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Introduction

The incidence of thyroid cancer has seen a significant 
increase in the United States over the past few decades. 
This rise can be attributed to both improved detection 
methods (1) as well as a genuine increase in the occurrence 
of the disease (2). Thyroid nodules are found to be 
malignant in only 5% to 15% of cases (3). To determine the 
malignancy potential of a thyroid nodule, various factors 
such as medical history, physical examination, radiographic 
assessment, and fine needle aspiration (FNA) are taken into 
consideration. The analysis of FNA specimens has long 
played a crucial role in assessing and characterizing thyroid 
nodules, complementing clinical and radiological criteria. 
This cytological evaluation has significantly impacted 
patient management by reducing the need for surgery by 
half and increasing the proportion of identified cancers 
among surgical patients (4). The Bethesda System for 
Reporting Thyroid Cytopathology (TBSRTC), introduced 
by the National Cancer Institute in 2009 and revised in 
2017, is widely used to classify the risk of malignancy 
based on cytological findings. It has proven to be accurate 
in establishing a diagnosis (benign vs. malignant) in 
approximately 70–80% of cases (5).

However, a current limitation of cytological evaluation is 
that around 20–25% of cases are reported as indeterminate, 
falling under Bethesda III (atypia of undetermined 

s ignif icance or fol l icular lesion of  undetermined 
significance) and Bethesda IV (follicular neoplasm or 
suspicious for a follicular neoplasm). Unilateral lobectomy 
(hemithyroidectomy) is currently considered the standard 
procedure to obtain a definitive diagnosis for cytologically 
indeterminate thyroid lesions. Nevertheless, recent 
guidelines from the American Thyroid Association (ATA) 
suggest alternative options such as repeat FNA cytology, 
molecular testing, or active surveillance, depending on 
clinical risk factors, sonographic pattern, and patient 
preference (6,7).

Prior to 2009, a significant number of patients with 
indeterminate thyroid cytology (ITC) underwent diagnostic 
surgery based on a malignancy probability ranging from 
15% to 40% (7). However, recent advancements have 
introduced molecular genetic testing to study these 
indeterminate cases. In this review, we explore this concept 
along with some commonly used commercial molecular 
genetic panels in current thyroid neoplasia practice.

Molecular markers

Mutations

Genomic studies of thyroid cancer have revealed two 
signaling pathways that play a crucial role in thyroid 
growth and proliferation (8). These pathways are the 
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mitogen-activating protein kinase (MAPK) pathway 
and the Phosphatidylinositol-3-kinase (PI3K)/AKT 
pathway. Mutations in kinases and transcription factors 
involved in these pathways initiate the development and 
progression of thyroid cancer. When these key targets 
in the respective pathway undergo mutations or genetic 
rearrangements, they become constitutively active, leading 
to the translocation of transcription factors into the nucleus. 
This translocation results in the upregulation of genes that 
promote tumorigenesis and cancer progression. Mutations 
in key regulators of the MAPK pathway are present in 
approximately 70% of all papillary thyroid carcinoma (PTC) 
cases (9).

One notable mutation is the BRAFV600E mutant 
protein, which was first described in thyroid cancer by 
Cohen et al. (10). This mutation leads to the activation 
of the BRAF kinase independently of its upstream target, 
RAS. The BRAFV600E kinase domain is approximately 
500 times more active than the wild type BRAF kinase (11).  
This mutation is considered one of the fundamental 
initiating events in the development and progression of 
PTC. Additionally, the BRAFV600E mutation inhibits 
proapoptotic genes, further contributing to the survival 
and proliferation of cancer cells (12). A meta-analysis of 
18 studies, encompassing 2,766 thyroid FNA samples, 
demonstrated that among the 581 cases that tested positive 
for the BRAF mutation, 580 were diagnosed as papillary 
thyroid cancers (13). Therefore, the presence of a BRAF 
V600E mutation in a thyroid nodule is highly indicative of 
the presence of papillary thyroid cancer.

The PI3K/AKT signaling pathway plays a vital role in 
regulating various cellular processes, including apoptosis, 
proliferation, cell cycle progression, angiogenesis, 
cytoskeleton integrity, and energy metabolism (14). Within 
this pathway, one of the frequently mutated targets is RAS, 
which acts as an upstream kinase of BRAF kinase. Mutations 
in RAS result in its continuous activation in a GTP-bound 
state. Among the three isoforms of RAS (NRAS, HRAS, 
and KRAS), NRAS is the most commonly mutated in 
human thyroid cancer (15).

RAS mutations are considered premalignant mutations, 
meaning that additional mutations are required to initiate 
the development of cancer. In a recent meta-analysis (16), 
the specificity (the ability to accurately identify absence of 
disease) and positive predictive value (PPV) (the likelihood 
of correctly identifying the presence of disease) of RAS 
mutations were found to have average values of 23% and 
82%, respectively. This suggests that while RAS mutations 

can provide useful diagnostic information, they are not 
highly specific indicators of thyroid cancer on their own.

A meta-analysis that combined data from seven studies 
revealed that RAS mutations had an overall sensitivity of 
34.3% and a specificity of 93.5% in detecting malignancy 
among indeterminate FNA samples. Additionally, the 
positive likelihood ratio was 4.235, indicating a moderate 
increase in the risk of malignancy with a positive RAS 
mutation result, while the negative likelihood ratio was 
0.775, suggesting only a slight reduction in the risk of 
malignancy with a negative RAS mutation result. Therefore, 
while a positive RAS mutation result moderately increases 
the likelihood of malignancy, a negative result only slightly 
reduces the risk (17).

In another study, differences in outcomes were observed 
when comparing RAS mutation subtypes. The probability 
of a malignant outcome followed a specific order among 
the mutation subtypes: KRAS (100%), NRAS (74%), 
and HRAS (56%). It is important to note that this study 
specifically focused on follicular adenoma and carcinoma 
cases, limiting its generalizability to other types of thyroid 
cancer (18).

Fusions/translocations

In addition to mutations, constitutive activation of both 
the MAPK and PI3K-AKT pathways can also result from 
gene translocations. One of the most common types of 
translocations observed in thyroid cancer is called RET/
PTC, which was initially described in PTC by Fusco et al. 
in 1987 (19). These translocations involving the RET gene 
have shown average values of specificity (18%) and PPV  
(87%) (16). It is worth noting that these RET/PTC 
translocations are now commonly referred to as RET fusions.

The PAX8/peroxisome proliferator-activated receptor-γ 
(PPARγ) rearrangement is a result of a translocation known 
as (2;3)(q13;p25), which leads to the fusion of the PAX8 
gene and the PPARγ gene. This specific translocation is 
observed in approximately 30–60% of follicular thyroid 
cancer (FTC) (16) cases and in 38% of the follicular variant 
of papillary thyroid cancer (FVPTC) cases (19,20).

MicroRNAs (miRNAs)

miRNAs are short non-coding RNA molecules that play 
a crucial role in regulating gene expression at the post-
transcriptional level. They are involved in processes such 
as cell proliferation, apoptosis, and differentiation. The 
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deregulation of miRNA expression has been identified as 
an important factor in tumor development and progression. 
Numerous studies have highlighted the significance of 
miRNA abnormalities in PTC development (21). In 
PTCs, specific miRNAs exhibit distinct expression profiles 
compared to normal thyroid tissue and tumors with 
different biological properties. Notably, there is a significant 
increase in the expression of miR-221, miR-222, and miR-
181b in PTC compared to normal thyroid tissue. When 
at least one of these miRNAs is overexpressed more than 
twofold, it has been shown to have a sensitivity of 100%, 
specificity of 94%, and an accuracy of 95% in detecting 
malignancy (21). These findings suggest that the assessment 
of miRNA expression profiles can serve as a valuable tool in 
the diagnosis and detection of thyroid cancer, particularly 
PTC. The altered expression of specific miRNAs can 
provide useful information for identifying malignancy in 
thyroid nodules.

Diagnostic implications

Although the aforementioned mutations and other 
mutations have been extensively studied, and some 
mutations and fusions are pathognomonic for malignancy 
in an indeterminate thyroid nodule (e.g., BRAF V600E 
mutation, RET fusion), none of these mutations can stand 
alone as a diagnostic test for cancer. 

For instance, BRAF mutations are the most common 
genetic anomaly observed in PTC, occurring in approximately 
45% of PTC cases (21). The BRAF V600E mutation 
specifically exhibits a high specificity for malignancy in 
indeterminate thyroid nodules. However, its utility as a 
diagnostic marker for indeterminate nodules is limited due 
to its low sensitivity for malignancy (15). Additionally, the 
presence of BRAF V600E mutation is infrequent in FNA 
samples of indeterminate nodules, which primarily consist 
of follicular patterned neoplasms and have a prevalence of 
less than 10% (22).

Indeed, considering multiple factors is crucial in 
the evaluation and diagnosis of thyroid nodules. While 
genetic mutations, such as RAS mutations, are present 
in a significant proportion of FTC and papillary thyroid 
carcinoma cases, their specificity for malignancy is limited. 
RAS mutations are observed in approximately 40–50% of 
FTC cases and 10–20% of PTC cases (22). However, it 
is important to note that RAS mutations are not specific 
indicators of malignancy, as they can also be found in 
20–40% of follicular adenomas and are the predominant 

mutations in noninvasive follicular thyroid neoplasm with 
papillary-like nuclear features (NIFTP) (23).

The presence of RAS mutations alone cannot be relied 
upon as a definitive diagnostic marker for malignancy. 
The recent shift in the classification of NIFTP and the 
recalibration of the risk of malignancy in RAS FNA nodules 
further highlights the complexity of interpreting these 
mutations in relation to the true incidence of carcinomas, 
malignancies, adenomas, and NIFTP cases (24).

Therefore, it is essential to integrate genetic mutation 
analysis with other diagnostic criteria, including clinical 
history, physical examination, radiographic assessment, 
and cytological evaluation, to accurately assess the risk of 
malignancy in thyroid nodules. The combination of these 
factors allows for a comprehensive evaluation and diagnosis 
of thyroid nodules.

RET fusions (RET/PTC translocations) are detected in 
approximately 10% of patients with PTC. In a retrospective 
study, the presence of RET/PTC fusions in indeterminate 
thyroid nodules was associated with malignancy in 60% of 
cases, with no false positives (25). RET fusions are generally 
considered pathognomonic for malignancy in indeterminate 
thyroid nodules. Similarly, other fusions such as NTRK 
fusions found in indeterminate thyroid nodules are also 
typically indicative of malignancy. NTRK fusions can be 
observed in around 2–3% of sporadic PTC cases (26). Like 
RET fusions, NTRK fusions are a recombination of parts of 
NTRK genes with parts of any of a large number of genes 
leading to activation of RAS and the MAPK and PI3K/AKT 
pathways. All types of NTRK fusions seem to be associated 
with a 100% probability of malignancy, since they have not 
been found in benign nodules in large histopathological 
series (27).

Strong driver mutations such as BRAFV600E, RET 
fusions, and TERT promoter mutations have proven to 
be useful in surgical decision making due to their high 
predictability of malignancy. However, the most common 
mutations observed in indeterminate nodules are RAS 
mutations, which are considered weak driver mutations with 
a lower PPV. The PPV of RAS mutations in the Bethesda 
III and IV categories varies across different studies, leading 
to a lack of confidence in a single estimate of PPV (28,29).

In summary, while certain driver mutations like 
BRAFV600E, RET fusions, and NTRK fusions are highly 
indicative of malignancy, the predictive value of RAS 
mutations in indeterminate nodules is lower and can vary 
across different studies. Therefore, the interpretation of 
these mutations in the context of diagnosing malignancy 
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in thyroid nodules should be done cautiously, taking into 
account multiple diagnostic criteria and considering the 
specific mutation and its associated clinical significance.

Molecular marker panels

In order  to  address  the chal lenges  posed by the 
heterogeneous sensitivity and specificity of individual 
mutations in diagnosing thyroid cancer, genetic molecular 
panels have been developed as an efficient approach to 
test for a range of molecular markers. These panels have 
historically been categorized as either “rule out” or “rule 
in” tests. A “rule out” test aims to have high sensitivity 
and negative predictive value (NPV) to effectively exclude 
the presence of malignancy, while a “rule in” test aims to 
have high specificity and PPV to confidently indicate the 
presence of malignancy (30).

However, with advancements and newer generations of 
commercially available molecular tests for thyroid nodules, 
the NPV and PPV of various tests have become more 
aligned, making it challenging to easily classify a single 

test as a definitive “rule in” or “rule out” test. As a result, 
there are now several commercially available clinical tests, 
some of which are in their second or third generation, 
that provide risk stratification for indeterminate nodules, 
helping to predict the likelihood of malignancy. Detailed 
information on these tests can be found in Tables 1,2.

These molecular panels offer a comprehensive approach 
by assessing multiple genetic markers simultaneously, 
allowing for improved risk assessment and aiding in the 
diagnosis of thyroid nodules. By considering the collective 
information from these tests, healthcare professionals 
can make more informed decisions regarding patient 
management and treatment strategies.

Afirma 

One of the molecular tests available for evaluating 
indeterminate thyroid nodules is Afirma GEC (Gene 
Expression Classifier). It is a microarray-based test that 
analyzes the mRNA expression of 167 genes. When initially 
introduced in 2012, it demonstrated high NPV for different 

Table 2 Quality of evidence for select genetic molecular tests for indeterminate thyroid nodules

Assay
Diagnostic 
platform

Multicenter 
study?

Prospective 
trial?

Blinded?
Number of Bethesda III/IV 
cases in validation set

Reference

ThyGeNext - Thyamir NGS/qPCR Yes No Single 147* Finkelstein, Thyroid, 2022

ThyroidPrint qPCR Yes Yes Double 270 Zafereo, Thyroid, 2020

Mir-THYpe qPCR No No Single 63 Tadeu dos Santos, Thyroid, 2018

Afirma-GSC NGS Yes No** Double 190 Kepal, Surgery, 2018

ThyroSeq V3 NGS Yes Yes Double 247 Steward, JAMA Oncology, 2018

*, 147 of 178 Bethesda III and IV cases with a definitive result; **, prospectively collected samples of GEC trial were re-analyzed for the 
GSC study. NGS, next-generation sequencing; qPCR, quantitative polymerase chain reaction; GSC, Gene Sequencing Classifier; GEC, 
Gene Expression Classifier.

Table 1 Clinical performance of select genetic molecular tests for indeterminate thyroid nodules

Assay Sensitivity, % Specificity, %
Cancer  

prevalence, %
NPV, % PPV, %

Adjusted NPV, % 
(pre-test 25%)

Adjusted PPV, % 
(pre-test 25%)

ThyGeNext - Thyamir 93 90 30 95 74 97 72

ThyroidPrint 91 88 32 95 78 97 71

Mir-THYpe 94 81 39 95 76 97 61

Afirma-GSC 91 68 24 96 47 95 48

ThyroSeq V3 94 82 28 97 66 97 63

NPV, negative predictive value; PPV, positive predictive value; GSC, Gene Sequencing Classifier.
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categories of indeterminate nodules. Specifically, the NPV 
for “atypia (or follicular lesion) of undetermined clinical 
significance”, “follicular neoplasm or lesion suspicious for 
follicular neoplasm”, and “suspicious cytologic findings” 
were reported to be 95%, 94%, and 85%, respectively (31).

More recently, a new version of the Afirma test has 
been developed, known as Afirma GSC (Gene Sequencing 
Classifier). This updated version incorporates gene 
sequencing and additional genomic analysis techniques, 
such as nuclear and mitochondrial RNA transcriptome 
gene expression and genomic copy number analysis, in 
addition to RNA sequencing. The aim of this enhanced 
version is to provide better prediction of thyroid cancers 
in indeterminate nodules while still being able to rule out 
cancer in benign nodules.

In a meta-analysis comparing the two methods, Afirma 
GSC was found to have several advantages over Afirma 
GEC. Afirma GSC showed higher risk of malignancy 
(60.1% vs. 37.6%), higher specificity (43.0% vs. 25.1%), 
and higher PPV (63.1% vs. 41.6%), while maintaining high 
sensitivity (94.3%) and high NPV (90.0%) (32). These 
findings indicate that Afirma GSC has improved accuracy 
in distinguishing between benign and malignant thyroid 
nodules compared to Afirma GEC.

Furthermore, the meta-analysis suggested that the use 
of Afirma GSC testing resulted in a relative reduction of 
surgical interventions by approximately 50% compared to 
Afirma GEC. Additionally, there was a relative increase 
in the malignancy rate by approximately 60% with the 
use of Afirma GSC. These results indicate the potential 
clinical impact of Afirma GSC in reducing unnecessary 
surgeries while effectively identifying malignancies among 
indeterminate thyroid nodules.

Afirma XA is a molecular test designed for the evaluation 
of thyroid nodules that are cytologically indeterminate and 
have suspicious findings based on Afirma GSC testing, as 
well as nodules diagnosed as Bethesda V/VI (suspicious 
for malignancy or malignant). This test utilizes RNA 
sequencing of material collected through FNA to analyze 
expressed genomic variants and gene fusions associated with 
thyroid cancer. The purpose of Afirma XA is to provide 
additional insight into the risk of cancer, particularly for 
cytologically indeterminate nodules, by identifying specific 
genomic alterations. However, it is important to note that 
Afirma XA is not intended to be a definitive rule-out test for 
cancer. The identification of genomic alterations through 
Afirma XA can contribute to personalized care for biopsied 
lesions that are known or suspected to be malignant. By 

understanding the specific alterations present, healthcare 
providers can gain valuable information about the 
oncogenic drivers of the tumor. This knowledge can help 
inform treatment decisions, including the consideration of 
systemic targeted therapies, especially in cases where there 
are known or suspected thyroid cancer metastases (33).

Thyroseq

ThyroSeq (version 3) is a molecular test that utilizes next-
generation sequencing to analyze the DNA and RNA of 112 
thyroid-related genes. It is designed to detect various types 
of molecular alterations, including mutations, gene fusions, 
copy number alterations, and gene expression alterations.

The ThyroSeq v3 genomic classifier (GC) is the latest 
version of the test and was launched for clinical use in late 
2017. It offers advanced sequencing technology, examining 
thousands of mutation hotspots and fusion types. The test 
can identify five different classes of genetic alterations, 
providing comprehensive genomic information. The 
sensitivity of ThyroSeq v3 GC for distinguishing benign 
from possibly malignant nodules is reported to be 98%, 
indicating its ability to detect true positive cases. The 
specificity is reported at 82%, indicating its ability to 
accurately identify true negative cases (34).

In a study involving 154 thyroid nodules and 93 nodules 
diagnosed as Bethesda categories III and IV, ThyroSeq 
v3 GC demonstrated a high NPV of 97%. The NPV 
represents the percentage of patients with indeterminate 
cytology nodules who can avoid unnecessary diagnostic 
surgeries and be managed similarly to patients with benign 
cytology results. The study reported five false-negative 
results, where the test missed low-risk papillary carcinomas 
and minimally invasive follicular carcinoma (35).

The benign call rate is an important factor for “rule-
out tests” as it indicates the percentage of patients with 
indeterminate nodules who can be confidently classified 
as benign and avoid surgery. ThyroSeq v3 GC has shown 
a benign call rate of 61% based on multicenter studies, 
indicating that a significant proportion of histologically 
benign thyroid nodules can be accurately classified as 
negative by the test. Comparatively, the Afirma GSC 
has a benign call rate of 54%, with a lower percentage of 
histologically benign nodules classified as negative (35,36).

ThyGeNEXT/ThyraMIR

ThyGeNEXT/ThyraMIR uses a combination of two tests. 
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The first test (ThyGeNEXT) incorporates a mutation 
panel. If no mutation is found, a second test (ThyraMIR) is 
performed analyzing miRNA markers. miRNAs are short 
single-stranded non-coding RNA segments and abnormal 
expression has been found in thyroid cancers. Based on a 
threshold (positive or negative) the combination of both 
tests is able to provide a clinically actionable result in 79% 
of cases, where negative result on this combined test with 
Bethesda III and IV cytology was found to “rule-out” 
disease with 97% NPV (NPV; 95% CI: 91–99%) at a 30% 
disease prevalence, while a positive result “ruled-in” high 
risk disease with 75% PPV (95% CI: 60–86%) (37). The 
limitation of the test lies in a group of cases with a moderate 
threshold result which essentially remain indeterminate 
and would still potentially require diagnostic surgery. 
Thyramir™/ThyGenX™ currently does not have reported 
post-validation studies, which is a drawback compared 
to other tests available in the market. Estimation of the 
impact of the test must consider the number of surgeries 
being avoided, the number of misclassified cases with a 
malignancy and the overall cost of the molecular test (38).  
Recently, the second version of this test (MPTXv2) was 
tested on a training cohort of histopathology-proven 
benign nodules and then validation testing was carried 
out on a cohort of 178 intermediate nodules improving its 
specificity to 98%. Prospective trials for this method are 
still needed (39).

ThyGeNEXT/ThyraMIR is a combination test 
that consists of two components. The first component, 
ThyGeNEXT, is a mutation panel that analyzes specific 
genetic mutations associated with thyroid cancer. If no 
mutation is detected, the second component, ThyraMIR, 
is performed to analyze miRNA markers. Abnormal 
expression of miRNAs has been observed in thyroid 
cancers, making them valuable markers for diagnostic 
purposes.

In a study evaluating the combined ThyGeNEXT/
ThyraMIR test in cases with Bethesda III and IV cytology, 
a negative result was found to have a high NPV of 97% at 
a disease prevalence of 30%. On the other hand, a positive 
“ruled-in” high risk disease with a PPV of 75% (37).

It’s worth noting that ThyraMIR/ThyGenX currently 
lacks reported post-validation studies, which can be a 
limitation compared to other available tests in the market. 
The impact of the test should be evaluated considering 
factors such as the number of avoided surgeries, the 
possibility of misclassifying cases with malignancy, and the 
overall cost of the molecular test (38).

A newer version of the test, MPTXv2, has been 
developed and tested on a training cohort of histopathology-
proven benign nodules. Validation testing on a cohort of 
178 intermediate nodules showed improved specificity, 
reaching 98%. However, prospective trials are still needed 
to further evaluate the performance and effectiveness of this 
method (39).

ThyroidPrint

ThyroidPrint is a relatively new thyroid genetic classifier 
that utilizes quantitative polymerase chain reaction (qPCR) 
measurement of a 10 genes signatures, followed by neural 
network algorithm analysis. The test was developed with 
the potential of becoming a future diagnostic kit for broader 
laboratory access. In the discovery phase of its development, 
the expression of 18 genes was determined in a diverse set 
of 114 fresh-tissue biopsies, including 43 cancer samples 
and 71 benign samples. The expression data were used to 
train several classifiers using supervised machine learning 
approaches. These classifiers were then tested on an 
independent set of 139 samples. The best-performing 
classifier was selected to develop a multiplexed qPCR 
prototype kit assay.

The prospective multicenter cohort study using fine-
needle aspiration biopsies showed promising results, with 
ThyroidPrint demonstrating a sensitivity of 96% and 
specificity of 87% (40). This means that the test correctly 
identified 96% of malignant nodules and 87% of benign 
nodules.

Subsequently, ThyroidPrint underwent two independent 
prospective multi-center validation trials. In these trials, the 
test accurately predicted 78 out of 86 malignant nodules and 
162 out of 184 benign nodules. This resulted in a sensitivity 
of 91% and specificity of 88%, with positive and NPV of 
95% and 78%, respectively (41).

mir-THYpe

mir-THYpe is a molecular classifier test that analyzes 
the expression profiles of 11 miRNAs. In the FNA smear 
slide validation set of 67 Bethesda III and IV samples, the 
mir-THYpe test reached 95% sensitivity, 81% specificity, 
96% NPV, and 76% PPV (42). In a multicenter study, 
435 patients with 440 Bethesda III/IV thyroid nodules 
were followed and compared to mir-THYpe test results. 
The rate of avoided surgeries was 53% for all surgeries 
and 75% for “potentially unnecessary” surgeries. The test 
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achieved 89% sensitivity, 82% specificity, 66% PPV, and 
95% NPV (43). 

Conclusions

The use of genetic molecular testing has been demonstrated 
to aid in the categorization of indeterminate thyroid 
nodules. Active surveillance, diagnostic lobectomy, and 
further evaluation with genetic molecular testing are all 
reasonable strategies for Bethesda III and IV nodules, 
dependent upon clinical and radiographic features, patient 
preference, and socioeconomic factors which differ 
across the globe. While some studies have suggested that 
these tests may reduce the rate of unnecessary surgeries, 
there is a significant cost and technology involved with 
genetic molecular testing, which limit their current global 
utility. Recently, minimally invasive technologies such as 
ultrasound, alcohol, and thermal ablation have been studied 
for benign (e.g., Bethesda II) thyroid nodules. As this field 
of nonsurgical intervention for thyroid nodules continues 
to expand, so also will the demand for genetic molecular 
testing to definitively diagnose a nodule as benign. 
Furthermore, as these technologies become cheaper, better, 
and more well studied, it is expected that the need for 
diagnostic lobectomies for indeterminate thyroid nodules 
will continue to decline. 
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