Prevalence of TSHR?

Value of adding TSHR in gene panels  for 
cytologically indeterminate nodules?                                                                 

Are there TSHR mutations conferring 
higher cancer risk? Not studied

ONLY ONE retrospective study by Nikiforov group available 
703 consecutive FNA samples with indeterminate cytology
TSHR mutations detected in 4.4% (N=31)
At histology (N=16 out of 31 had surgery): 4 cancers
3 FTC with high allelic frequency of TSHR mutations, subnormal TSH
1 PTC with concomitant BRAF+ TSHR mutation Mon et al., Diagn Cytopathol 2017

Cost benefit of scintigraphy VS genetic testing 
in cytologically indeterminate nodules ?
Not studied 



Cancer risk of AFTN?

19

Cost benefit in populations without high 
prevalence of AFTN ?
NPV of scintigraphy in nodules with US-based 
FNA indication not studied 

What is the quality of evidence of AFTN 
cancer risk that we have?

If it is REALLY ~ 0%, (NPV ~100%)
why not carry out scintigraphy for every 
nodule with an US-based indication for 
FNA (gold standard, NPV of benign 
cytological diagnosis 96.3%) ? Haugen et al., Thyroid 2016

Bongiovanni et al., Acta Cytol 2012 

Assumed cancer risk ~ 0 % 



Cancer risk of AFTN?
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What is the quality of evidence of AFTN 
cancer risk that we have? 2 systematic reviews of case series

62 case reports published 1972- 2018
Mirfakhraee et al., Thyroid Res 2013
Lau et al., Thyroid Res 2021

Few evidence, not high quality 

In literature:

Malignancy risk is higher than expected 
(in the surprise of the authors, who recognize 
risk of bias) varies from 0-12.5%  ~ overall risk 
3.1%

In clinical endocrinology ‘culture’, real life practice: 

Malignant AFTN is extremely rare, almost anecdotic 

Where is the bias?

Retrospective
Exceptional cases are reported 
Inaccuracy about preoperative cancer size, functionality, 
localization (in or out of AFTN?)



Histology of surgically treated AFTN
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normal TSH subnormal TSH

Data under submission

N=4 had surgery 
ALL FNA preop (3 Bethesda II, 1 Bethesda IV)

No cancer in AFTN

1 NIFTP outside the AFTN, localized preoperatively
1 mPTC outside the AFTN, incidental 

N=8 had surgery 
N=6 FNA preop (1 Bethesda I, 3 Bethesda II, 1 
Bethesda IV, 1 Bethesda V)

No cancer in AFTN

3 mPTC outside the AFTN (2 incidental, 1 localized 
preoperatively)

Prospective observational study N= 67 AFTN > 1cm in 66 patients



Study Conclusions

Data under submission 22

67 AFTN in 66 patients 
• ~ 50% of  patients were euthyroid
• ~70% of AFTN presented intermediate malignancy risk at US 

according to EU-TIRADS, most were > 20mm, of mixed composition 
(solid and cystic), with vascularity type III (peripheral and central) 
and >80% of them had an indication for FNAC  
• ~ 50 % had indeterminate results (Bethesda III-IV) at cytology 
• No malignancy at cytology or histology



Is scintigraphy relevant in 
cancer risk stratification?   
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AFTN are benign entities Unnecessary diagnostic procedures should be avoided  

Target populations where 
prevalence of AFTN is high

Past or present iodine deficiency
TSH <1? <2? mU/L

Scintigraphy in nodules with 
an US-based (at least one 

suspicious feature)
FNA indication

Scintigraphy in cytologically 
indeterminate nodules 

requiring diagnostic surgery 

Could  
help to avoid FNA 

Could 
help to avoid surgery

Added value of TSHR, 
GNAS in gene panels?+/-



Is scintigraphy relevant in 
cancer risk stratification?   
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Are all AFTN benign entities ?? In this case further diagnostic investigations 
are warranted to properly assess their cancer risk

More accurately assess cancer risk 
of autonomously functioning 
VS
non functioning nodules 

Prospective studies 
Scintigraphy in nodules 

requiring diagnostic surgery 

Target populations where 
prevalence of AFTN is high

Past or present iodine deficiency
TSH <1? <2? mU/L



Thank you
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