
Thyroid nodule



Thyroid nodule
• A thyroid nodule is a discrete lesion within the thyroid gland that is 

radiologically distinct from the surrounding thyroid parenchyma.

• Nonpalpable nodules detected on US or other anatomic imaging studies are 
termed incidentally discovered nodules or ‘‘incidentalomas.’’ 

• Nonpalpable nodules have the same risk of malignancy as do 
sonographically confirmed palpable nodules of the same size.



Epidemiology

• The prevalence of thyroid nodules depends on the method of detection.

• By palpation, nodules are identified in approximately 5% to 10% of patients.

• The use of a sensitive imaging modality such as ultrasound (US), however, 
reveals nodular thyroid disease in as many as 34.2% of patients. (19%–68% of 
randomly selected individuals)



Thyroid nodule

• About 16 million of individuals in the United States are estimated to 
have a palpable nodule; up to 219 million have an ultrasound-
detectable nodule.

• The main goal should be the identification of nodules that are 
clinically relevant. 



Thyroid nodule

• These include the subgroup harboring a significant cancer (approximately 
10%)

• Those causing (or are at risk of causing) compressive symptoms (5%)

• Or thyroid dysfunction (5%).

• Approximately 90% of thyroid nodules are benign and 95% are asymptomatic 
and remain so during follow-up.



Thyroid nodule
• The reported prevalence is about 65% with ultrasonography

• 15% with  CT or MRI

• 1% to 2% with 18fluorodeoxyglucose positron emission tomography (PET).

• Nodules are solitary in about the half of the patients.

• The prevalence of thyroid nodules and the rate of multinodularity increase 
with age, female sex, and BMI.



[18F]FDG PET scan

• Focal 18FDG-PET uptake in the thyroid is incidentally detected in 1%–2% of 
patients

• Additional 2% of patients demonstrate diffuse thyroid uptake.

• Importantly, focal 18FDG-PET uptake increases malignancy risk in an affected 
nodule, and therefore clinical evaluation and FNA of nodules >1 cm is 
recommended. 

• 18FDG-PET positive thyroid nodules <1 cm that do not meet FNA criteria



[18F]FDG PET scan

RECOMMENDATION 5
(A) Focal 18FDG-PET) uptake within a sonographically confirmed thyroid 
nodule conveys an increased risk of thyroid cancer, and FNA is recommended 
for those nodules >1 cm.
(Strong recommendation, Moderate-quality evidence)

B) Diffuse 18FDG-PET uptake, in conjunction with sonographic and clinical 
evidence of chronic lymphocytic thyroiditis, does not require further imaging or 
FNA.
(Strong recommendation, Moderate-quality evidence)



[18F]FDG PET scan

• A recent meta-analysis confirmed that approximately one in three (35%) 
18FDG-PET positive thyroid nodules proved to be cancerous

• In contrast, diffuse thyroid uptake most often represents benign disease 
corresponding to inflammatory uptake in the setting of Hashimoto’s disease 
or other diffuse thyroidal illness.



Thyroid nodule

• Nodularity within the thyroid increases linearly with age. 

• Thyroid nodules are seen in 12.9% of those younger than 30 years

• 50% to 70% of those older than 70 years have one or more nodules

• The risk is further modified by gender, with women having a 3 to 4 times 
higher likelihood of nodularity than men.



Thyroid nodule
• With the discovery of a thyroid nodule, a complete history and physical 

examination focusing on the thyroid gland and adjacent cervical lymph 
nodes should be performed. 

• Pertinent physical findings suggesting possible malignancy include:
• Rapid nodule growth
• Hoarseness, vocal cord paralysis,  cervical lymphadenopathy, and  

fixation of the nodule to surrounding tissue.



Risk factors for malignancy

Risk factors for malignancy Include:
• Childhood irradiation (mainly head and neck and whole body radiation) 

• Exposure to ionizing radiation from fallout in childhood or adolescence

• Family history of thyroid cancer or hereditary syndromes that include thyroid 
cancer (eg, MEN syndrome type 2, familial adenomatous polyposis) 

• Rapid nodule growth

• Hoarseness











[A3] What is the appropriate laboratory and imaging
evaluation for patients with clinically or incidentally
discovered thyroid nodules?

RECOMMENDATION 2
• (A) Serum TSH should be measured during the initial evaluation of a patient 

with a thyroid nodule. (Strong recommendation, Moderate-quality evidence)

• (B) If the serum TSH is subnormal, a radionuclide (preferably 123I) thyroid 
scan should be performed. (Strong recommendation, Moderate-quality evidence)



[A3] What is the appropriate laboratory and imaging
evaluation for patients with clinically or incidentally
discovered thyroid nodules?

RECOMMENDATION 2
• (C) If the serum TSH is normal or elevated, a radionuclide scan should 

not be performed as the initial imaging evaluation.
(Strong recommendation, Moderate-quality evidence)



Thyroid nodule
• With the discovery of a thyroid nodule >1 cm in any diameter, a serum TSH 

level should be obtained. 
• If the serum TSH is subnormal, a radionuclide thyroid scan should be 

obtained to document whether the nodule is hyperfunctioning (hot), warm 
or cold.

• Since hyperfunctioning nodules rarely harbor malignancy, if one is found 
that corresponds to the nodule in question, no cytologic evaluation is 
necessary



Thyroid nodule
• Pertinent historical factors predicting malignancy include:
• History of childhood head and neck radiation therapy
• total body radiation for bone marrow transplantation (42) 
• exposure to ionizing radiation from fallout in childhood or adolescence 

(43)
• familial thyroid carcinoma, or thyroid cancer syndrome (e.g., PTEN 

hamartoma tumor syndrome [Cowden’s disease], FAP, Carney complex, 
Werner syndrome/progeria

• MEN 2, a risk for medullary thyroid cancer [MTC]) in a first degree 
relative, 



[A5] Serum thyroglobulin measurement

RECOMMENDATION 3
• Routine measurement of serum thyroglobulin (Tg) for initial 

evaluation of thyroid nodules is not recommended.
(Strong recommendation, Moderate-quality evidence)

• Serum Tg levels can be elevated in most thyroid diseases and are an 
insensitive and nonspecific test for thyroid cancer



[A6] Serum calcitonin measurement

RECOMMENDATION 4
• The panel cannot recommend either for or against routine measurement 

of serum calcitonin in patients with thyroid nodules.
(No recommendation, Insufficient evidence)



[A7] [18F]FDG PET scan

RECOMMENDATION 5
(A) Focal 18FDG-PET) uptake within a sonographically confirmed thyroid 
nodule conveys an increased risk of thyroid cancer, and FNA is recommended 
for those nodules >1 cm.
(Strong recommendation, Moderate-quality evidence)

B) Diffuse 18FDG-PET uptake, in conjunction with sonographic and clinical 
evidence of chronic lymphocytic thyroiditis, does not require further imaging or 
FNA.
(Strong recommendation, Moderate-quality evidence)



[18F]FDG PET scan

• Focal 18FDG-PET uptake in the thyroid is incidentally detected in 1%–2% of 
patients

• additional 2% of patients demonstrate diffuse thyroid uptake (60–62).

• Importantly, focal 18FDG-PET uptake increases malignancy risk in an affected 
nodule, and therefore clinical evaluation and FNA of nodules >1 cm is 
recommended. 

• 18FDG-PET positive thyroid nodules <1 cm that do not meet FNA criteria



[18F]FDG PET scan

• A recent meta-analysis confirmed that approximately one in three (35%) 
18FDG-PET positive thyroid nodules proved to be cancerous

• In contrast, diffuse thyroid uptake most often represents benign disease 
corresponding to inflammatory uptake in the setting of Hashimoto’s disease 
or other diffuse thyroidal illness.



[A8] Thyroid sonography

RECOMMENDATION 6
• Thyroid sonography with survey of the cervical lymph nodes should be 

performed in all patients with known or suspected thyroid nodules. (Strong 
recommendation, High-quality evidence)



[A9] US for FNA decision-making

RECOMMENDATION 7
• FNA is the procedure of choice in the evaluation of thyroid nodules, when 

clinically indicated. (Strong recommendation, High-quality evidence)

• FNA is the most accurate and cost-effective method for evaluating thyroid 
nodules.



[A10] Recommendations for diagnostic FNA of a 
thyroid nodule based on sonographic pattern

RECOMMENDATION 8
I = Thyroid nodule diagnostic FNA is recommended for:
• (A) Nodules >1 cm in greatest dimension with high suspicion sonographic

pattern.
(Strong recommendation, Moderate-quality evidence)

• (B) Nodules >1 cm in greatest dimension with intermediate suspicion 
sonographic pattern. (Strong recommendation, Low-quality evidence)

• (C) Nodules >1.5 cm in greatest dimension with low suspicion sonographic
pattern. (Weak recommendation, Low-quality evidence)



Recommendations for diagnostic FNA of a 
thyroid nodule based on sonographic pattern

II. Thyroid nodule diagnostic FNA may be considered for:
• (D) Nodules >2 cm in greatest dimension with very low suspicion 

sonographic pattern (e.g., spongiform). Observation without FNA is also 
a reasonable option.

(Weak recommendation, Moderate-quality evidence)



Recommendations for diagnostic FNA of a 
thyroid nodule based on sonographic pattern

• III. Thyroid nodule diagnostic FNA is not required for

• (E) Nodules that do not meet the above criteria.
(Strong recommendation, Moderate-quality evidence)

• (F) Nodules that are purely cystic.
(Strong recommendation, Moderate-quality evidence)





Thyroid sonography







High suspicion (malignancy risk >70%–90%)

a solid hypoechoic nodule or a solid hypoechoic component in a 
partially cystic nodule with one or more of the following features:
Irregular margins (specifically defined as infiltrative, microlobulated, or 

spiculated)
Microcalcifications
Taller than wide shape 
Disrupted rim calcifications with small extrusive hypoechoic soft tissue 
component
Evidence of extrathyroidal extension (Fig. 2, Table 6)



High suspicion (malignancy risk >70%–90%)

• A nodule demonstrating this US pattern is highly likely to be a PTC. 

• Nodules with the high suspicion pattern and measuring >1 cm should 
undergo diagnostic fine-needle biopsy to refute or confirm 
malignancy.



High suspicion (malignancy risk >70%–90%)

• However, in the absence of evidence of extrathyroidal extension, 
metastatic cervical lymph nodes, or distant metastases, micropapillary
thyroid cancers (<1 cm) often have an indolent course, but this may 
depend upon patient age (95).



High suspicion (malignancy risk >70%–90%)

• Thus although a sonographically suspicious subcentimeter thyroid 
nodule without evidence of extrathyroidal extension or 
sonographically suspicious lymph nodes may be observed with close 
sonographic follow-up of the nodule and cervical lymph nodes, rather 
than pursuing immediate FNA, patient age and preference may modify 
decision-making (95).



Intermediate suspicion (malignancy risk 
10%–20%)
Intermediate suspicion of malignancy is attached to a hypoechoic solid 
nodule with a smooth regular margin, but without microcalcifications, 
extrathyroidal extension, or taller than wide shape (Fig. 2, Table 6). 

• This appearance has the highest sensitivity (60%–80%) for PTC, but a 
lower specificity than the preceding high suspicion pattern, and fine-
needle biopsy should be considered for these nodules >1 cm to refute 
malignancy



Low suspicion (malignancy risk 5%–10%)

• Isoechoic or hyperechoic solid nodule, or partially cystic nodule with 
eccentric uniformly solid areas without microcalcifications, irregular 
margin or extrathyroidal extension, or taller than wide shape prompts 
low suspicion for malignancy (Fig. 2, Table 6).



Low suspicion (malignancy risk 5%–10%)

• Only about 15%–20% of thyroid cancers are iso- or hyperechoic on US, and 
these are generally the follicular variant of PTC or FTCs (71). 

• Fewer than 20% of these nodules are partially cystic. 

• Therefore, these appearances are associated with a lower probability of 
malignancy and observation may be warranted until the size is >1.5 cm.



Very low suspicion (<3%)

• Spongiform or partially cystic nodules without any of the sonographic
features described in the low, intermediate, or high suspicion patterns 
have a low risk of malignancy (<3%). 

• If FNA is performed, the nodule should be at least 2 cm. 

• Observation without FNA may also be considered for nodules >2 cm 
(Fig. 2, Table 6).



Benign (<1%)

• Purely cystic nodules are very unlikely to be malignant, and fine-
needle biopsy is not indicated for diagnostic purposes (Fig. 2, Table 6).

• Aspiration with or without ethanol ablation may be considered as a 
therapeutic intervention if a cyst is large and symptomatic; cytology 
should be performed if aspiration is done.



Ultrasound cervical LN

• Sonographic evaluation of the anterior cervical lymph node 
compartments (central and lateral) should be performed whenever 
thyroid nodules are detected. 

• If US detects cervical lymph nodes that are sonographically suspicious 
for thyroid cancer, FNA of the suspicious lymph node should be 
performed for cytology and washout for Tg measurement if indicated.



Ultrasound features of LN



Management recommendation











[A11] What is the role of FNA, cytology interpretation, and molecular 
testing in patients with thyroid nodules?

RECOMMENDATION 9
• Thyroid nodule FNA cytology should be reported using diagnostic 

groups outlined in the Bethesda System for Reporting Thyroid 
Cytopathology.

(Strong recommendation, Moderate-quality evidence)







[A12] Nondiagnostic cytology
RECOMMENDATION 10
• (A) For a nodule with an initial nondiagnostic cytology result, FNA should 

be repeated with US guidance and, if available, on-site cytologic
evaluation

(Strong recommendation, Moderate-quality evidence)

• (B) Repeatedly nondiagnostic nodules without a high suspicion 
sonographic pattern require close observation or surgical excision for 
histopathologic diagnosis

(Weak recommendation, Low-quality evidence)



[A12] Nondiagnostic cytology
RECOMMENDATION 10
• (C) Surgery should be considered for histopathologic diagnosis if the 

cytologically nondiagnostic nodule has 
• a high suspicion sonographic pattern
• growth of the nodule (>20% in two dimensions) is detected during US 

surveillance
• clinical risk factors for malignancy are present
(Weak recommendation, Low-quality evidence)



[A12] Nondiagnostic cytology

• Of 104 nodules with two nondiagnostic cytology results, thyroid 
cancer was found in 25% of those with microcalcifications, irregular 
margins, a taller than wide shape, or hypoechogenicity, but in only 4% 
lacking these features (118).



[A13] Benign cytology

RECOMMENDATION 11
• If the nodule is benign on cytology, further immediate diagnostic 

studies or treatment are not required
(Strong recommendation, High-quality evidence)



[A14] Malignant cytology

RECOMMENDATION 12
• If a cytology result is diagnostic for primary thyroid malignancy, 

surgery is generally recommended.
(Strong recommendation, Moderate-quality evidence)











Molecular Testing

• Molecular testing of fine-needle aspiration biopsy specimens has 
gained acceptance in the United States as a popular and potentially 
practice-changing approach to diagnosing indeterminate thyroid 
nodules



Molecular Testing

• Mutations occur principally in genes coding for proteins in the 
mitogen-activated protein kinase (MAPK or MAP kinase) pathway 
that regulates cellular proliferation and differentiation.

• A mutation in the BRAF gene (V600E) is found in approximately 40% 
of papillary thyroid cancers, as well as in some poorly differentiated 
(33%) and anaplastic cancers (45%) that likely arise from papillary 
cancers.54



Molecular Testing

• Mutations in the RAS gene family are found in some papillary 
cancers (13%, generally the encapsulated follicular variant) 

• follicular thyroid cancers (40%-50%)
• benign follicular adenomas (20%-40%)
• As well as in NIFTP (30%).



Molecular Testing

• Fusion genes, hybrid genes formed from 2 previously separate 
genes—in which the RET gene that codes for a cell surface receptor 
protein not normally expressed by thyroid follicular cells is fused with 
a second unrelated gene, called a RET/PTC oncogene—has been 
associated with radiation-related papillary thyroid cancers.



Molecular Testing

• Another fusion gene between the gene coding for the thyroid 
transcription factor PAX8 and the peroxisome proliferator-activated 
receptor, gamma isoform (PPARG) gene (PAX8/PPARG) is seen in 
some follicular thyroid cancers (30%-35%), the follicular variant of 
papillary thyroid cancer (38%), and in some follicular adenomas (2%-
13%).



Molecular Testing

• Mutations in the telomerase reverse transcriptase (TERT) and TP53 tumor 
suppressor genes have also been observed in some thyroid cancers. 

• TERT has been reported in less than 10% of papillary thyroid cancer and 
more than 70% of anaplastic thyroid cancer

• TP53, in less than 1% of papillary thyroid cancer and more than 70%of 
anaplastic thyroid cancer.53



Molecular Testing

• The 2 most common molecular testing strategies are mutational analysis and 
gene expression analysis, in which genetic information can be derived from 
the same material obtained in the original fine-needle aspiration biopsy 
sample. 

• Mutational analysis involves isolating DNA from thyroid follicular cells in 
the specimen and performing gene sequencing, focusing on possible 
mutations in BRAF, RAS, TERT, TP53, and other relevant genes, as well for 
the presence of fusion genes.



Molecular Testing

• Such mutational testing has been termed a rule in test because if a BRAF, 
TERT, or TP53 mutation is found or if a fusion gene is detected, thyroid 
cancer is almost always present. 

• However, while mutations in RAS genes (HRAS, KRAS, NRAS) are present 
in thyroid cancers, they are also present in nonmalignant thyroid neoplasms 
and in NIFTP, and are therefore less specific



Molecular Testing

• Furthermore, if no mutations are found, a thyroid malignancy with a mutation 
that was not assessed could still be present (≈ 4%); therefore, mutational 
testing may lead to both false-negative and false-positive results, especially if 
RAS mutations are found.



Molecular Testing

• In a single-institution study involving 239 patients with Bethesda category 3 
or 4 cytology, the mutational testing strategy (ThyroSeq v2) yielded a 
negative predictive value when a mutation was not found of about 96% and a 
positive predictive value of approximately 80%.57

• In a second single-institution study involving 182 patients with 190 Bethesda 
category 3 and 4 cytologies, the negative predictive value was 91% (95% CI, 
82%-97%) and the positive predictive value was 42% (95% CI, 25%-61%).



Molecular Testing

• BRAF- and RAS-mutation status may provide information beyond 
diagnosis:

• BRAF-positive malignant nodules are frequently present in malignant 
or suspicious Bethesda cytology categories and frequently show 
suspicious sonographic and advanced histological features,

• while RAS-positive malignancies are more difficult to identify by 
sonography, more commonly reported in lower risk, indeterminate 
cytology categories, and usually have an indolent behavior.59



Molecular Testing

• The second type of molecular testing, gene expression analysis or gene 
expression classifier (GEC), uses a proprietary algorithm to analyze 
the expression of specific genes in a 142-gene panel. 

• Nodules are classified as benign or suspicious rather than as 
malignant. 

• The test is designed to identify nodules that do not require surgery. In 
the original multi-institutional validation study, a benign Afirma test 
had a negative predictive value of approximately 95%



Molecular Testing

• In a pooled analysis of 12 studies involving 1303 nodules, the negative 
predictive value was 92% (95% CI, 87%- 96%) and the malignancy 
prevalence of 31% (95% CI, 29%-34%).

• The GEC has a low positive predictive value (range, 13%-23%) in the 
context of a suspicious GEC result when NIFTP is factored in.



Molecular Testing

• MicroRNA analysis is a more recent method for molecular testing for 
which there are limited data but may prove to be useful in diagnostic 
decision making. 

• Future refinement in molecular testing strategies is expected, with 
improved diagnostic performance



Molecular Testing

• Molecular testing is expensive, costing from between $3000 and $5000 per 
test in 2015, depending on the specific testing strategy. 

• Several studies suggested that molecular testing using the GEC is cost-
effective, primarily because of a decrease in the number of diagnostic 
surgeries and their associated complications when the test results are 
negative. 



Molecular Testing

• However, most of these analyses are based on simulation modeling rather 
than on actual patient data, and the results vary depending on the test 
performance parameters, malignancy rates in the patient population, 
anticipated surgical procedure, surgical complication rates, health care 
setting, and other factors.





Four Possible Clinical Outcomes

Tuttle. Thyroid 2010 Vaisman. Clin Endo 2012 Vaisman. Thyroid 2011

Excellent Response
No clinical, biochemical, or structural evidence of disease

Biochemical Incomplete Response
Persistent abnormal thyroglobulin values in the absence of localizable disease

Structural Incomplete Response
Persistent or newly identified loco-regional or distant metastases

Indeterminate Response (Acceptable)
Non-specific biochemical or structural findings which cannot be confidently  classified 

as either benign or malignant
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