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Context:  Approximately 60% of adults harbor 1 or more thyroid nodules. The possibility of 
cancer is the overriding concern, but only about 5% prove to be malignant. The widespread 
use of diagnostic imaging and improved access to health care favor the discovery of small, 
subclinical nodules and small papillary cancers. Overdiagnosis and overtreatment is associated 
with potentially excessive costs and nonnegligible morbidity for patients.

Evidence Acquisition:  We conducted a PubMed search for the recent English-language articles 
dealing with thyroid nodule management.

Evidence Synthesis:  The initial assessment includes an evaluation of clinical risk factors and 
sonographic examination of the neck. Sonographic risk-stratification systems (e.g., Thyroid 
Imaging Reporting and Data Systems) can be used to estimate the risk of malignancy and the 
need for biopsy based on nodule features and size. When cytology findings are indeterminate, 
molecular analysis of the aspirate may obviate the need for diagnostic surgery. Many nodules 
will not require biopsy. These nodules and those that are cytologically benign can be managed 
with long-term follow-up alone. If malignancy is suspected, options include surgery (increasingly 
less extensive), active surveillance or, in selected cases, minimally invasive techniques.

Conclusion:  Thyroid nodule evaluation is no longer a 1-size-fits-all proposition. For most 
nodules, the likelihood of malignancy can be confidently estimated without resorting to 
cytology or molecular testing, and low-frequency surveillance is sufficient for most patients. 
When there are multiple options for diagnosis and/or treatment, they should be discussed 
with patients as frankly as possible to identify an approach that best meets their needs. (J Clin 
Endocrinol Metab 105: 2869–2883, 2020)
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The prevalence of thyroid nodules in the general 
population is high—up to 60% as documented by 

high-resolution ultrasonography—but very few of these 
lesions ultimately prove to be malignant (about 5%) (1). 

Although epidemiological studies suggest a small but 
real increase in the incidence of thyroid cancer, likely 
stemming from exposure to environmental risk factors 
(2), the growing number of thyroid cancer diagnoses 
is largely attributable to the increasingly widespread 
use of diagnostic imaging technology and medical sur-
veillance, together with improved access to health care 
in general, all of which favor the discovery of small, 

Abbreviations:  ACR, American College of Radiology; BSRTC, Bethesda System for Re-
porting Thyroid Cytopathology; FNAB, fine-needle aspiration biopsy; GSC, Genomic 
Sequencing Classifier; PTC, papillary thyroid cancer; TIRADS, Thyroid Imaging Reporting 
and Data System; US, ultrasonography.
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subclinical thyroid nodules and small papillary thyroid 
cancers. These considerations have raised concern over 
the costs and potential morbidity associated with the 
short- and long-term management of patients with thy-
roid nodules, which includes periodic outpatient visits 
and cervical ultrasound examinations, fine-needle aspir-
ation biopsy (FNAB), genomic testing, and, in some in-
determinate cases, diagnostic thyroid lobectomy. On the 
whole, there is a clearly perceived need for a more re-
fined, tailored, and careful approach to the management 
of these highly prevalent lesions. Similar considerations 
can be extended to that amount of nodules that are 
proven to be malignant, but have a low-risk phenotype, 
and can be safely managed through more conservative 
surgery or even active surveillance programs (3, 4). The 
aim of this review is to provide an overview of currently 
recommended practices for the initial workup and sub-
sequent management of patients with thyroid nodules.

Search strategy
We conducted a search of PubMed using the fol-

lowing terms: “thyroid nodule”[tiab] AND (“disease 
management”[MeSH Terms] OR (“disease”[All 
Fields] AND “management”[All Fields]) OR “disease 
management”[All Fields]) AND ((“2017/01/01”[PDAT]: 
“2020/12/31”[PDAT]) AND English[lang]). From the 
215 records returned, we selected the articles that were 
most relevant, with a preference for more recent pub-
lications. We scanned the reference lists of the papers 
identified to find other relevant articles.

Primum non nocere
Clinicians encountering patients with thyroid nodules 

today are faced with the task of avoiding the overdiagnosis 
of low-risk cancers without jeopardizing the chances of 
identifying those rare advanced or higher risk tumors that 
will require prompt treatment. Overdiagnosis implies the 
discovery of conditions that will never cause morbidity 
or death. As such, their identification can trigger a cas-
cade of deleterious events: people are transformed into 
patients, with inevitable emotional consequences and po-
tential exposure to risks related to overmedicalization and 
overtreatment. At the public health level, overdiagnosis 
overstretches the capacities of health systems, increases 
spending, and subtracts resources from patients with the 
greatest health care needs. It is little wonder that the U.S. 
Preventive Services Task Force now recommends against 
thyroid cancer screening in asymptomatic adults, because 
its harmful effects outweigh its potential benefits (5). The 
recommendation against screening does not apply to pa-
tients with known risk factors for thyroid cancer (e.g., 
childhood radiation exposure in the form of radioactive 
fallout or radiotherapy, including low-dose forms for 

benign conditions; inherited syndromes associated with 
thyroid cancer; a family history of thyroid cancer), but 
even in these cases, the benefits of early detection have 
yet to be demonstrated (6). So, the implementation of 
sonographic screening programs for thyroid nodules is 
discouraged.

Initial assessment
The initial assessment of a clinically evident or in-

cidentally discovered thyroid nodule includes cervical 
sonography and evaluation of clinical risk factors. 
Depending on the results that emerge, the use of other 
diagnostic tools, such as FNAB for cytology and mo-
lecular testing, will be indicated for a small subset of 
the lesions.

Thyroid ultrasound and sonographic risk-
stratification systems

Thyroid ultrasonography (US) is the first-line tool 
for thyroid imaging. The thyroid gland is superficial in 
the neck, with the posterior border usually located less 
than 4 cm below the skin surface. High-resolution linear 
probes provide excellent image definition of the gland. 
The examination is safe and painless, requires no prep-
aration, and can be performed rapidly in different care 
settings. To characterize thyroid nodules and obtain an 
initial estimate of their risk for malignancy, the exam-
iner should focus on the echogenicity of the nodule; its 
composition (solid, cystic, mixed), shape, and margins; 
the presence within the nodule of calcifications or other 
hyperechoic foci; and the characteristics of all cervical 
lymph nodes (7). Findings consistently associated with ma-
lignancy include hypoechogenicity; infiltrative, irregular, 
or lobulated margins; intranodular microcalcifications; 
and a taller-than-wide shape. In addition to the nodule 
itself, all US studies must include a thorough exploration 
of all cervical lymph node compartments, and the pres-
ence of any suspicious lymph nodes should be noted (8). 
The diagnostic sensitivity and specificity of these features 
vary, and no single feature has proved capable of reliably 
distinguishing malignant lesions from those that are be-
nign (9). In addition, recognition and reporting of these 
features are characterized by substantial interobserver 
and even intraobserver variability (10).

To address these shortcomings, several national 
and international professional organizations have de-
veloped US-based risk-stratification systems (often 
referred to as Thyroid Imaging Reporting and Data 
System or TIRADS, terms derived from those used for 
breast cancer imaging) that assign thyroid nodules to 
categories characterized by increasing risks (or risk 
ranges) for cancer, based on the presence or absence of 
the above-mentioned nodule features (Table 1) (11-15).
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Within each risk class, size cutoffs are used to identify 
lesions whose FNAB can safely be deferred. Avoiding un-
necessary FNABs is an important goal. Aside from cost 
considerations, these procedures can be associated with 
complications, albeit minor and transient (e.g., mild 
bruising, soreness, swelling, neck discomfort) (16). More 
important, inconclusive cytology results are by no means 
rare, and they often lead to additional testing (frequently 
quite expensive) and/or diagnostic surgery, undertaken 
for the purpose of confirming that the nodule is indeed 
benign. The accuracy of the risk estimates generated by 
the systems shown in Table  1 has in some cases been 
validated in retrospective (17-20) and/or prospective 
studies (21-23), and their performance has also been 
confirmed by a recent meta-analysis (24). These classi-
fications also guide the timing of subsequent long-term 
follow-up evaluations and the eligibility of suspicious 
nodules for management limited to active surveillance.

As shown in Table 1, the nodule aspects considered 
in in the risk-estimation process are fundamentally the 
same with all these systems—structural composition, 
echogenicity, shape, margins, and echogenic foci—and 
risk classes are defined by sets or clusters of 2 or more 
nodule features (11). The exception to the latter rule 
is the American College of Radiology (ACR) TIRADS. 
With this system, the same key aspects of the nodule 
are assessed individually. Each is rated with a numerical 
score, and the sum of the 5 scores determines the risk 
class to which the nodule is assigned.

There is some degree of heterogeneity across sys-
tems in terms of the definitions of certain nodule 
features, the relative weight assigned to individual 
features, and the size criteria used for FNAB re-
commendations. Substantial variability has also 
been observed in the different systems’ ability to 
decrease the number of unnecessary FNABs. In 1 
recent prospective analysis (21), the ACR TIRADS 
outperformed the 4 other widely used systems tested 
in reducing the number of biopsies performed on 
nodules ultimately diagnosed as benign: more than 
one-half of the biopsies would have been classified by 
the ACR system as deferrable, with a false-negative 
rate of only 2.2%. Although developed mainly for 
detection of papillary thyroid cancers (PTCs), the 
sonographic risk-stratification systems also seem to 
provide reliable recommendations for FNAB of fol-
licular thyroid cancers (25), medullary thyroid can-
cers (26), and metastases to the thyroid gland (27).

Most physicians in the United States (28), Spain (29), 
and Italy (30) report using TIRADS or similar classi-
fications when performing thyroid ultrasonography. 
However, most US reports in routine practice provide 
insufficient data for risk stratification (31). The optimal 

effectiveness of these systems in the real-world clinical 
practice also depends on the adoption of uniform ter-
minology and accurate, nonambiguous definitions of the 
features being assessed. For these reasons, the European 
Thyroid Association (14), the Korean Society of Thyroid 
Radiology (15), and the ACR (32) have developed spe-
cific lexicons to be used with their risk-assessment 
systems. The definitions of certain critical nodule descrip-
tors, such as echogenicity (33), shape (34), hyperechoic 
foci (35), and extrathyroidal extension (36), can signifi-
cantly impact the diagnostic performance of thyroid 
US. As a result, interobserver agreement for US-based 
risk-stratification systems remains only fair to moderate 
(kappa, 0.34-0.44) (10). Specific training involving joint 
evaluation of images can be useful to increase operators’ 
ability to recognize these features, thereby improving 
the reproducibility for all classifications, even among 
trained clinicians with similar levels of experience (37, 
38). To address this problem, the International Thyroid 
Nodule Ultrasound Working Group, a multidisciplinary 
alliance of physicians with expertise in thyroid nodule 
sonography, is attempting to devise a unified, inter-
national set of guidelines that is based on a validated 
lexicon and incorporates state-of-the-art techniques and 
research data (39). Standard B-mode US examinations 
can also be expanded to include elastographic (strain or 
shear-wave techniques) analysis (40) of the stiffness of 
the nodular tissue and contrast-enhanced assessments of 
its perfusion and vascularity (41). Both approaches have 
produced promising results and their use for US-based 
risk-stratification has been proposed (40, 41). Thus far, 
however, adoption of these proposals has been limited 
owing to availability and reproducibility issues. Other 
novel approaches include the use of software applica-
tions capable of performing automated analysis for ex-
tracting quantitative parameters from US images. These 
tools may be the basis for computer-aided diagnosis sys-
tems that can generate an automated “second opinion.” 
Some findings suggest that machine learning approaches 
are as accurate (42) or even more accurate (43) than 
expert radiologists in discriminating between malignant 
and benign thyroid nodules.

Clinical risk factors
The prevalence of thyroid nodules increases with age, 

and most are detected in individuals older than 40 years 
of age. In addition to the sonographic appearance of 
the nodule, other factors have to be considered when 
deciding whether or not FNAB should be performed. 
Some are thought to be predictive of nodule develop-
ment or malignancy (e.g., serum levels of TSH, autoanti-
bodies, obesity), but the evidence for these associations 
is currently inconclusive. TSH should nonetheless be 
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measured in all patients to rule out the possibility of a 
hyperfunctioning nodule. The latter lesions do not re-
quire biopsy because they are virtually always benign.

Recognized risk factors for thyroid malignancy are 
medical irradiation during childhood (44), accidental 
exposure to ionizing radiation from fallout in child-
hood or adolescence (45, 46), a family history of thyroid 
cancer, or hereditary syndromes that include a predispos-
ition to thyroid cancer (e.g., PTEN hamartoma tumor 
syndrome, Carney complex, Werner syndrome) (13). 
Nodules that are firm, fixed, or rapidly growing require 
prompt evaluation (47). Recently, the intraglandular lo-
cation of the nodule has also been confirmed to be an 
independent risk factor for malignancy. Nodules arising 
in the isthmus are the most likely to be diagnosed as 
cancer, whereas those found in the lower third of a lobe 
carry the lowest risk (48), as compared with those in the 
middle (49) or upper pole of the lobe (50).

These factors are typically not considered in risk 
stratification algorithms, but may influence the course 
of action in shared decision-making with patients (39).

Cytology and molecular testing
Fine-needle aspiration cytology is the next step in 

the triage of a thyroid nodule. It should be reserved for 
lesions found to be sufficiently suspicious on the basis 
of US and clinical findings. The results play a key role 
in optimizing subsequent management. The Bethesda 
System for Reporting Thyroid Cytopathology (BSRTC) 
was discussed in 2007 by a panel of experts at the U.S. 
National Institutes of Health in Bethesda, MD. The first 
edition of the system was published in 2010, and an 
updated version followed in 2018 (51). The BSRTC is 
widely used in the United States, and it has served as 
a model for similar tiered classification schemes devel-
oped more recently in other parts of the world (52).

The robust diagnostic framework provided by the 
BSRTC offers valuable guidance in developing man-
agement strategies for patients with thyroid nodules 
(53). Nonetheless, several potential diagnostic pitfalls 
exist that can lead to false-positive, false-negative, 
nondiagnostic, or indeterminate results (54). Cytology 
itself has limitations: it cannot, for example, distinguish 
between follicular-patterned hyperplastic/adenomatoid 
nodules, follicular adenomas, follicular carcinoma, and 
some cases of follicular variants of papillary thyroid 
carcinoma. Thyroid cytology can be considered only 
a screening test for these follicular-patterned lesions, 
the results of which will almost invariably reported as 
“indeterminate,” that is, assigned to Bethesda class  III 
(“atypia of undetermined significance” or “follicular le-
sions of undetermined significance”) or IV (“follicular 

neoplasm or suspicious for a follicular [or Hürthle cell] 
neoplasm”). For most papillary thyroid cancers, as well 
as medullary, poorly differentiated, and undifferentiated 
carcinomas, the cytology report will usually be unam-
biguously diagnostic (Bethesda class  VI, malignant), 
whereas some degree of uncertainty persists for nodules 
assigned to Bethesda class V (suspicious for malignancy) 
nodules, which is associated with a very broad range of 
malignancy risks (53).

What to do with indeterminate results?
As noted, the term “indeterminate cytology” re-

fers to Bethesda class  III or class  IV findings, which 
are associated with expected malignancy rates of 10% 
to 30% and 25% to 40%, respectively. The options 
suggested for identifying these nodules includes re-
peat FNAB for cytology and/or molecular testing and 
diagnostic lobectomy. Some data suggest that a repeat 
US risk stratification can be useful in predicting ma-
lignancy and in planning further steps for the man-
agement of indeterminate nodules (55-58), or at least 
those in Bethesda class III (59, 60). However, if nodules 
are properly selected beforehand, and the pretest risk 
of malignancy is high, the utility of this approach may 
be reduced (61, 62).

Cytological assessment of a second fine needle as-
pirate is commonly used, but it provides a definitive 
diagnosis for only 40% of class I (nondiagnostic) and III 
nodules (63). If the second cytological study is still in-
determinate, diagnostic surgery (usually lobectomy) has 
traditionally been the only route to a definitive patho-
logical diagnosis. It is obviously expensive and associ-
ated with some risks. And if the nodule proves to be 
malignant, reoperation (completion thyroidectomy) is 
often indicated, with added risks and costs. Up to 60% 
of patients undergoing lobectomy for an indeterminate 
nodule are likely to be over- or undertreated at initial 
surgery (64).

Molecular testing of the FNAB samples is a newer 
approach that can reduce the need for diagnostic sur-
gery. The tests developed for this purpose over the past 
10  years are based on 3 main molecular approaches: 
testing for somatic mutations, gene expression evalu-
ation, and microRNA (miRNA)-based classifiers  
(65-71). The current version of the ThyroSeq test (ver-
sion 3)  involves targeted next-generation sequencing 
analysis of 112 cancer-related genes for point mutations, 
gene fusions, copy number alterations, or abnormal gene 
expression. When validated on 257 cytologically inde-
terminate nodules with surgical pathology reports, it 
displayed good sensitivity (94%) and specificity (82%), 
with a negative predictive value of 97% and a positive 
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predictive value of 66%. The authors concluded the test 
might eliminate the need for diagnostic surgery in up to 
61% of patients with indeterminate nodules (66). The 
Afirma test was originally based on microarray ana-
lysis of mRNA expression profiles. The current version, 
the Afirma Genomic Sequencing Classifier (GSC), in-
cludes 12 classifiers composed of 10,196 genes (RNA 
sequencing approach). Compared with the previous 
version, the new test correctly classifies more indeter-
minate nodules as benign and displays improved spe-
cificity (68.3%) and positive predictive value (47.1%), 
with a sensitivity of 91.1% and a negative predictive 
value of 96.1% (67). It is expected to further reduce 
the frequency of diagnostic surgery, based on the results 
of independent studies (72-74). In short, the ThyroSeq 
and Afirma assays currently have positive and nega-
tive predictive values that make them suitable for use 
in both rule-in and rule-out testing. ThyroPrint, a gene-
expression classifier based on interrogation of only 10 
genes has also displayed good performance (sensitivity 
96%, specificity 87%, and positive and negative pre-
dictive values of 78% and 98%, respectively) in an in-
ternal, multicenter validation study (70).

A well-known limitation of mutation-based ap-
proaches is related to the occurrence of RAS mutations 
in a wide variety of thyroid tumors, including follicular 
adenoma, noninvasive follicular thyroid neoplasm 
with papillary-like nuclear features, encapsulated and 
unencapsulated follicular-variant PTC, classic PTC, 
medullary thyroid cancer, poorly differentiated thyroid 
cancer, and anaplastic thyroid cancer. When clonally 
present, mutant RAS is an oncogene, and nodules har-
boring these mutations should be considered neoplastic. 
However, recent findings show that the presence of a 
RAS mutation alone is not a helpful marker of malig-
nancy. The few cancers with this mutation prove to be 
low-risk tumors with fairly indolent behavior (75, 76).

Other available approaches are based on expression 
levels of miRNAs, small, highly conserved, noncoding 
RNA molecules capable of influencing the expression 
of messenger RNAs and impacting multiple pathways 
(77). Differential miRNA expression has been described 
in distinct thyroid cancer subtypes and is also linked 
to the differentiation or progression status of these tu-
mors (78). MiRNAs have also been proposed as circu-
lating biomarkers of thyroid cancer in peripheral blood 
(79). As a result, miRNA gene expression classification 
has been proposed as a complementary molecular test 
that can further improve predictive values and refine 
surgical management (69, 71). Promising results have 
been reported for a combination assay that includes 
miRNA classification (ThyraMIR) and next-generation 

sequencing mutation analysis (ThyGeNEXT) (positive 
predictive value 74%, negative predictive value 94% 
(68)), but the assay has yet to be subjected to inde-
pendent validation. Molecular tests require a dedicated 
needle pass, the collection of residual material in the 
needle hub, liquid cytology remnants, or the recovery 
of cells from routinely prepared cytology slides. In some 
cases, a repeat dedicated biopsy is needed; in others (i.e., 
ThyroSeq, ThyGeNEXT/ThyraMIR, and ThyroPrint) 
can also be performed using the original cytology slide.

Meaningful comparison of these tests in terms of 
their diagnostic performance is extremely difficult for 
several reasons. The currently available data come from 
studies that differ significantly from one another in co-
hort selection criteria, sample sizes, malignancy rates, 
study designs, and applied reference standards (e.g., 
not all lesions are surgically resected, the issue of inter-
pathologist variability is not always addressed). In add-
ition, no attempts have been made to conduct direct 
head-to-head comparisons, using more than 1 test on 
the same samples. Furthermore, the high costs of these 
tests limit their use in many countries. However, when 
hypothetical modeling was used to compare surgery 
versus molecular testing for the management of inde-
terminate nodules, both of the major molecular ap-
proaches discussed previously proved to be considerably 
more cost-effective than diagnostic lobectomy, and the 
Thyroseq v. 3 was more cost-effective than the Afirma 
GSC (80). If, on the basis of all clinical, imaging, and 
cytologic findings, the sole aim of surgery is diagnostic, 
molecular testing should definitely be considered.

Follow-up examinations: what to look for
Fig.  1 shows the simulated management strat-

egies and outcomes of 1000 newly discovered thyroid 
nodules (21, 72-74, 81-83). The overall management 
pathway is based on the US-risk stratification of the 
target lesions and the cytology assessment (if any). 
These scenarios do not include symptomatic thyroid 
nodules that are already candidates for resection re-
gardless of their sonographic features. In these cases, 
a biopsy might be performed to clarify the best sur-
gical approach, but the results would not change the 
indication for surgery itself (84). The distributions of 
US-defined risk classes, US-defined FNAB indications, 
and Bethesda cytology class were derived from pub-
lished findings (21). For illustration purposes, all inde-
terminate nodules are shown as undergoing molecular 
testing, although other options are offered. However, if 
these alternative approaches, guided by clinical and US 
data, had been used, it is unlikely that the final number 
of resected nodules and their malignancy rate would be 
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significantly different from those shown in Fig. 1. The 
hypothetical molecular testing approach depicted has a 
benign call rate of 65%, a positive predictive value of 
50%, and a negative predictive value of 96% (72-74).

After the initial diagnostic workup described, very few 
of the nodules (10.8%) will be subjected to surgery, but 
a high percentage of those that are resected will prove 
be malignant (73.1% of the resected nodules; 7.9% of 
all nodules). Some nodules (14.5%) will require a repeat 
biopsy, immediately or during the long-term follow-up, 
to be classified. For Bethesda II nodules, a second cyto-
logical assessment is indicated only if the US-based risk 
class increases during surveillance (frequency: ~15% 
over 5  years of follow-up) (82). Three-quarters of all 
nodules (74.7%) will be classified as benign and man-
aged with long-term sonographic surveillance. False 

negatives (usually the result of sampling errors) are un-
common (less than 3%), but repeat biopsy should be 
considered for high-suspicion nodules with Bethesda II 
cytology (83). Most of these nodules (≈85%) will re-
main asymptomatic with no signs of growth and will 
therefore not require any treatment. This estimate is 
based on findings from a 5-year prospective study of 
1567 benign thyroid nodules (85), which have subse-
quently been confirmed by retrospective studies (86).

The aim of long-term surveillance should be to detect 
any previously missed malignancy and monitor thyroid 
nodule growth. The sonographically estimated malig-
nancy risk also provides guidance in planning effective 
follow-up (Fig.  2). The algorithm shown in the figure 
is based on literature data, practice guidelines, and the 
authors’ own experience. Thyroid FNAB cytology has a 

Figure 1.  Alluvial flow diagram showing simulated management and outcomes for 1000 newly discovered thyroid nodules. The distributions of 
ultrasound (US)-defined risk classes, US-defined fine-needle aspiration biopsy (FNAB) indications, and Bethesda cytology class were derived from 
published findings (21). US risk-stratification is that recommended by the American Thyroid Association (ATA) Guidelines. Nodules not classifiable 
with the ATA system are included in the intermediate-suspicion category. Nondiagnostic nodules with very-low-suspicion or low-suspicion US 
findings can be managed with US surveillance, but repeat FNAB is indicated for those with intermediate- or high-suspicion US findings (81): 
in this diagram, all are shown as undergoing repeat biopsy. Bethesda II nodules require repeat biopsy only if the US-based risk class increases 
during surveillance (frequency: ~15% over 5 years of follow-up) (82). The false-negative rate is less than 3% (e.g., sampling error; for high-
suspicion nodules with Bethesda II cytology, repeat biopsy is suggested) (83). For illustration purposes, all indeterminate nodules are shown as 
undergoing molecular testing (regardless of other possible options). The hypothetical molecular testing approach depicted has a benign call rate 
of 65%, a positive predictive value of 50%, and a negative predictive value of 96% (72-74). For high-suspicion nodules classified as benign by 
molecular testing, repeat biopsy is indicated. All Bethesda V and VI nodules are referred for surgery. Expected malignancy rates are 80% and 99%, 
respectively.
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very low false-negative rate (<3%); similar findings have 
been reported for molecular analysis of FNAB fluid 
(Table 2). However, nodules with highly suspicious fea-
tures on the initial US examination—even if they have 
been cytologically or molecularly classified as benign—
warrant a repeat biopsy within 12  months. Repeat 
biopsy is also indicated if new suspicious features or sig-
nificant growth is observed during follow-up. In a sub-
group analysis of a prospective cohort, the US-estimated 
malignancy risk class of 13.2% to 29.4% of the nodules 
increased during the first 5 years of follow-up. However, 
the risk-class increase was associated with a recommen-
dation for FNAB for only 6% to 8% of the nodules 
whose biopsies had been deferred at baseline (82), and 
none of the increased risk estimates was associated with 
discovery of a new malignancy. The development of new 
nodules is quite common during surveillance, but only 
3% to 7% of these lesions meet the criteria for biopsy. 
Some authors maintain that a sonographically docu-
mented change in the appearance of a nodule classified 
as benign (particularly its margins) is the most reliable 
indication for repeat FNAB (87). The growth alone 
of a such nodules emerged from a meta-analysis as a 
relatively poor predictor of malignancy (88). More re-
cently, however, a prospective study found that nodules 
displaying significant growth during follow-up (diam-
eter increases exceeding 2  mm per year) are signifi-
cantly more likely to be malignant than slower growing 

nodules (relative risk, 2.5; 95% confidence interval, 
1.6–3.1; P  <  0.001) and therefore warrant repeat bi-
opsy (89). Growth is also a concern because it can cause 
compressive symptoms. Size increases are more likely in 
younger individuals and patients with multiple or large 
nodules (85).

On the whole, the recent findings and increasing 
use of comprehensive US-based risk stratification sys-
tems should reduce the “diagnostic burden” related to 
nodules classified as benign: they can be safely followed 
with visits every 2 or 3 years, and the frequency can be 
even further reduced if no changes have been noted at 
previous visits.

Patients whose nodules are cytologically classified as 
malignant or suspicious for malignancy (Bethesda classes 
V and VI; or suspicious molecular analysis) should gen-
erally be referred for surgery. However, for those with 
subcentimeter, intrathyroidal cancers with no high-risk 
features, active US surveillance can be proposed in lieu of 
immediate surgery (3, 4). The first study published on this 
issue in 2003 found that more than 70% of microPTCs 
remained stable during surveillance, and the frequency 
of spread to the locoregional lymph nodes was quite low 
(~1%) (90). The active surveillance strategy does not 
merely delay surgery: the likelihood of disease progres-
sion diminishes with age, and older patients are therefore 
less likely to require surgery during their lifespan (91). 
Similar results have been reported worldwide (92, 93).

Figure 2.  Suggested management and follow-up of nodules with no indication for immediate biopsy and those cytologically classified as benign.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/9/2869/5850848 by guest on 12 July 2023



2878    Grani et al    Contemporary Thyroid Nodule Evaluation� J Clin Endocrinol Metab, September 2020, 105(9):2869–2883

Ta
b

le
 2

. 
M

in
im

al
ly

 In
va

si
ve

 T
ec

h
n

iq
u

es
 f

o
r 

Tr
ea

tm
en

t 
o

f 
Sy

m
p

to
m

at
ic

, B
en

ig
n

 T
h

yr
o

id
 N

o
d

u
le

s

M
et

h
o

d
M

ec
h

an
is

m
s

C
an

d
id

at
e 

N
o

d
u

le
s

Ex
p

ec
te

d
 V

o
lu

m
e 

R
ed

u
ct

io
n

A
d

ve
rs

e 
Ef

fe
ct

s
C

o
st

 E
st

im
at

e

Pe
rc

ut
an

eo
us

 e
th

an
ol

 
in

je
ct

io
n 

(P
EI

)
D

eh
yd

ra
tio

n 
of

  
cy

to
pl

as
m

ic
 p

ro
te

in
s,

 
co

ag
ul

at
io

n 
ne

cr
os

is
, 

an
d 

 
fib

ro
si

s

C
ys

tic
 o

r 
pr

ed
om

in
an

tly
 

cy
st

ic
 n

od
ul

es
~

60
%

 
• �

Pa
in

  
• �

Bu
rn

in
g 

se
ns

at
io

n 
 

• �
H

em
at

om
a 

 
• �

D
ys

pn
ea

  
• �

Vo
ic

e 
ch

an
ge

Si
m

pl
es

t,
 le

as
t 

ex
pe

ns
iv

e 
op

tio
n 

($
50

-$
10

0)

Ra
di

of
re

qu
en

cy
 a

bl
at

io
n 

(R
FA

)a   
 (1

01
, 1

03
, 1

04
)

Th
er

m
al

 c
oa

gu
la

tio
n 

ne
cr

os
is

M
ix

ed
 o

r 
so

lid
 n

od
ul

es
47

.7
%

-9
6.

9%
O

ve
ra

ll 
co

m
pl

ic
at

io
n 

ra
te

 2
.1

1%
 

(m
aj

or
 c

om
pl

ic
at

io
ns

 1
.2

7%
)  

M
aj

o
r:

  
• �

Vo
ic

e 
ch

an
ge

  
• �

N
od

ul
e 

ru
pt

ur
e 

 
• �

H
yp

ot
hy

ro
id

is
m

  
• 

Br
ac

hi
al

 p
le

xu
s 

in
ju

ry
  

M
in

o
r:

  
• �

Pa
in

  
• �

Th
er

m
al

 p
ro

pa
ga

tio
n 

ou
ts

id
e 

of
 t

he
 t

hy
ro

id
  

• �
Fe

ve
r 

 
• �

Sk
in

 b
ur

ns
  

• �
H

em
at

om
a 

 
• �

Tr
an

si
en

t 
hy

pe
rt

hy
ro

id
is

m
/

tr
an

si
en

t 
th

yr
oi

di
tis

Eq
ui

pm
en

t 
$2

5,
00

0;
  

$8
00

 p
er

 s
es

si
on

La
se

r 
ab

la
tio

n 
(L

A
)a   

 (1
01

, 1
02

)
Th

er
m

al
 c

oa
gu

la
tio

n 
ne

cr
os

is
M

ix
ed

 o
r 

so
lid

, 
fu

nc
tio

na
l, 

or
 

no
nf

un
ct

io
na

l n
od

ul
es

62
 ±

 2
2%

b
• �

Pa
in

 (1
0%

)  
• �

Fe
ve

r 
(8

%
)  

• �
Va

so
va

ga
l r

ea
ct

io
n 

(1
%

)  
• �

Vo
ic

e 
ch

an
ge

 (0
.5

%
)  

• �
H

em
at

om
a 

(0
.4

%
)  

• �
Sk

in
 b

ur
n 

(0
.1

%
)

Eq
ui

pm
en

t 
w

ith
 b

ui
lt-

in
 

la
se

r 
so

ur
ce

: $
12

,0
00

  
N

d:
YA

G
 la

se
r 

so
ur

ce
: 

$1
5,

00
0-

$2
0,

00
0 

 
$5

00
 p

er
 s

es
si

on

M
ic

ro
w

av
e 

ab
la

tio
n 

(M
W

A
) (

10
5-

10
7)

Th
er

m
al

 c
oa

gu
la

tio
n 

ne
cr

os
is

M
ix

ed
 o

r 
so

lid
 n

od
ul

es
50

%
-7

0 
%

 d
ep

en
di

ng
 o

n 
 

no
du

le
 c

om
po

si
tio

n 
 

(s
ol

id
 r

eq
ui

re
 m

or
e 

en
er

gy
  

th
an

 c
ys

tic
 n

od
ul

es
) 

• �
Pa

in
 (2

5%
)  

• �
Tr

an
si

en
t 

vo
ic

e 
ch

an
ge

 (1
%

)  
• �

H
em

at
om

as
  

• �
Bu

rn
s 

(2
/3

0)
  

• �
H

or
ne

r 
sy

nd
ro

m
e 

(1
/3

0)
 

Eq
ui

pm
en

t:
 $

35
,0

00
  

$4
00

 p
er

 s
es

si
on

H
ig

h-
in

te
ns

ity
 f

oc
us

ed
 

ul
tr

as
ou

nd
 (H

IF
U

) 
(9

8-
10

0)

Th
er

m
al

 c
oa

gu
la

tio
n 

ne
cr

os
is

M
ix

ed
 o

r 
so

lid
 n

od
ul

es
49

%
-6

9%
• �

H
yp

ot
hy

ro
id

is
m

 (1
.4

%
-2

.3
%

)  
• �

H
oa

rs
en

es
s 

 
• �

N
ec

k 
sw

el
lin

g

Fo
cu

se
d 

th
er

m
al

 t
is

su
e 

de
st

ru
ct

io
n 

w
ith

ou
t 

ne
ed

le
s;

  
Eq

ui
pm

en
t:

 $
40

0,
00

0 
 

$3
50

 p
er

 s
es

si
on

a La
se

r 
fib

er
s 

de
liv

er
 e

ne
rg

y 
to

 t
he

 t
ar

ge
t 

m
or

e 
ac

cu
ra

te
ly

 t
ha

n 
ra

di
of

re
qu

en
cy

 e
le

ct
ro

de
s.

 T
he

 e
ffi

ca
ci

es
 o

f 
th

e 
2 

te
ch

ni
qu

es
 a

re
 p

ot
en

tia
lly

 s
im

ila
r 

in
 t

he
 h

an
ds

 o
f 

op
er

at
or

s 
w

ith
 t

he
 s

am
e 

le
ve

ls
 o

f 
sk

ill
 

an
d 

ex
pe

rie
nc

e.
 R

FA
 a

pp
ea

rs
 t

o 
be

 s
up

er
io

r 
fo

r 
be

ni
gn

 s
ol

id
 n

od
ul

es
 (1

08
); 

LA
 s

ee
m

s 
sl

ig
ht

ly
 m

or
e 

ef
fe

ct
iv

e 
fo

r 
no

du
le

s 
>

 3
0 

m
L 

(1
01

).
b Th

e 
ra

te
 o

f 
de

cr
ea

se
 d

ep
en

ds
 o

n 
no

du
le

 t
yp

e,
 v

as
cu

la
rit

y,
 e

ne
rg

y 
us

ed
, o

pe
ra

to
r 

ex
pe

rie
nc

e 
(1

09
).

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/9/2869/5850848 by guest on 12 July 2023



doi:10.1210/clinem/dgaa322� https://academic.oup.com/jcem    2879

Active surveillance protocols initially provide for 
US neck examinations every 6 months. Once disease 
stability has been documented—in general, with 
2 years of serial US examinations showing no evidence 
of progression—the examination frequency can be re-
duced to every 1 to 2 years or more (94). In contrast, 
if surveillance does reveal evidence of progression 
(i.e., an increase ≥3 mm in the maximum diameter of 
the nodule, growth toward the dorsal surface of the 
gland or toward nearby structures, or the appearance 
of lymph node metastases) (95, 96), surgery is indi-
cated. These data provide a solid background for re-
commendations to avoid immediate biopsy and adopt 
an US-based surveillance strategy for subcentimeter, 
intrathyroidal nodules even if sonographically suspi-
cious (13).

Management

Benign nodules
Benign thyroid nodules requiring treatment are rare. 

The most common are hyperfunctioning nodules and 
nodules whose growth is associated with compres-
sion of vital structures like the trachea or esophagus, 
general neck discomfort, and/or cosmetic problems—all 
of which can negatively impact quality of life. Surgery 
is an option in these cases, but there are also several 
nonsurgical, minimally invasive alternatives. These in-
clude US-guided ablation procedures involving percu-
taneous ethanol injection (the traditional method and 
currently the least expensive) or the application of heat 
in the form of laser, radiofrequency, high-intensity fo-
cused US, or microwave energy. Radiofrequency and 
laser ablations can significantly reduce nodule volumes 
(97). As shown in Table  2 (98-109), these techniques 
differ in terms of their indications, adverse effects, and 
associated costs. Hyperfunctioning nodules can also be 
treated with radioiodine.

High-intensity focused US is a newer needle-free tech-
nique that is producing promising results (98-100), but 
it requires further clinical validation. More evidence and 
experience are also needed before microwave ablation is 
used on a large-scale basis. The use of these techniques 
for the treatment for symptomatic benign nodules has 
been addressed by several groups of experts (110-113). 
In general, consensus statements by these groups list 
US-guided aspiration as the first-line treatment for cystic 
or predominantly cystic nodules. Ethanol injection can 
be used for recurrences, and thermal ablation techniques 
are reserved for cases in which symptoms persist after 
ethanol. Thermal ablation can be used for nodules that 
are predominantly solid and/or growing, but only after 

the benign nature of the lesion has been confirmed with 
2 serial FNABs and serum calcitonin assessment. For 
nodules with lower risk features on US or autonomously 
functioning lesions, a single aspirate with benign cy-
tology is sufficient (110, 111). The clinical and US-based 
follow-up of benign nodules that undergo treatment re-
quire expert clinical and US evaluation, because the mor-
phologic features may change over time. If regrowth 
occurs, a new cytological assessment is indicated.

When surgery is indicated, decisions on the extent 
of resection will depend on multiple factors, including 
symptoms, the presence of contralateral nodules, thyroid 
functional status, comorbidities, family history, surgical 
risk, and patient preferences (84). Common reasons for 
surgery are large goiters, local compressive symptoms 
or progressive nodule or thyroid enlargement, or large 
toxic multinodular goiters. In most patients with mul-
tiple nodules, both lobes of the gland are involved and 
total thyroidectomy is necessary. Consensus is lacking 
on the procedure of choice for patients with an asym-
metric nodular goiter. In some cases, lobectomy can be 
considered as a safer alternative to total thyroidectomy. 
However, it requires long-term follow-up, is associ-
ated with nodule recurrence risk (114), and may subse-
quently require a second operation (115).

Indeterminate and suspicious nodules
For cytologically indeterminate nodules that cannot 

be molecularly classified as benign, lobectomy with 
isthmusectomy is generally the procedure of choice. 
However, thyroidectomy may be indicated in patients 
with larger indeterminate nodules (≥3-4  cm), nodules 
displaying progressive growth and/or worrisome fea-
tures on ultrasound, or a family history of thyroid 
cancer or radiation exposure (84). If preoperative mo-
lecular testing is not possible, seeking the opinion of 
a second pathologist may be worthwhile because thy-
roid cytology is characterized by substantial inter- and 
intraobserver variability, especially for nodules classi-
fied as indeterminate (116, 117).

Lobectomy and isthmusectomy (or rarely an 
isthmusectomy alone) is usually the least extensive pro-
cedure that can be considered when malignancy is sus-
pected (84). (Cases eligible for active surveillance, as 
discussed previously, are the obvious exception.) In pa-
tients with 1- to 4-cm suspicious nodules, lobectomy or 
total thyroidectomy are both acceptable, whereas patients 
with large suspicious nodules, suspected extrathyroidal 
extension, or suspected metastases (locoregional or dis-
tant) should undergo total thyroidectomy.

Lobectomy offers several advantages over total 
thyroidectomy. It virtually eliminates the risks of per-
manent hypoparathyroidism and bilateral recurrent 
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laryngeal nerve injury and substantially reduces the 
rates of permanent unilateral recurrent laryngeal nerve 
palsy (0.6% versus 1.3%) (118). Furthermore, 50% to 
80% of the patients who undergo lobectomy do not re-
quire thyroid hormone replacement therapy (the like-
lihood varies according to the preoperative TSH level 
and the presence of thyroid autoimmunity.) (114, 115). 
Minimally invasive US-guided ablation techniques are 
also being proposed by some groups for nonsurgical 
treatment of small suspicious nodules (119, 120).

Conclusions

The evaluation and management of patients with thy-
roid nodules is no longer a 1-size-fits-all proposition. The 
tailored approach advocated today requires a careful as-
sessment of each nodule to determine the likelihood that 
it is malignant and the chances that it will cause symp-
toms. Very few nodules will require an intensive workup 
that includes cytology and molecular testing of FNAB 
samples: for the vast majority, a systematic cervical US 
examination with assessment of clinical risk factors will 
provide a reliable foundation for identifying the initial 
management strategy. After an appropriate initial as-
sessment, the frequency of subsequent surveillance visits 
for most nodules can be safely reduced compared with 
currently used schedules. This is particularly relevant for 
frail, elderly individuals, as they are unlikely to be harmed 
by the thyroid tumor itself, and overmedicalization can 
cause more harm than good. In these populations, sur-
veillance can safely be confined to a periodic clinical 
examination. If surgery is needed, resections can often be 
less extensive. In some cases, minimally invasive, percu-
taneous approaches are a viable alternative to surgery. 
When there are multiple options, they should be dis-
cussed as frankly as possible with the patient, outlining 
the advantages, limitations, benefits, and risks of each. 
The goal is to identify the best strategy for the individual 
patient, in terms of disease outcomes and quality of life, 
avoiding the pitfalls of overdiagnosis and overtreatment. 
For health professionals, this means learning to work 
with some degree of clinical uncertainty rather than auto-
matically resorting to intensive testing and intervention, 
and by weighing patients’ expectations and demands.
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