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Policy Statement 
 
The use of either Afirma Genomic Sequencing Classifier or ThyroSeq v2 in fine needle aspirates of 
thyroid nodules with indeterminate cytologic findings (i.e., Bethesda diagnostic c ategory III 
[atypia /follicular lesion of undetermined signific ance] or Bethesda diagnostic c ategory IV 
[follicular {e.g., Hurthle cell} neoplasm /suspicion for a follicular neoplasm]) may be considered 
medically necessary in patients who have one or more of the following chara cteristics: 

 Thyroid nodules without strong clinical or radiologic findings suggestive of malignancy 
 In whom surgic al decision making would be affected by test results 

 
The use of any of the following types of molecular marker testing or gene variant analysis in fine 
needle aspirates of thyroid nodules with indeterminate findings (i.e., Bethesda diagnostic c ategory 
III [atypia /follicular lesion of undetermined significance] or Bethesda diagnostic c ategory IV 
[follicular {e.g., Hurthle cell} neoplasm /suspicion for a follicular neoplasm]) or suspicious findings 
(Bethesda diagnostic c ategory V [suspicious for malignancy]) to rule in malignancy to guide 
surgic al planning for initial resection rather than a 2-stage surgic al biopsy followed by definitive 
surgery may be c onsidered medically necessary: 

 ThyroSeq  
 ThyraMIR microRNA/ThyGenX 
 Afirma BRAF after Afirma Gene Expression Classifier; or 
 Afirma MTC after Afirma Gene Expression Classifier 

 
Gene expression classifiers, genetic variant analysis, and molecular marker testing in fine needle 
aspirates of the thyroid not meeting criteria outlined above, including but not limited to use of 
RosettaGX Reveal and single-gene TERT testing, are considered investigational. 
 

Policy Guidelines 
 
In patients who do not undergo surgic al biopsy or thyroidectomy on the basis of gene expression 
classifier or molecular marker results, regular a ctive surveillance is indic ated. 
 
Use of molecular marker testing based on fine needle aspirate of a thyroid nodule to rule in 
malignancy prior to surgic al biopsy may guide surgic al planning, particularly fa ctors such as 
choice of surgic al fa cility provider to ensure that the c apability is available to conduct a frozen 
sec tion pathologic reading during surgic al biopsy so that surgic al approa ch may be adjusted 
a c cordingly in one surgery. 
 
Genetics Nomenclature Update 
The Human Genome Variation Society (HGVS) nomenclature is used to report information on 
variants found in DNA and serves as an international standard in DNA diagnostics. It is being 
implemented for genetic testing medic al evidence review updates starting in 2017 (see Table 
PG1). The Society’s nomenclature is recommended by the Human Variome Projec t, the HUman 
Genome Organization, and by the Human Genome Variation Society itself. 
 
The Americ an College of Medic al Genetics and Genomics (ACMG) and the Association for 
Molecular Pathology (AMP) standards and guidelines for interpretation of sequence variants 
represent expert opinion from both organizations, in addition to the College of Americ an 
Pathologists. These rec ommendations primarily apply to genetic tests used in clinic al laboratories, 
including genotyping, single genes, panels, exomes, and genomes. Table PG2 shows the 
recommended standard terminology “ pathogenic,” “ likely pathogenic,” “uncertain 
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signific ance,” “ likely benign,” and “ benign” to describe variants identified that c ause Mendelian 
disorders. 
 
Table PG1. Nomenclature to Report on Variants Found in DNA  

Previous  Updated  Definition 

Mutation 
Disease-associated 
variant 

Disease-associated change in the DNA sequence 

 Variant Change in the DNA sequence  

 
Familial variant Disease-associated variant identified in a proband for use in 

subsequent targeted genetic testing in first-degree relatives 

 
Table PG2. ACMG-AMP Standards and Guidelines for Variant Classification 

Variant Classification Definition 
Pathogenic Disease-c ausing change in the DNA sequence 
Likely pathogenic Likely disease-c ausing change in the DNA sequence  
Variant of uncertain significance Change in DNA sequence with uncertain effects on disease 
Likely benign Likely benign change in the DNA sequence 
Benign Benign change in the DNA sequence 

ACMG: Americ an College of Medic al Genetics and Genomics; AMP: Association for Molecular Pathology.  
 
Genetic Counseling 
Experts recommend formal genetic counseling for patients who are at risk for inherited disorders 
and who wish to undergo genetic testing. Interpreting the results of genetic tests and 
understanding risk fa ctors c an be difficult for some patients; genetic counseling helps individuals 
understand the impa ct of genetic testing, including the possible effec ts the test results could have 
on the individual or their family members. It should be noted that genetic counseling may alter the 
utilization of genetic testing substantially and may reduce inappropriate testing; further, genetic 
counseling should be performed by an individual with experience and expertise in genetic 
medicine and genetic testing methods. 
 
Coding 
The following CPT code is specific to the Afirma® Gene Expression Classifier test: 

 81545: Oncology (thyroid), gene expression analysis of 142 genes, utilizing fine needle 
aspirate, algorithm reported as a c ategoric al result (e.g., benign or suspicious) 

 
The following PLA code is specific to the ThyMIR: 

 0018U: Oncology (thyroid), microRNA profiling by RT-PCR of 10 microRNA sequences, 
utilizing fine needle aspirate, algorithm reported as a positive or negative result for 
moderate to high risk of malignancy 

 
The following PLA code is specific to the Thyro SeqV2: 

 0026U: Oncology (thyroid), DNA and mRNA of 112 genes, next-generation sequencing, fine 
needle aspirate of thyroid nodule, algorithmic analysis reported as a c ategoric al result 
(“Positive, high probability of malignancy” or “Negative, low prob ability of malignancy”) 

 
Note: Some labs may use the following code for gene sequencing: 

 81445: Targeted genomic sequence analysis panel, solid organ neoplasm, DNA analysis, 
and RNA analysis when performed, 5-50 genes (e.g., ALK, BRAF, CDKN2A, EGFR, ERBB2, KIT, 
KRAS, NRAS, MET, PDGFRA, PDGFRB, PGR, PIK3CA, PTEN, RET), interrogation for sequence 
variants and copy number variants or rearrangements, if performed  

 

Description 
 
To determine which patients, need thyroid resec tion, many physicians will perform a cytologic 
examination of fine needle aspirate (FNA) samples from a thyroid lesion; however, this method has 
diagnostic limitations. As a result, assays using molecular markers have been developed to 
improve the a c cura cy of thyroid FNA biopsies. 
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Related Policies 
 

 N/A 
 

Benefit Application 
 
Benefit determinations should be based in all c ases on the applic able contra ct language. To the 
extent there are any conflic ts between these guidelines and the contra ct language, the contra ct 
language will control. Please refer to the member's contra ct benefits in effec t at the time of 
service to determine coverage or non-coverage of these services as it applies to an individual 
member.  
 
Some sta te or federal mandates (e.g., Federal Employee Program [FEP]) prohibits plans from 
denying Food and Drug Administration (FDA)-approved technologies as investigational. In these 
instances, plans may have to consider the covera ge eligibility of FDA-approved technologies on 
the basis of medic al necessity alone. 
 

Regulatory Status 
 
Clinic al laboratories may develop and validate tests in-house and market them as a laboratory 
service; laboratory-developed tests must meet the general regulatory standards of the Clinic al 
Laboratory Improvement Amendments. Thyroid variant testing and gene expression classifiers are 
available under the auspices of the Clinic al Laboratory Improvement Amendments. Laboratories 
that offer laboratory-developed tests must be licensed by the Clinic al Laboratory Improvement 
Amendments for high-complexity testing. To date, the U.S. Food and Drug Administration has 
chosen not to require any regulatory review of this test. 
 
In 2013, the THxID™-BRAF kit (bioMérieux), an in vitro diagnostic device, was approved by the Food 
and Drug Administration through the premarket approval process to assess specific BRAF variants 
in melanoma tissue via real-time PCR. However, there are currently no diagnostic tests for thyroid 
c ancer mutation analysis with approval from the Food and Drug Administration. Table 2 provides a 
summary of commercially available molecular diagnostic tests for indeterminate thyroid 
pathology. 
 
Table 2. Summary of Molecular Tests for Indeterminate Thyroid Cytopathology FNA Specimens 

Test Predicate Methodology Analyte(s) Report 
Afirma® GSC Afirma®GEC mRNA gene 

expression 
 1,115 genes Benign/suspicious 

Afirma® BRAF   mRNA gene 
expression 

1 gene Negative / positive 

Afirma® MTC   mRNA gene 
expression 

  Negative / positive 

ThyroSeq v3 ThyroSeq v2 Next-
generation 
sequencing 

112 genes Specific gene 
variant / transloc ation 

ThyGeNEXT® ThyGenX®a, miRInfor
m®a 

Next-
generation 
sequencing 

10 genes 
and 
32 gene 
fusions 

Specific gene 
variant / transloc ation 

ThyraMIR™   microRNA 
expression 

10 
microRNAs 

Negative / positive 

RosettaGX™ Reveal   microRNA 
expression 

24 
microRNAs 

•    Benign 
•    Suspicious for malignancy 
•    High risk for medullary 
c arcinoma 

FNA: fine needle aspirate; mRNA: messenger RNA. PCR: polymerase chain reaction. 
a The miRInform® test is the predic ate test to ThyGenX™ and is not commercially available. 
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Rationale 
 
Background 
Thyroid Nodules 
Thyroid nodules are c ommon, present in 5% to 7% of the U.S. adult population; however, most are 
benign, and most c ases of thyroid c ancer are curable surgic ally when detected early. 
 
Diagnosis 
Sampling thyroid cells by fine needle aspirate (FNA) is currently the most a c curate procedure to 
distinguish benign thyroid lesions from malignant ones, reducing the rate of unnecessary thyroid 
surgery for patients with benign nodules and triaging patients with thyroid c ancer to appropriate 
surgery. 
 
About 60% to 70% of thyroid nodules are classified cytologic ally as benign, and 4% to 10% of 
nodules are cytologic ally deemed malignant.1 However, the remaining 20% to 30% have 
equivoc al findings, usually due to overlapping cytologic features between benign and malignant 
nodules; these nodules usually require surgery for a final diagnosis. Thyroid FNA cytology is 
classified by Bethesda System criteria into the following groups: nondiagnostic; benign; follicular 
lesion of undetermined signific ance (FLUS) or atypia of undetermined signific ance (AUS); follicular 
neoplasm (or suspicious for follicular neoplasm); suspicious for malignancy; and malignant. Lesions 
with FNA cytology in the atypia of undetermined signific ance or follicular neoplasm of 
undetermined signific ance or follicular neoplasm c ategories are often considered indeterminate. 
 
Management 
There is some individualization of management for patients with FNA-indeterminate nodules, but 
many patients will require a surgic al biopsy, typic ally thyroid lobec tomy, with intraoperative 
pathology. Consulta tion would typic ally be the next step in diagnosis. Ap proximately 80% of 
patients with indeterminate cytology undergo surgic al resec tion; postoperative evaluation has 
revealed a malignancy rate ranging from 6% to 30%, making this a clinic al process with very low 
specificity.2 Thus, if analysis of FNA samples c ould reliably identify the risk of malignancy as low, 
there is potential for patients to avoid surgic al biopsy. 
 
Preoperative planning of optimal surgic al management in patients with equivoc al cytologic results 
is challenging, bec ause different thyroid malignancies require different surgic al procedures (e.g., 
unila teral lobectomy vs total or subtotal thyroidectomy with or without lymph node dissec tion) 
depending on several fa ctors, including histologic subtype and risk-stratification strategies (tumor 
size, patient age). If a diagnosis c annot be made intraoperatively, a lobec tomy is typic ally 
performed, and, if on postoperative histology the lesion is malignant, a second surgic al 
intervention may be necessary for c ompletion thyroidectomy. 
 
Thyroid Cancer 
Most thyroid c ancers originate from thyroid follicular cells and include well-differentiated papillary 
thyroid c arcinoma (PTC; 80% of all thyroid c ancers) and follicular c arcinoma (15%). Poorly 
differentiated and anaplastic thyroid c arcinomas are uncommon and c an arise de novo or from 
preexisting well-differentiated papillary or follicular c arcinomas. Medullary thyroid c arcinoma 
originates from parafollicular or C cells and a c counts for about 3% of all thyroid c ancers. 
 
The diagnosis of malignancy in the c ase of PTC is primarily based on cytologic features. If FNA in a 
c ase of PTC is indeterminate, surgic al biopsy with intraoperative pathology consulta tion is most 
often diagnostic, although its effic a cy and therefore its use will vary a cross institutions, surgeons, 
and pathologists. In 2016, reclassific ation of enc apsulated follicular-variant PTC as a noninvasive 
follicular tumor with papillary-like nuclei was proposed and largely adopted; this classific ation 
removes the word c arcinoma from the diagnosis to a cknowledge the indolent behavior of these 
tumors.3 
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For follicular c arcinoma, the presence of invasion of the tumor c apsule or blood vessels is 
diagnostic, and c annot be determined by cytology, bec ause tissue sampling is necessary to 
observe these histologic chara cteristics. Intraoperative diagnosis of follicular c arcinoma is 
challenging and often not feasible bec ause extensive sampling of the tumor and c apsule is 
usually necessary and performed on postoperative, permanent sec tions. 
 
New approa ches for improving the diagnostic a c cura cy of thyroid FNA include variant analysis for 
somatic genetic alterations, to more a c curately classify which patients need to proceed to 
surgery (and may include the extent of surgery necessary), and a gene expression classifier to 
identify patients who do not need surgery and c an be safely followed. 
 
Genetic Variants Associated with Thyroid Cancer 
A number of genetic variants have been discovered in thyroid c ancer. The most common 4 gene 
variants are BRAF and RAS single nucleotide variants (SNVs) and RET/PTC and 
rearrangements. 
 
Papillary c arcinomas c arry SNVs of the BRAF and RAS genes, as well as RET/PTC and TRK 
rearrangements, all of which c an a ctivate the mitogen-a ctivated protein kinase pathway.4 These 
mutually exclusive variants are found in more than 70% of papillary c arcinomas.4 BRAF SNVs are 
highly specific for PTC. Follicular c arcinomas harbor either RAS SNVs or 
rearrangements. These variants have been identified in 70% to 75% of follicular c arcinomas.4 
Genetic alterations involving the PI3K/AKT signaling pathway also oc cur in thyroid tumors, 
although they are rare in well-differentiated thyroid c ancers and have a higher prevalence in less 
differentiated thyroid c arcinomas.4 Additional variants known to oc cur in poorly differentiated and 
anaplastic c arcinomas involve the TP53 and CTNNB1 genes. Medullary c arcinomas, which c an be 
familial or sporadic, frequently possess SNVs loc ated in the RET gene. 
 
Studies have evaluated the association between various genes and c anc er phenotype in 
individuals with diagnosed thyroid c ancer.5-7 
 
Telomerase reverse transcriptase (TERT) promoter variants oc cur with varying frequency in different 
thyroid c ancer subtypes. Overall, TERT C228T or C250T variants have been reported in 
approximately 15% of thyroid c ancers, with higher rates in the undifferentiated and anaplastic 
subtypes c ompared with the well-differentiated subtypes.8 TERT variants are associated with 
several demographic and histopathologic features such as older age and advanced TNM stage. 
TERT promoter variants have been reported to be independent predictors of disease recurrence 
and c ancer-related mortality in well-differentiated thyroid c ancer.9-11 Also, the co-oc currence of 
BRAF or RAS variants with TERT or TP53 variants may identify a subset of thyroid c ancers with 
unfavorable outcomes.12-14  
 
Molecular Diagnostic Testing 
Variant Detection and Rearrangement Testing 
SNVs in specific genes, including BRAF, RAS, and RET, and evaluation for rearrangements 
associated with thyroid c ancers c an be a c complished with Sanger sequencing or 
pyrosequencing or with real-time polymerase chain rea c tion (PCR) of single or multiple genes or 
by next-generation sequencing (NGS) panels. Panel tests for genes associated with thyroid 
c ancer, with varying compositions, are also available. For example, Quest Diagnostics offers a 
Thyroid Cancer Mutation Panel, which includes BRAF and RAS variant analysis and testing for 
RET/PTC and rearrangements. 
 
The ThyroSeq v.2 Next-Generation Sequencing panel (CBLPath) is an NGS panel of more than 60 
genes. Ac c ording to the CBLPath’s website, the test is indic ated when FNA cytology suggests 
atypia of uncertain signific ance or follicular lesion of undetermined significance, follicular 
neoplasm or suspicious for follicular neoplasm, or suspicious for malignancy.15 In particular, it has 
been evaluated in patients with follicular neoplasm and /or suspicious for follicular neoplasm on 
FNA as a test to increase both sensitivity and specificity for c ancer diagnosis. 
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ThyGenX is an NGS panel that sequences 8 genes and identifies specific gene variants and 
transloc ations associated with thyroid c ancer. ThyGenX is intended to be used in conjunction with 
the ThyraMIR microRNA expression test when the initial ThyGenX test is negative. 
 
Gene Expression Profiling 
Genetic alterations associated with thyroid c ancer c an be assessed using gene expression 
profiling, which refers to the analysis of messenger RNA (mRNA) expression levels of many genes 
simultaneously. Several gene expression profiling tests are available and stratify tissue from thyroid 
nodules biologic ally. 
 
The Afirma Gene Expression Classifier (Afirma GEC; Vera cyte) analyzes the expression of 142 
different genes to determine patterns associated with benign findings on surgic al biopsy. It is 
designed to evaluate thyroid nodules that have an “ indeterminate ” classific ation on FNA as a 
method to select patients (“rule out ”) who are at low risk for c ancer. 
 
Other gene expression profiles have been reported in investigational settings, but have not been 
widely validated or used commercially (e.g., Barros-Filho et al [2015],16 Zheng et al [2015]17); they 
are not addressed in this review. 
 
ThyraMIR is a microRNA expression based classifier intended for use in thyroid nodules with 
indeterminate cytology on FNA following a negative result from the ThyGenX Thyroid Oncogene 
Panel. 
 
Algorithmic Testing 
Algorithmic testing involves the use of 2 or more tests in a prespecified sequence, with a 
subsequent test automatic ally obtained depending on results of an earlier test. 
 
Algorithmic Testing Using Afirma GEC with Afirma MTC and Afirma BRAF 
In addition to Afirma GEC, Vera cyte also markets 2 “malignancy classifiers” that use mRNA 
expression-based classific ation to evaluate for BRAF variants (Afirma BRAF) or variants associated 
with medullary thyroid c arcinoma (Afirma MTC). Table 1 outlines the testing algorithms for Afirma 
MTC and Afirma BRAF. 
 
Table 1. Afirma MTC and Afirma BRAF Testing Algorithms 

Test 1 Test 1 Result Reflex to Test 2 
Thyroid nodule on fine needle aspirate “Indeterminate ” Afirma MTC 
Afirma GEC “Malignant” or “suspicious” Afirma MTC 
Afirma GEC “Suspicious” Afirma BRAF 

 
In a description of the Afirma BRAF test, the following have been proposed as benefits of the 
mRNA-based expression test for BRAF variants: (1) PCR-based methods may have low sensitivity, 
requiring that a large proportion of the nodule have a relevant variant; (2) testing for only 1 variant 
may not detect patients with low-frequency variants that result in the same pattern of pathway 
a ctivation; and (3) PCR-based approa ches with high analytic sensitivity may require a large of 
amount of DNA that is difficult to isolate from small FNA samples.18 
 
The testing strategy for both Afirma MTC and Afirma BRAF is to predict malignancy from an FNA 
sample with increased pretest probability for malignancy. A positive result with Afirma MTC or 
Afirma BRAF would inform preoperative planning such as planning for a hemi- vs a total 
thyroidectomy or performance of a central neck dissection.  
 
Algorithmic Testing Using ThyGenX and ThyraMIR 
The ThyGenX Thyroid Oncogene Panel (Interpa ce Diagnostics; testing done at Asuragen Clinic al 
Laboratory) is an NGS panel designed to assess p atients with indeterminate thyroid FNA results. It 
includes sequencing of 8 genes associated with PTC and follicular c arcinomas. ThyGenX has 
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repla ced the predic ate miRInform Thyroid test that assesses for 17 validated gene alterations.  
 
ThyraMIR (Interpa ce Diagnostics) is a microRNA expression based classifier intended for use in 
thyroid nodules with indeterminate cytology on FNA following a negative result from the ThyGenX 
Thyroid Oncogene Panel.  
 
The testing strategy for c ombined ThyGenX and ThyraMIR testing is first to predict malignancy. A 
positive result on ThyGenX would “rule in” patients for surgic al resection. The specific testing results 
from a ThyGenX positive test would be used to inform preoperative planning when positive. For a 
ThyGenX negative result, the reflex testing involves the ThyraMIR microRNA expression test to “rule 
out ” for a surgical biopsy procedure given the high negative predictive value of the second test. 
Patients with a negative result from the ThyraMIR test would be followed with a ctive surveillance 
and avoid a surgic al biopsy. 
 
Literature Review 
Evidence reviews assess whether a medic al test is clinic ally useful. A useful test provides 
information to make a clinic al management decision that improves the net health outcome. That 
is, the balance of benefits and harms is better when the test is used to manage the condition than 
when another test or no test is used to manage the condition. 
 
The first step in assessing a medic al test is to formulate the clinic al context and purpose of the test. 
The test must be technically reliable, clinic ally valid, and clinic ally useful for that purpose. Evidence 
reviews assess the evidence on whether a test is clinic ally valid and clinic ally useful. Technic al 
reliability is outside the scope of these reviews, and credible information on technic al reliability is 
available from other sources. 
 
Molecular Tests to Rule Out Malignancy 
Clinical Context and Test Purpose 
One purpose of molecular testing in individuals with indeterminate findings on fine needle 
aspirate(s) (FNA) of thyroid nodules is to rule out malignancy and eliminate the need for surgic al 
biopsy or resec tion. 
 
The relevant question addressed in this evidence review is: Does molecular testing appropriately 
eliminate the need for surgic al biopsy or resection and lead to improved health outcomes? 
 
The following PICOs were used to selec t literature to inform this review. 
 
Patients 
The relevant population of interest are individuals with indeterminate findings on FNAs of thyroid 
nodules who would be willing to undergo watchful waiting, depending on the results of their 
molecular testing. Patients with indeterminate findings after FNA of thyroid nodule presently 
proceed to surgic al biopsy or resec tion. 
 
Interventions 
The test being considered is molecular testing, which includes either Afirma Gene Sequencing 
Classifier(GSC) (predic ate Afirma Gene Expression Classifier [GEC]) or RosettaGX Reveal. 
 
Comparators 
The following pra ctice is currently being used: standard surgic al management through surgic al 
biopsy or resec tion for biopsy. 
 
Outcomes 
The potential beneficial outcome of primary interest would be avoiding an unneeded surgic al 
biopsy or resec tion (e.g., lobec tomy or hemithyroidectomy) in a true-negative thyroid nodule that 
is benign. 
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Potential harmful outcomes are those resulting from false-negative test results, which may delay 
diagnosis and surgic al resection of thyroid c ancer. For small, slow-growing tumors, it is uncertain 
that a delay in diagnosis would necessarily worsen health outcomes. 
 
The time frame for evaluating the performance of the test is the time from the initial FNA to surgic al 
biopsy or resec tion measured in weeks to months following an indeterminate result. Papillary 
thyroid c ancer (PTC) is indolent, and a nodule could be observed for many years to ensure no 
clinic al change. 
 
Afirma GSC 
Technically Reliable 
Assessment of technic al reliability focuses on specific tests and operators and requires a review of 
unpublished and often proprietary information. Review of specific tests, operators, and 
unpublished data are outside the scope of this evidence review, and alternative sources exist. This 
evidence review focuses on the clinical validity and clinic al utility. 
 
Clinically Valid 
A test must detect the presence or absence of a condition, the risk of developing a condition in 
the future, or treatment response (beneficial or a dverse). 
 
Prospective Clinical Validation 
Patel et al (2018) reported a validation study for the Afirma GSC test. The study included 210 
thyroid nodules from 183 patients that had indeterminate results (Bethesda III or IV) on FNA, see 
Table 3.19, All FNA samples had been previously used in the validation of the Afirma GEC test as 
reported by Alexander et al (2012) in a 19-month, prospective, multicenter (49 a c ademic and 
community sites) study.20, A total of 4812 nodules were screened for inclusion with centralized 
cytopathology. Loc al pathology reports of the cytologic diagnosis were collec ted for all patients, 
and reports without a definitive benign or malignant diagnosis at the loc al site were reviewed by 
three expert cytopathologists, who reclassified them as atypic al, follicular neoplasm, or suspicious 
for a follicular neoplasm, or suspicious for malignancy. Of all nodules screened, 577 (12%) were 
considered indeterminate after central review, and 413 of those had tissue pathology available 
for a blinded histopathalogic al reference standard. After exclusion of 25 used for test validation 
and those without a valid GEC result, 265 indeterminate FNA samples were evaluated with the 
Afirma GEC. Of the 265 samples, 85 nodules were malignant; the GEC correctly identified 78 of the 
85 as suspicious (92% sensitivity; 95% confidence interval [CI], 84% to 97%). Specificity was 52% (95% 
CI, 44% to 59%). The negative predictive value (NPV) ranged from 85% for "suspicious cytologic 
findings" to 95% for "atypia of undetermined clinical signific ance." Seven FNAs had false-negative 
results, six of which were thought to be due to hypocellular aspirate specimens. 
 
The study reported by Patel et al (2018) used the banked samples which were reassayed 
with next-generation sequencing (NGS) for the Afirma GSC validation study.19,  The previous 
central, blinded postoperative consensus histopathologic al diagnosis was used as the reference 
standard (210 samples) and all personnel were blinded to the other outcomes. The sensitivity of 
the Afirma GSC study was 91.1% with a specificity of 68.3%  and NPV of 96.1% (95% CI90 to 99)(see 
Table 4). There were four false negatives in patients with malignant nodules who would have been 
assigned for a ctive observation. With a sensitivity that was similar to the Afirma GEC test, the 
specificity was improved with Afirma GSC. There were no notable study limita tions. 
 
Table 3 Study Characteristics for Afirma GSC 
Study Study 

Population 
Design Reference 

Standard 
Threshold for 
Positive 
Index Test 

Timing of 
Reference and 
Index Tests 

Blinding of 
Assessors 

Commentb 

Patel et 
al 
(2018)19, 

183 patients 
with 210 
indeterminate 
thyroid 

Multicenter, Non-
concurrent 
prospec tive 
validation trial 

 Consensus 
histopathology 
diagnosis 

   Central, blinded 
histopathologic a
l review from 
Alexander et al 
(2012) 

 Assessors 
were 
blinded to 
the 
pathology 

Samples were 
previously 
used to 
validate 
Afirma GEC 
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Study Study 
Population 

Design Reference 
Standard 

Threshold for 
Positive 
Index Test 

Timing of 
Reference and 
Index Tests 

Blinding of 
Assessors 

Commentb 

nodules by 
FNA 

FNA: Fine needle aspirate; Afirma GEC: gene expression classifier; Afirma GSC: gene sequencing classifier. 
 
Table 4. Clinical Validity for Afirma GSC 

Study Initial Final N Excluded 
Samples 

Prevalence 
of Condition 

Clinical Validity 
(95% Confidence Interval) 

          Sensitivity Specificity PPV NPV 
Patel et al 
(2018)19, 
  

 210 nodules  191 
nodules 

 19 with 
insufficient 
residual RNA 

   91.1 (79 to 
98) 

 68.3 (60 to 
76) 

 47.1 (36 
to 58) 

 96.1 (90 
to 99) 

Afirma GSC: gene sequencing classifier; NPV: negative predic tive value; PPV: positive predic tive value. 
 
Retrospective Clinical Validation 
Santhanam et al (2016) c onducted a meta-analysis of studies reporting on the performance of the 
predic ate Afirma GEC in cytologic ally indeterminate nodules.21,Seven studies met inclusion criteria, 
which required that studies reported on the use of the Afirma GEC in nodules found indeterminate 
on FNA (including atypia of uncertain signific ance [AUS] or follicular lesion of undetermined 
signific ance [FLUS]; suspicious for follicular or Hürthle cell neoplasm; suspicious for malignancy), 
and thyroidectomy was performed as a reference standard in at least the c ases where the index 
test was suspicious. All studies were judged to be a t low-risk of bias for patient selec tion and most 
for GEC test selec tion, whereas the risk of bias in the final histopathology was low in three studies, 
unclear in three studies, and high in one study. Although the authors reported pooled results, these 
results (particularly specificity) were likely biased given the la ck of reference standard diagnosis for 
most lesions in the included studies (see the following sec tion and Table 3). 
 
Retrospective multicenter and single-center studies, including Harrell and Bimston (2014),22, Lastra 
et al (2014),23, McIver et al (2014),24, Yang et al (2016),25, Witt (2016),26, Ba c a et al (2017),27, Harrison 
et al (2017),28, Kay-Rivest et al (2017),29,Hang et al (2017),30, Samulski et al (2016)31,and Angell et al 
(2015)32, have reported on the diagnostic ac cura cy of the Afirma GEC and Afirma GSC. All studies 
were subjec t to ascertainment bias bec ause a large proportion of individuals, with Afirma benign 
reports, did not undergo surgery, which made determining the sensitivity and specificity of the 
GEC assay impossible. However, the rates of malignancy among patients with Afirma benign 
results who did undergo surgery were consistently low. One exception is the study by Harrell and 
Bimston (2014); it may be reflec tive of a higher-than-usual overall rate of malignancy in patients 
with indeterminate FNA results. Harrell et al (2019) reported a retrospective comparison of Afirma 
GEC (2011 to July 2017) and Afirma GSC ( August 2017 through June 2018) for indeterminate 
FNA.33, GSC identified fewer indeterminate nodules as suspicious (54/139, 38.8%) c ompared to 
GEC (281/481, 58.4%) and led to a lower surgery rate, decreasing from 56% in the GEC group to 
31% in the GSC group. 
 
There are limited data on the true-negative rates of individuals with indeterminate FNA cytology 
and Afirma GEC benign results. Supportive information on the a c cura cy Afirma GEC benign results 
c an be obtained from studies that have reported on long-term follow-up of individuals with 
indeterminate FNA cytology and Afirma GEC benign results. Angell et al (2015) retrospectively 
compared clinic al outcomes for individuals who had indeterminate FNA cytology and Afirma GEC 
benign results with individuals who had cytologic ally benign nodule results.32, A total of 95 
cytologic ally indeterminate and Afirma GEC benign nodules in 90 patients were compared with 
1224 cytologic ally benign nodules identified from a single-center, prospectively collec ted 
database. Five nodules in the cytologic ally indeterminate were resec ted; of the remaining 90 
nodules, 58 (64.4%) had follow-up ultrasound available at a median of 13 months postdiagnosis. 
When nodule growth was defined by a volume increase of 50% or more, 17.2% cytologic ally 
indeterminate /Afirma GEC benign were considered to have grown comp ared with 13.8% of 
cytologic ally benign nodules (p=0.44). Surgic al resec tion was more common in cytologic ally 
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indeterminate and Afirma GEC benign nodules (13.8% vs 0.9%, p<0.001). Sipos et al (2016) 
retrospectively analyzed nonac ademic medic al pra ctices using the Afirma GEC to determine the 
long-term nonoperative rate of thyroid nodules with benign results.34, Of the patients with Afirma 
benign results during 36 months of follow-up, 17.3% underwent surgery. Eighty-eight percent of all 
surgeries were performed within the first two years after a benign Afirma GEC result. 
 
Deaver et al (2018) retrospectively reviewed the performance of  Bethesda c ategory III and IV 
thyroid nodules and Afirma GEC results from over 5 years.35, The duration of follow-up of 73 patients 
with FNA indeterminate / GEC benign nodules was 46 months (range, 8 to 76 months) for Bethesda 
III /GEC Benign nodules and 62 months (range, 11 to 74 months) for Bethesda IV/GEC Benign 
nodules. Five of the cohort (6.8%) underwent surgery over the follow-up period with a single c ase 
of incidental microc arcinoma, indic ating that GEC Benign nodules remained benign. 
 
Clinically Useful 
A test is clinic ally useful if the use of the results informs management decisions that improve the net 
health outcome of c are. The net health outcome c an be improved if patients receive correc t 
therapy, or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing. 
 
Direct Evidence 
Direc t evidence of clinical utility is provided by studies that have compared health outcomes for 
patients managed with and without the test. Bec ause these are intervention studies, the preferred 
evidence would be from randomized c ontrolled trials. 
 
No evidence directly demonstrating improved outcomes in patients managed with the Afirma 
GEC was identified. 
 
Chain of Evidence 
Indirect evidence on clinic al utility rests on clinic al validity. If the evidence is insufficient to 
demonstrate test performance, no inferences c an be made about clinic al utility. 
Bec ause no direc t evidence of utility was identified, a chain of evidence was developed, which 
addresses two key questions: 

1. Does use of the Afirma GEC in individuals with cytologic ally indeterminate thyroid nodules 
change clinical management (in this c ase, reduc ed thyroid resections)? 

2. Do those management changes improve outcomes? 
 

Changes in Management 
The clinic al setting in which the Afirma GEC is meant to be used is well-defined: individuals 
with AUS or FLUS or follicular neoplasm or who are suspicious for follicular neoplasm (SFN) on FNA, 
who do not have other indic ations for thyroid resection (i.e., in whom the GEC results would play a 
role in surgic al decision making). Decision impa ct studies, most often reporting on clinic al 
management changes but not on outcomes after surgic al decisions were made, have suggested 
that, in at least some c ases, surgic al decision making changed. These studies are 
described briefly. 
 
Duick et al (2012) reported on the impa ct of Afirma GEC test results on physician and patient 
decision making to resec t thyroid nodules with indeterminate cytology and Afirma GEC benign 
results in a sample of 395 nodules from 368 patients.36, Surgery was performed in 7.6% of the 
patients with indeterminate cytology and a benign GEC result, less than the historic al rate of 
thyroid resection (74%) in patients with indeterminate cytology. 
 
Two studies (Aragon Han et al [2014],37, Noureldine et al [2015]38,) evaluated the potential for the 
Afirma GEC test to change surgic al decision making by comparing a ctual surgic al decision 
making when Afirma GEC was used to predic t surgic al decision making based on a management 
algorithm. In both, surgic al decision making was estimated to change in at least some proportion 
of patients (10%-15%). 
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Abeykoon et al (2016) studied the impa ct of implementing Afirma GEC at a single center.39, 
Surgic al recommendations for patients with indeterminate thyroid nodules decreased from 81.5% 
pre-Afirma GEC to 50% post-Afirma GEC. The rate of malignant surgic al pathology diagnosis 
increased from 20% pre-Afirma GEC to 85.7% post-Afirma. The implementation of Afirma GEC 
decreased the number of surgic al recommendations and increased the rate of malignancy 
detected for patients who received a surgic al biopsy. 
 
Chaudhary et al (2016) studied the impa ct on surgic al outcomes pre- and postimplementation of 
Afirma GEC.40, A total of 158 FNAs were sent for Afirma GEC with 73 suspicious and 8 benign Afirma 
c ases going for surgeries. Compared with before implementation of Afirma GEC, the rate for 
surgic al biopsy decreased from 61% to 54% but was not statistic ally significant. In the SFN, the rate 
of surgic al biopsy signific antly decreased from 76% to 52%. 
 
Improved Outcomes 
A simplified decision model was developed for use with Afirma GEC in individuals with 
cytologic ally indeterminate FNA samples. It is shown in Appendix Figure 1. It is assumed that when 
Afirma GEC is not used, p atients with cytologic ally indeterminate FNA results undergo thyroid 
resection. When Afirma GEC is used, those with Afirma suspicious lesions undergo resection, while 
those who have Afirma benign lesions do not. In this c ase, compared with the standard c are plan, 
some patients without c ancer will have avoided a biopsy, which is weighed against the small 
increase in missed c ancers, in patients who had cancer but tested as Afirma benign. 
 
Assuming that the rate of c ancer in cytologic ally indeterminate thyroid nodules is approximately 
20%,41, in the standard c are plan, 80% of patients with cytologic ally indeterminate FNA samples will 
undergo an unnecessary biopsy. Applying the test chara cteristic values from Alexander et 
al (2012),20, it is estimated that approximately 1.6% of individuals with true c ancer would be missed, 
but approximately 38%, instead of 80%, would undergo unneeded surgery. 
 
Whether the tradeoff between avoiding unneeded surgeries and the potential for missed c ancer 
is worthwhile depends, in part, on patient and physician preferences. However, some general 
sta tements may be made by considering the consequences of a missed malignancy and the 
consequences of unnec essary surgery. Most missed malignancies will be PTCs, which have an 
indolent course. Thyroid nodules are amenable to ongoing surveillance (clinic al, ultrasound, and 
with repeat FNAs), with minimal morbidity. 
 
Thyroid resec tion is a relatively low-risk surgery. However, the consequences of surgery c an be 
profound. Patients who undergo a hemi- or subtotal thyroidectomy have a risk of recurrent 
laryngeal nerve damage and parathyroid gland loss. The standard of c are for thyroid nodules is 
based on an intervention that is stratified by FNA cytology results, which are grouped into 
c ategories with differing prognosis. Avoiding invasive surgery in situations where patients are at 
very low likelihood of having an invasive tumor is likely beneficial. Among the low-risk population, 
the alternative to surgic al biopsy is ongoing a ctive surveillance. 
 
RosettaGX Reveal 
Technically Reliable 
Assessment of technic al reliability focuses on specific tests and operators and requires a review of 
unpublished and often proprietary information. Review of specific tests, operators, and 
unpublished data are outside the scope of this evidence review, and alternative sources exist. This 
evidence review focuses on the clinical validity and clinic al utility. 
 
Clinically Valid 
A test must detect the presence or absence of a condition, the risk of developing a condition in 
the future, or treatment response (beneficial or a dverse). 
 
Lithwick-Yanai et al (2017) described the development and initial clinic al validation of the 
RosettaGX Reveal quantitative real-time polymerase chain rea ction assay for 24 microRNA 
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samples in a multicenter, retrospective cohort study using 201 FNA smears.42, The results of the 
clinic al validation study are reported in Table 5. 
 
Table 5. Clinical Validity for RosettaGX Reveal 

Study Initial N Final N Excluded 
Samples 

Prevalence 
of 
Condition 

Clinical Validity 
(95% Confidence Interval) 

          Sensitivity Specificity PPV NPV 
Lithwick-
Yanai et 
al (2017) 42, 
  

 201 
FNA 
smears 

 189 
passing 
QC 

 12    85 (74 to 
93) 

 72 (63 to 
79) 

 NR  91 (84 
to 96) 

    150 with 
consensus 
agreement 

    98 (87 to 
100) 

78 (69 to 
85) 

NR 99 (94 
to 100) 

FNA: fine needle aspirate; NPV: negative predic tive value; NR: not reported; PPV: positive predictive 
value; QC: quality control. 
 
Walts et al (2018) reported a blinded evaluation of RosettaGX Reveal in 81 archived FNA smears 
that had Afirma GEC results and histopathology.43, Afirma GEC had been requested following 
indeterminate FNA and had classified 74 nodules as suspicious and 7 as benign. The 81 patients 
underwent surgery based on Afirma GEC results or clinic al fa ctors. The final diagnosis from 
histopathology was 63 benign and 18 malignant thyroid nodules. Reveal classified 14 of the 18 
malignant nodules as suspicious for a sensitivity of 77.8% and specificity of 60.3%. 
 
No prospective clinic al studies for RosettaGX Reveal were identified. 
 
Clinically Useful 
Direct Evidence 
No evidence directly demonstrating improved outcomes in patients managed with the RosettaGX 
Reveal was identified. 
 
Chain of Evidence 
Indirect evidence on clinic al utility rests on clinic al validity. If the evidence is insufficient to 
demonstrate test performance, no inferences c an be made about clinic al utility. 
 
Section Summary: Molecular Tests to Rule Out Malignancy 
In a multicenter validation study, Afirma GSC was reported to have a high (NPV 96%; 95% C I, 90%-
99%). These results are consistent with an earlier study on the Afirma GEC in the same study 
population. In other multicenter and single-center studies, there is suggestive evidence that rates 
of malignancy are low in Afirma patients who are classified as benign, but the exa ct NPV is 
unknown. The available evidence suggests that physician decision making about surgery is altered 
by Afirma GSC results, however, it should be noted that long-term follow-up of patients with thyroid 
nodules who avoided surgery based on GEC results is limited. A chain of evidence c an be 
constructed to establish the potential for clinic al utility with Afirma GSC testing in cytologic ally 
indeterminate lesions, but there is only a single study with the currently marketed test reporting a 
true NPV. Clinic al input, obtained in 2017, supported the use of the predic ate Afirma GEC in FNA 
of thyroid nodules with indeterminate cytologic findings (i.e., Bethesda diagnostic c ategory III 
[atypia /follicular lesion of undetermined signific ance] or Bethesda diagnostic c ategory IV 
[follicular neoplasm /suspicion for a follicular neoplasm]) to rule out malignancy and to avoid 
surgic al biopsy. 
 
For the RosettaGX Reveal test, two retrospective clinic al validation studies have been reported. 
No prospective studies for patients managed with the RosettaGX Reveal were identified, so the 
clinic al validity remains uncertain. 
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Molecular Tests To Rule In Malignancy 
Clinical Context and Test Purpose 
The purpose of testing for molecular markers (e.g., single nucleotide variants and gene 
rearrangements) in individuals with indeterminate findings on FNA of thyroid nodules is to rule 
in malignancy and to guide surgic al approa ch or management. 
 
The relevant question addressed in this evidence review is: Does testing for molecular markers 
predic t malignancy and alter surgic al approa ch or management and lead to improved health 
outcomes? 
 
The following PICOTS were used to selec t literature to inform this review. 
 
Patients 
The relevant population of interest are individuals with indeterminate findings on FNA(s) of thyroid 
nodules. Patients with indeterminate findings would presently proceed to surgic al biopsy perhaps 
with intraoperative pathology consulta tion (i.e., intraoperative frozen sec tion) if available. 
 
Interventions 
The test being considered is testing for molecular markers (e.g., single nucleotide variants and 
gene rearrangements) with Afirma Braf and Afirma MTC to guide surgic al planning to ensure the 
c apability for intraoperative pathologic confirmation of malignancy to adjust to definitive surgery 
for initial resec tion if appropriate. 
 
Comparators 
The following pra ctices are currently being used: standard surgic al management through surgic al 
resection, including a two-stage surgic al biopsy (i.e., lobectomy) followed by definitive surgery 
(i.e., hemithyroidectomy or thyroidectomy). 
 
Outcomes 
The potential beneficial outcome of primary interest is appropriate surgic al planning in the 
preoperative period (e.g., hemithyroidectomy or thyroidectomy when malignancy is 
predicted). This has the potential benefit of reducing the likelihood of having the patient 
repeating surgery if a dia gnosis is not made on frozen pathology section during the initial surgery if 
lobectomy is done as a first procedure. 
 
Potential harmful outcomes are those resulting from false-positive results. However, the use of 
intraoperative confirmation of malignancy through frozen pathology section in patients with 
positive molecular marker testing would mitigate any risk of inappropriately performing more 
extensive thyroidectomy in the absence of malignancy. 
 
Timing 
The time frame for evaluating the performance of the test varies from the initial FNA 
to surgic al resec tion to weeks to months following an indeterminate result. 
 
Setting 
The primary setting would be in endocrinology. 
 
Gene Expression Classifiers to Predict Malignancy 
Technically Reliable 
Assessment of technic al reliability focuses on specific tests and operators and requires a review of 
unpublished and often proprietary information. Review of specific tests, operators, and 
unpublished data are outside the scope of this evidence review, and alternative sources exist. This 
evidence review focuses on the clinical validity and clinic al utility. 
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Clinically Valid 
A test must detect the presence or absence of a condition, the risk of developing a condition in 
the future, or treatment response (beneficial or a dverse). 
 
Less evidence exists on the validity of gene expression profiling to rule in malignancy (specific ally, 
the Afirma BRAF and Afirma MTC tests). Genetic variants c an be used to improve the sensitivity 
and specificity for diagnosing indeterminate FNA of the thyroid, with the goal of identifying 
variants that predic t malignancy in FNA samples. 
 
Fnais et al (2015) conducted a systematic review and meta-analysis of studies reporting on the test 
a c cura cy of BRAF variant testing in the diagnosis of PTC.44, Reviewers included 47 studies with 9924 
FNA samples. For all cytologic ally indeterminate nodules, the pooled sensitivity estimate for BRAF 
variant testing was 31% (95% CI, 6% to 56%). Among nodules suspicious for malignancy on FNA, the 
pooled sensitivity estimate for BRAF variant testing was 52% (95% CI, 39% to 64%; I2=77%). 
 
Afirma BRAF and Afirma MTC 
Diggans et al (2015), described the development and validation of the Afirma BRAF test, for a 
subset of 213 thyroid nodule FNA samples for which histopathology was available, Afirma BRAF test 
results were compared with pathologic findings.18,Afirma BRAF classified all histopathologic ally 
benign samples as BRAF V600E-negative (specificity, 100%; 95% CI, 97.4% to 100%). Of the 73 
histopathologic ally malignant samples, the Afirma BRAF test identified 32 as BRAF-positive 
(sensitivity, 43.8%; 95% CI, 32.2% to 55.9%). 
 
In a study describing the development and validation of the Afirma MTC classifier, Kloos et 
al (2016) evaluated the MTC classifier in a sample of 10488 thyroid nodule FNA samples referred for 
GEC testing.45, In this sample, 43 c ases were Afirma MTC-positive, of which 42 were considered to 
be clinic ally consistent with MTC on pathology or biochemic al testing, for a positive predic tive 
value (PPV) of 97.7% (95% CI, 86.2% to 99.9%). 
 
Genetic Variants Association With Tumor Behavior 
The presence of BRAF or TERT variants is strongly associated with malignancy in thyroid nodule FNA 
samples. BRAF or TERT variants have also been associated with more aggressive clinicopathologic 
features in individuals diagnosed with PTC. 
 
Adeniran et al (2011) assessed 157 c ases with equivoc al thyroid FNA readings (indeterminate and 
suspicious for PTC) or with a positive diagnosis for PTC and c oncomitant BRAF variant analysis.1, The 
results of histopathologic follow-up correlated with the cytologic interpretations and BRAF status. 
Based on the follow-up diagnosis after surgic al resection, the sensitivity for diagnosing PTC was 
63.3% with cytology alone and 80.0% with the combination of cytology and BRAF testing. No false-
positives were noted with either cytology or BRAF variant analysis. All PTCs with an extrathyroidal 
extension or aggressive histologic features were positive for a BRAF variant. The authors c oncluded 
that patients with an equivoc al cytologic diagnosis and a BRAF V600E variant could be 
c andidates for total thyroidectomy and central lymph node dissection. 
 
Xing et al (2009) investigated the utility of BRAF variant testing of thyroid FNA specimens for 
preoperative risk stratification of PTC in 190 patients.46,A BRAF variant in preoperative FNA 
specimens was associated with poorer clinicopathologic outcomes for PTC. Compared with the 
wild-type allele, a BRAF variant strongly predic ted extrathyroidal extension (23% vs 11%; p=0.039), 
thyroid c apsular invasion (29% vs 16%; p=0.045), and lymph node metastasis (38% vs 18%; p=0.002). 
During a median follow-up of 3 years (range, 0.6-10 years), PTC persistence or recurrence was 
seen in 36% of BRAF variant-positive patients and 12% of BRAF variant-negative patients, with an 
odds ratio (OR) of 4.16 (95% CI, 1.70 to 10.17; p=0.002). The PPV and NPV for preoperative FNA-
detected BRAF variant to predict PTC persistence or recurrence were 36% and 88%, respectively, 
for all histologic subtypes of PTC. The authors concluded that preoperative BRAF variant testing of 
FNA specimens might provide a novel tool to preoperatively identify PTC patients at higher risk for 
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extensive disease (extrathyroidal extension and lymph node metastases) and those more likely to 
manifest disease persistence or recurrence. 
 
Yin et al (2016) reported on a systematic review and meta-analysis evaluating TERT promoter 
variants and aggressive clinic al behaviors in PTC.47,Eight eligible studies (total n=2035 patients; 
range, 30-507) were included. Compared with wild-type, TERT promoter variant status was 
associated with lymph node metastasis (OR=1.8; 95% CI, 1.3 to 2.5; p=0.001), extrathyroidal 
extension (OR=2.6; 95% CI, 1.1 to 5.9; p=0.03), distant metastasis (OR=6.1; 95% CI, 3.6 to 10.3; 
p<0.001), advanced TNM stages III or IV (OR=3.2; 95% CI, 2.3 to 4.5; p<0.001), poor clinic al 
outcome (persistence or recurrence; OR=5.7; 95% CI, 3.6 to 9.3; p<0.001), and mortality (OR=8.3; 
95% CI, 3.8 to 18.2; p<0.001). 
 
Clinically Useful 
A test is clinic ally useful if the use of the results informs management decisions that improve the net 
health outcome of c are. The net health outcome c an be improved if patients receive correct 
therapy, or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing. 
 
Direct Evidence 
Direct evidence of clinical utility is provided by studies that have compared health outcomes for 
patients managed with and without the test. Bec ause these are intervention studies, the preferred 
evidence would be from randomized c ontrolled trials. 
 
Testing for specific variants associated with thyroid (e.g., BRAF V600E, TERT, and RET variants 
c ancer, RET/PTC and  rearrangements) is generally designed to "rule in" c ancer in 
nodules with indeterminate cytology on FNA.48, (Of note, some gene panels, such as the ThyroSeq 
panel, may have a high enough NPV that their clinic al use could also be c onsidered as a 
molecular marker to predic t benignancy; see next sec tion.) A potential area for clinic al utility for 
this type of variant testing would be in informing preoperative planning for thyroid surgery 
following initial thyroid FNA, such as planning for a hemi- vs a total thyroidectomy or performance 
of central neck dissec tion. 
 
In a retrospective analysis, Yip et al (2014) reported on outcomes after implementation of an 
algorithm incorporating molecular testing of thyroid FNA samples to guide the extent of initial 
thyroid resec tion.49,The study included a cohort of patients treated at a single a c ademic center at 
which molecular testing (BRAF V600E, BRAF K601E, NRAS c odon61, HRAS codon 61, and KRAS 
codon 12 and 13 single nucleotide variants; RET/PTC1, RET/PTC3,  
rearrangements) was prospectively obtained for all FNAs with indeterminate cytology (FLUS, 
follicular neoplasm, suspicious for malignancy), and for selec tive FNAs at the request of the 
managing physician for selec ted nodules with benign or nondiagnostic cytology. The study also 
included a second c ohort of patients who did not have molecular testing results available. For 
patients treated with a molecular diagnosis, a positive molecular diagnostic test was considered 
an indic ation for an initial total thyroidectomy. Patients with FLUS and negative molecular 
diagnostic results were followed with repeat FNA, followed by lobec tomy or total thyroidectomy if 
indeterminate pathology persisted. Patients with a follicular neoplasm or suspicious for malignancy 
results on cytology and a negative molecular diagnostic result were managed with lobectomy or 
total thyroidectomy. 
 
The sample included 671 patients, 322 managed with and 349 without molecular diagnostics. 
Positive molecular testing results were obtained in 56 (17% of those managed with molecular 
diagnostics) patients, most commonly RAS variants (42/56 [75%]), followed by BRAF V600E (10/56 
[18%]) and BRAF K601E (2/56 [4%]) variants, 
Compared with those managed without molecular diagnostics (63%), patients managed with 
molecular diagnostics (69%) were nonsignific antly less likely to undergo total thyroidectomy as an 
initial procedure (p=0.08). However, they had nonsignific antly higher rates of central compartment 
lymph node dissec tion (21% vs 15%, p=0.06). Across both cohorts, 25% (170/671) of patients had 
clinic ally signific ant thyroid c ancer, with no difference in thyroid c ancer rates based on the type 
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of initial surgery (26% for total thyroidectomy vs 22% for lobec tomy, p=0.3). The incidence of 
clinic ally signific ant thyroid c ancer after initial lobec tomy (ie, requiring a 2-stage surgery) was 
signific antly lower for patients managed with molecular diagnostics (17% vs 43%, p<0.001). An 
indeterminate FNA result had a sensitivity and specificity for the diagnostic of thyroid c ancer of 
89% and 27%, respectively, with a PPV of 29% and an NPV of 88%. The addition of molecular 
diagnostics to FNA results increased the specificity for a c ancer diagnosis to 95% and the PPV to 
82%. 
 
Chain of Evidence 
Indirect evidence on clinic al utility rests on clinic al validity. If the evidence is insuffic ient to 
demonstrate test performance, no inferences c an be made about clinic al utility. 
 
A task force from the Americ an Thyroid Association (2015) published a review with 
recommendations for the surgic al management of FNA-indeterminate nodules using various 
molecular genetic tests.50, This review reported on the estimated likelihood of malignancy in an 
FNA-indeterminate nodule depending on results of the Afirma GEC test (described above) and 
other panels designed to rule in malignancy. Depending on the estimated prebiopsy likelihood of 
malignancy, rec ommendations for surgery included observation, a ctive surveillance, repeat FNA, 
diagnostic lobec tomy, or oncologic thyroidectomy. 
 
Section Summary: Molecular Tests to Predict Malignancy 
The available evidence has suggested that the use of variant testing in thyroid FNA samples is 
generally associated with high specificity and PPV for clinic ally signific ant thyroid c ancer. The most 
direct evidence related to the clinic al utility of variant testing for genes associated with 
malignancy in thyroid c ancer comes from a single-center retrospective study that reported 
surgic al decisions and p athology findings in patients managed with and without molecular 
diagnostics. There is a potential clinical utility for identifying malignancy with higher certainty on 
FNA if such testing permits better preoperative planning at the time of thyroid biopsy, potentially 
avoiding the need for a separate surgery. A statement from the Americ an Thyroid Association 
provides some guidelines for surgeons managing patients with indeterminate nodules. However, 
adoption of these guidelines in pra ctice and outcomes associated with them is uncertain. 
 
Molecular Tests to Rule Out and Rule in Malignancy 
Clinical Context and Test Purpose 
The purpose of the ThyroSeq v3 test and the combined ThyGeNEXT Thyroid Oncogene Panel 
plus ThyraMIR microRNA classifier in individuals with indeterminate findings on FNA(s) of thyroid 
nodules is to predict malignancy and inform surgic al planning decisions with positive results using 
ThyroSeq v3 or the ThyGeNEXT, and if negative, to predict benignancy using ThyraMIR microRNA 
classifier to eliminate or necessitate the need for surgic al biopsy and guide surgic al planning. 
 
The relevant question addressed in this evidence review is: Does the ThyroSeq v3 test or the 
combined use of ThyGeNEXT and ThyraMIR appropriately eliminate or necessitate the need for 
surgic al resection or biopsy and lead to improved health outcomes? 
 
The following PICOs were used to select literature to inform this review. 
 
Patients 
The relevant population of interest includes individuals with indeterminate findings on FNA(s) of 
thyroid nodules. Patients with indeterminate findings presently proceed to surgic al resec tion. 
 
Interventions 
The tests being considered are either: (a) the ThyroSeq v3 test or (b) the combined ThyGeNEXT 
Thyroid Oncogene Panel and ThyraMIR microRNA classifier testing. 
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Comparators 
The following pra ctices are currently being used: surgic al biopsy and /or standard surgic al 
management through surgic al resec tion. 
 
Outcomes 
The potential beneficial outcomes of primary interest are using a true-negative result to avoid an 
unneeded surgic al biopsy or using a true-positive result to guide surgic al resec tion (e.g. , 
hemithyroidectomy or thyroidectomy). 
 
Potential harmful outcomes are those resulting from false-positive or false-negative test results. 
False-positive test results c an lead to unnecessary surgic al biopsy or resec tion and procedure-
related complic ations. False-negative test results c an lead to la ck of surgic al biopsy or resection 
for thyroid c ancer and delay in diagnosis. 
 
The time frame for evaluating the performance of the test varies from the initial FNA to surgic al 
resection to weeks to months following an indeterminate result. 
 
ThyroSeq v3 Test 
Technically Reliable 
Assessment of technic al reliability focuses on specific tests and operators and requires a review of 
unpublished and often proprietary information. Review of specific tests, operators, and 
unpublished data are outside the scope of this evidence review, and alternative sources exist. This 
evidence review focuses on the clinical validity and clinic al utility. 
 
Clinically Valid 
A test must detect the presence or absence of a condition, the risk of developing a condition in 
the future, or treatment response (beneficial or a dverse). 
 
Nikiforova et al (2018) reported on the performance of ThyroSeq v3 with 112 genes.51, The training 
sample included 238 surgic ally removed tissue samples consisting of 205 thyroid tissue samples 
representing all main types of benign and malignant tumors and nontumoral conditions. The 
validation sample included an independent set of 175 FNA samples of indeterminate cytology 
(see Table 6). Using the cutoff identified in the training set, the ThyroSeq v3 sensitivity was 98% (95% 
CI, 93% to 99%), specificity was 82% (95% CI, 72% to 89%), with ac cura cy of 91% (95% CI, 86% to 
94%) (see Table 7). 
 
Steward et al (2019) conducted a multicenter validation study of ThyroSeq v3 in 256 patients with 
an indeterminate FNA who had surgery with histopathology (see Table 6).52, Histopathology was 
reviewed by a central pathology panel and both cytologists and pathologists were blinded to the 
molecular results. For a benign result, ThyroSeq v3 had a sensitivity of 93%, a specificity of 81%, PPV 
of 68%, and NPV of 97% (see Table 7). Out of 152 test-negative samples, 5 (3%) were false- 
negatives.  There were 105 c ases with positive results, defined as c ancer or noninvasive follicular 
thyroid neoplasm with papillary-like features. Two nodules had high-risk TERT or TP53 variants (both 
positive for c ancer), 13 had variants in BRAF V600E or NTRK3, or BRAF, or RET  fusions (all positive for 
c ancer), and 60 nodules were positive for variants in RAS, BRAF K601E, PTEN, IDH2, or DICER1 or 
PPARF -THADA fusion (37 [62%] positive for c ancer). No major limita tions in study design and 
conduct of this validation study were identified. Bec ause the nodules with low c ancer prob ability 
genetic alterations were removed for histologic al analysis, the long-term clinic al impa ct of the 
genetic alterations could not be determined. 
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Table 6. Study Characteristics of Clinical Validity ThyroSeq v3 
Study Study Population Design Reference Standard Threshold for 

Positive Index 
Test 

Timing of 
Reference and 
Index Tests 

Blinding 
of 
Assessors 

Nikiforov 
et al 
(2018)51, 

175 samples with 
indeterminate cytology 
and known surgic al 
follow-up 

Retrospective Histopathologic 
diagnosis 

Cutoffs 
determined 
in the training 
sample 

Samples were 
tested after 
surgic al 
outcome was 
known 

Unclear 

 Steward 
et al 
(2019) 52, 

 256 patients (286 
nodules) with an 
indeterminate FNA 
(Bethesda III, IV, or V) 
and underwent thyroid 
surgery 

 Multicenter 
(10 sites) 
prospec tive 
validation 
study 

 Central 
pathology 
review 

 Classified as 
malignant or 
NIFPT or 
benign 

 Cross-sectional  Yes 

FNA: fine needle aspirate; NIFPT: noninvasive follicular thyroid neoplasm with papillary-like features 
 
Table 7. Clinical Validity of ThyroSeq v3 
Study Initial N Final N Excluded 

Samples 
Prevalence 
of Condition 

Clinical Validity 
(95% Confidence Interval) 

          Sensitivity Specificity PPV NPV 
Nikiforov et 
al (2018)51, 

  175     98 (93 to 00) 81 (72 to 89)     

 Steward et 
al (2019) 52, 

 286  57 29 (10%)  30% 93 (86 to 97)  81 (75 to 86)  68 (58 
to 76) 

97 (93 to 
99) 

NPV: negative predic tive value; PPV: positive predic tive value. 
 
Ad ditional studies describing the clinical validity of the ThyroSeq v2 panel in external settings 
(outside of the institution where it was developed) have reported on the diagnostic performance 
to predic t malignancy in thyroid nodules that are indeterminate on FNA have been reported (see 
Table 8). These studies differed from the previous studies in that noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features was classified as not malignant for c alculation of 
performance chara cteristics. 
 
Table 8. Additional Clinical Validity Studies of ThyroSeq to Predict Malignancy in Indeterminate 
Thyroid FNA Samples 
Study Population Genes and 

Rearrangements 
Tested 

Insufficient or 
Inadequate for 
Analysis 

Measures of 
Agreement (95% CI), 
% 

        Sen Spec PPV NPV 
Valderrabano et al (2017)53, 190 

indeterminate 
thyroid 
nodules 

ThyroSeq v2 (60+ 
genes) 

2 70 
(46 
to 
88) 

77 
(66 
to 
85) 

42 
(25 
to 
61) 

91 
(82 
to 
97) 

Taye et al (2018)54, 156 
indeterminate 
thyroid 
nodules 

ThyroSeq v2 (60+ 
genes) 

3 89 
(52 
to 
100) 

43 
(29 
to 
58) 

22 
(10 
to 
38) 

96 
(78 
to 
99) 

CI: confidence interval; FNA: fine needle aspiration; NPV: negative predic tive value; PPV: positive predic tive 
value; Sen: sensitivity; Spec: specificity. 
 
Ad ditional studies describing the clinical validity of the genes that comprise the ThyroSeq panel or 
other individual variants and combinations of variants to predict malignancy in thyroid nodules 
that are indeterminate on FNA have been reported. The results that pertain to the use of gene 
testing in indeterminate thyroid nodules are summarized in Table 9. 
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Table 9. Clinical Validity of Molecular Markers to Predict Malignancy in Indeterminate Thyroid FNA 
Samples 
Study Population Genes and 

Rearrangements 
Tested 

Insufficient or 
Inadequate 
for Analysis 

Measures of Agreement, 
% 

        Sen Spec PPV NPV Acc 
  

Moses et al (2010)55, 110 indeterminate 
thyroid nodules 

BRAF, KRAS, NRAS, 
RET/PTC1, 
RET/PTC3, NTRK1 

2 38 95 67 79 77 
   

Ohori et al (2010)56, 100 patients with 117 
atypia or follicular 
lesions of uncertain 
signific ance 

BRAF, NRAS, HRAS, 
KRAS, RET/PTC1, 
RET/PTC3, 

 

NR 60 100 100 92 93 
   

Beaudenon-Huibregtse et al (2014)57, 53 nodules 
with 
indeterminate 
or 
nondiagnostic 
FNA 

BRAF, HRAS, KRAS, 
NRAS, PAX8-

 
RET-PTC1, RET-
PTC3 

  48 89 81 64   
   

Ac c: ac curacy; FNA: fine needle aspiration; NPV: negative predic tive value; NR: not reported; PPV: positive 
predictive value; PTC: papillary thyroid c arcinoma; Sen: sensitivity; Spec: specificity. 
a FNA-indeterminate nodules. 
b FNA suspicious nodules. 
cAtypia of indeterminate signific ance. 
dFollicular neoplasm or suspicious for follicular neoplasm. 
e Suspicious for malignancy. 
 
ThyGenX Thyroid Oncogene Panel and ThyraMIR microRNA Classifier 
Technically Reliable 
Assessment of technic al reliability focuses on specific tests and operators and requires a review of 
unpublished and often proprietary information. Review of specific tests, operators, and 
unpublished data are outside the scope of this evidence review, and alternative sources exist. This 
evidence review focuses on the clinical validity and clinic al utility. 
 
Clinically Valid 
Labourier et al (2015) evaluated the diagnostic algorithm combining a 17-variant panel with 
ThyraMIR on a cross-sectional cohort of thyroid nodules c omprised of 109 FNA samples with 
AUS/FLUS or follicular neoplasm or SFN a cross 12 endocrinology centers.58, A summary of the 
sensitivity and specificity of the combined test is listed in Table 10. 
 
Table 10. Summary of Clinical Validity for 17-Variant Panel and ThyraMIR on FNA Samples 

Groups No. of 
Cases 

Sensitivity Specificity PPV NPV Odds Ratio 

Cohort (95% 
CI), % 

109 89 (73 to 97) 85 75 to 92) 74 (58 to 86) 94 (85 to 98) 44 (13 to 
151) 

AUS/FLUS 
(95% CI), % 

58 94 (73 to 100) 80 (64 to 91) 68 (46 to 85) 97 (84 to 100) 68 (8 to 
590) 

FN/SFN (95% 
CI), % 

51 82 (57 to 96) 91 (76 to 98) 82 (57 to 96) 91 (76 to 98) 48 (9 to 
269) 

Ad apted from Labourier et al (2015).58, 
AUS: atypia of undetermined signific ance; CI: c onfidence interval; FLUS: follicular lesion of undetermined 
signific ance; FN: follicular neoplasm; FNA: fine needle aspiration; NPV: negative predic tive value; PPV: 
positive predictive value; SFN: suspicious for a follicular neoplasm. 
 
Clinically Useful 
A test is clinic ally useful if the use of the results informs management decisions that improve the net 
health outcome of c are. The net health outcome c an be improved if patients receive correc t 
therapy, or more effec tive therapy, or avoid unnecessary therapy, or avoid unnecessary testing. 
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Direct Evidence 
Direc t evidence of clinical utility is provided by studies that have compared health outcomes for 
patients managed with and without the test. Bec ause these are intervention studies, the preferred 
evidence would be from randomized c ontrolled trials. 
 
Direc t evidence for the clinic al utility for the ThyroSeq v2 test and the combined ThyGenX and 
ThyraMIR diagnostic testing algorithm is la cking. 
 
Chain of Evidence 
Indirec t evidence on clinic al utility rests on clinic al validity. If the evidence is insufficient to 
demonstrate test performance, no inferences c an be made about clinic al utility. 
 
A chain of evidence may be construc ted to infer the potential clinic al utility of the combined 
diagnostic testing algorithm. No studies using ThyGenX NGS panel in FNA samples were identified. 
However, available evidence has suggested that the use of variant testing using NGS in thyroid 
FNA samples is generally associated with high specificity and PPV for clinic ally signific ant thyroid 
c ancer. There is the potential clinic al utility for identifying malignancy with higher certainty on FNA 
if such testing permits better preoperative planning at the time of thyroid biopsy, potentially 
avoiding the need for a separate surgery. However, thevariant analysis does not a chieve an NPV 
sufficiently high enough to identify which patients c an undergo a ctive surveillance over thyroid 
surgery. In the diagnostic algorithm that reflexes to the ThyraMIR after a negative ThyGenX result, 
patients receiving reflex testing could identify who may undergo a ctive surveillance over thyroid 
surgery. A single study using a 17-variant panel with ThyraMIR showed an NPV of 94%. Therefore, 
the high NPV of ThyraMIR has the potential to a c curately predic t benignancy and triage patients 
to a ctive surveillance. 
 
Section Summary: Molecular Markers to Rule Out and Rule in Malignancy 
Evidence for the clinic al validity of the ThyroSeq v3 NGS panel comes from a prospective clinic al 
validity study, the performance chara cteristics were sensitivity, 93%; specificity, 81%; PPV, 68%; 
NPV, 97%. In 2 independent validation studies with a predic ate test  (ThyroSeq v2) in which 
noninvasive follicular thyroid neoplasm with papillary-like nuclear features was c ategorized as not 
malignant, performance chara cteristics were lower and variable (sensitivity, 70%-89%; specificity, 
43%-77%; PPV, 22%-42%; NPV, 91%-96%). 
 
Evidence for the clinic al validity of combined testing for miRNA gene expression using ThyraMIR 
and a targeted 17-variant panel comes from 2 retrospective studies using archived surgic al 
specimens and FNA samples. One study combined a 17-variant panel with ThyraMIR testing on 
archived surgic al specimens and resulted in a sensitivity of 85% and specificity of 95%. The second 
study c ombined a 17-variant panel (miRInform) with ThyraMIR testing on FNA samples and resulted 
in a sensitivity of 89%, a specificity of 85%, PPV of 74%, and NPV of 94%. No studies were identified 
that demonstrated the clinic al validity of a combined ThyGenX and ThyraMIR test on FNA samples. 
 
Direct evidence for the clinic al utility for the ThyroSeq v2 test and the combined ThyGenX and 
ThyraMIR reflex testing is la cking. However, available evidence has suggested that testing for gene 
variants and rearrangements c an predict malignancy and inform surgic al planning decisions 
when the test is positive. Pooled retrospective and prospective clinic al validation studies of 
ThyroSeq v2 have reported a combined NPV of 96% (95% CI, 92% to 95%) and PPV of 83% (95% CI, 
72% to 95%) and might potentially assist in selecting patient to avoid surgic al biopsy in negative 
and guide surgic al planning if positive. The NPV of the ThyGenX to identify patients who should 
undergo a ctive surveillance over thyroid surgery is unknown. In a reflex testing setting, the high 
NPV for a microRNA gene expression test used on the subset of patients with a negative result from 
a variant and gene rearrangement testing may provide incremental information in identifying 
patients appropriately for a ctive surveillance, but improvements in health outcomes are still 
uncertain. 
 



2.04.78 Molecular Markers in Fine Needle Aspirates of the Thyroid 
Page 21 of 52 
 

 
Reproduction without authorization from Blue Shield of California is prohibited 

 

Clinic al input, obtained in 2017, considered ThyroSeq v2 to provide a clinically meaningful 
improvement for patients with indeterminate cytologic findings to rule out malignancy and avoid 
surgic al biopsy and in patients with cytologic findings suspicious for malignancy to guide surgic al 
planning for the initial resec tion. 
 
Summary of Evidence 
To determine which patients need thyroid resec tion, many physicians will perform a cytologic 
examination ofFNA samples from a thyroid lesion; however, this method has diagnostic limita tions. 
As a result, assays using molecular markers have been developed to improve the a c cura cy of 
thyroid FNA biopsies. 
 
For individuals with thyroid nodule(s) and indeterminate findings on FNA who receive FNA sample 
testing with molecular tests to rule out malignancy and to avoid surgic al biopsy or resec tion, the 
evidence includes a prospective clinic al validity study with the Afirma GSC and a chain of 
evidence to support clinic al utility. The relevant outcomes are disease-specific survival, test 
a c cura cy and validity, morbid events, and resource utilization. In a multicenter validation study, 
the Afirma GSC was reported to have a high (NPV 96%; 95% C I, 90%-99%). These results are 
consistent with an earlier study on the Afirma GEC in the same study population. In other 
multicenter and single-center studies, there is suggestive evidence that rates of malignancy are 
low in Afirma patients who are classified as benign, but the exa ct NPV is unknown. The available 
evidence suggests that the decisions a physician makes regarding surgery are altered by Afirma 
GEC/GSC results; however, it should be noted that long-term follow-up of p atients with thyroid 
nodules who avoided surgery based on GEC results is limited. A chain of evidence c an be 
constructed to establish the potential for clinic al utility with GEC testing in cytologic ally 
indeterminate lesions, but there is only a single study of the marketed test reporting a true NPV. 
Clinic al input, obtained in 2017, supported the use of the previous version of the Afirma test in FNA 
of thyroid nodules with indeterminate cytologic findings to rule out malignancy and avoid surgic al 
biopsy with an a c ceptably low trade-off in missed malignancy. The evidence is sufficient to 
determine that the technology improves the net health outcome. 
 
For individuals with thyroid nodule(s) and indeterminate findings on FNA who receive FNA sample 
testing with molecular tests to rule in malignancy and to guide surgic al planning, the evidence 
includes prospective and retrospective studies of clinic al validity. The relevant outcomes are 
disease-specific survival, test a c cura cy and validity, morbid events, and resource utilization. 
Variant analysis has the potential to improve the ac cura cy of an equivocal FNA of the thyroid and 
may play a role in preoperative risk stratific ation and surgic al planning. Single-center studies have 
suggested that testing for a panel of genetic variants associated with thyroid c ancer may allow 
for the appropriate selection of patients for surgic al management for the initial resection. 
Prospective studies in ad ditional populations are needed to validate these results. Although the 
presence of certain variants may predict more aggressive malignancies, the management 
changes that would oc cur as a result of identifying higher risk tumors, are not well- established. 
Clinic al input, obtained in 2017, considered ThyraMIR microRNA/ThyGenX, Afirma BRAF after 
Afirma GEC,  and Afirma MTC after Afirma GEC to provide a clinic ally meaningful improvement for 
patients with cytologic findings suspicious for malignancy to guide surgic al planning for the initial 
resection. The evidence is sufficient to determine that the technology results in a meaningful 
improvement in the net health outcome. 
 
For individuals with thyroid nodule(s) and indeterminate findings on FNA who receive FNA sample 
testing with molecular tests to rule out malignancy and avoid surgic al biopsy or to rule in 
malignancy for surgic al planning, the evidence includes multiple retrospective and prospective 
clinic al validation studies for the ThyroSeq test and 2 retrospective clinic al validation studies that 
used a predic ate test 17-variant panel (miRInform) test to the current ThyGenX and ThyraMIR. The 
relevant outcomes are disease-specific survival, test a c cura cy and validity, morbid events, and 
resource utilization. In a retrospective validation study on FNA samples, the 17-variant panel 
(miRInform) test and ThyraMIR had a sensitivity of 89%, and an NPV of 94%. A prospective clinical 
validation study of ThyroSeq v3 reported an NPV of 97% and PPV of 68%. No studies were identified 
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demonstrating the diagnostic chara cteristics of the marketed ThyGenX. No studies were identified 
demonstrating evidence of direc t outcome improvements. A chain of evidence for the ThyroSeq 
v3 test and combined ThyGenX and ThyraMIR testing would rely on establishing clinic al validity. 
Clinic al input, obtained in 2017, considered ThyroSeq v2 to provide a clinically meaningful 
improvement for patients with indeterminate cytologic findings to rule out malignancy and avoid 
surgic al biopsy and in patients with cytologic findings suspicious for malignancy to guide surgic al 
planning for the initial resec tion. The evidence is sufficient to determine that the technology results 
in a meaningful improvement in the net health outcome. 
 
Clinical Input 
Objective 
In 2017, clinic al input was sought to help determine whether the evidence and clinic al experience 
support a clinic al benefit of testing for molecular markers in fine needle aspirates of the thyroid for 
management of individuals with thyroid nodule(s) with an indeterminate finding on the fine needle 
aspirates. 
 
Respondents 
Clinic al input was provided by the following specialty societies and physician members identified 
by a specialty society or clinic al health system: 

 Americ an Thyroid Association 
 Anonymous, MD, Endocrine Surgery, Associate Professor of Surgery; Identified by Dan L 

Dunc an Comprehensive Cancer Center, Baylor College of Medicinea 
 Anonymous, DO, Hematology, Medic al Hematology; Identified by Cancer Treatment 

Centers of Americ a (CTCA) 
 Anonymous, MD, Pathology and Laboratory Medicine; Identified by CTCA 
 Anonymous, MD, Endocrine; Identified by CTCA 
 Bradley R. Mons, DO; Otolaryngology; Identified by CTCA 
 Helen Yoo Bowne, MD, Otolaryngology - Head and Surgery; Identified by CTCA 
 Asha Karippot, MD, Medic al Oncology and Hematology; Identified by CTCA 
 Jerome B. Myers, MD, PhD, Pathology; Identified by Catholic Health Initiatives 
 a Indic ates that information on conflic ts of interest related to the topic where clinic al input 

is being sought were identified by this respondent (see Appendix 1). 
 

Clinic al input provided by the specialty society at an aggregate level is attributed to the specialty 
society. Clinic al input provided by a physician member designated by the specialty society or 
health system is attributed to the individual physician and is not a statement from the specialty 
society or health system. Specialty society and physician respondents participating in the 
Evidence Street® clinic al input process provide a review, input, and feedba ck on topics being 
evaluated by Evidence Street. However, participation in the clinic al input process by a special 
society and /or physician member designated by the specialty society or health system does not 
imply an endorsement or explicit agreement with the Evidence Opinion published by BCBSA or 
any Blue Plan. 
 
  



2.04.78 Molecular Markers in Fine Needle Aspirates of the Thyroid 
Page 23 of 52 
 

 
Reproduction without authorization from Blue Shield of California is prohibited 

 

Clinical Input Responses 
Figure 1: 
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Figure 2: 

 
Gray shading means no rating provided. 
ATA: Americ an Thyroid Association; CHI: Catholic Health Initiatives; CTCA: Cancer Treatment Centers of 
Americ a. 
* Indic ates that information on conflic ts of interest related to the topic where clinic al input is being sought 
was identified by this respondent (see Appendix 1). 
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Figure 3: 
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Figure 4: 

 
Grey shading means no rating provided. 
ATA: Americ an Thyroid Association; CHI: Catholic Health Initiatives; CTCA: Cancer Treatment Centers of 
Americ a. 
* Indic ates that information on conflic ts of interest related to the topic where clinic al input is being soughtwas 
identified by this respondent (see Appendix 1). 
 
Ad ditional Comments 

 "Molecular testing of fine needle aspirates for thyroid tissue is an important adjunct in the 
management of these patients. Bec ause the majority of disease is benign every effort 
should be undertaken to keep patients out of the operating room. Surgery is both 
expensive and c an result in disastrous lifelong complic ation and impaired quality of life for 
a patient. Even though surgic al complic ations after thyroidectomy are very rare bec ause 
the incidence of malignancy is so low any type of impairment in quality of life as a result of 
surgic al therapy must be weighed c arefully against the opportunity for improved 
diagnostics to eliminate the need for diagnostic surgery in c ases of indeterminate thyroid 
nodules. The biggest opportunity for improvement regarding the use of these tests is to 
work with institutions so that ThyroSeq or Afirma GEC is performed on Bethesda 3 and 4 
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nodules. The latest recommendations from the Americ an Thyroid Association indic ate that 
unila teral excision c an be performed for malignancy up to 4 cm. As a result, the extent of 
surgery just based on ultra chara cteristics has changed with an emphasis now being 
pla ced on unilateral resec tion for many of these lesions. Therefore performing RosettaGX, 
or ThyGenX, Afirma Braf is not as important bec ause many of these patients only need 
unilateral resec tion regardless of the genetics of the Bethesda 5 lesion. Again data are 
mixed whether or not the molecular markers at this point c an truly predic t more aggressive 
c arcinoma and guide the extent of resection. Clinic ally if I tell the patient they have 
greater than a 70% chance of c ancer in a lesion (Bethesda 5) the patient will want the 
lesion removed regardless of additional molecular testing. During surgery for Bethesda 5 
lesions, a frozen sec tion is able to a c curately diagnose papillary thyroid c arcinoma at the 
time of surgery, and as such if the surgeon and patient have agreed to a total 
thyroidectomy then that c an be pursued during the index operation without the need for 
completion direc tly. At the current time, the data are not sufficient to recommend total 
thyroidectomy on the basis of BRAF positivity alone, and while initial data seem to be 
promising, c ertainly more data needs to emerge before molecular testing alone guides 
extent of surgery. As a result, these tests are very important and should continue to be 
offered to patients." (Anonymous, MD, [Baylor College of Medicine]) 

 "For all thyroid nodules with diagnosis of FLUS [follicular lesion of undetermined 
signific ance], AUS [atypia of undetermined signific ance] and follicular neoplasm, 
molecular testing with ThyroSeq v.2 is utilized most of the time. Results from this analysis 
have played a crucial role in determining which patients are recommended to have 
surgery and which patients are pla ced under a ctive surveillance. The number of ‘surgic al 
biopsies' have decreased in number as a result of the availability of molecular testing. 
Clinic al utility remains to be seen after long term follow up." (Helen Yoo Bowne, MD, 
[CTCA]) 

 "NPV [negative predic tive value] and PPV [positive predic tive value] are not inherent to a 
test and are largely influenced by the prevalence of disease in the patient cohort." 
 

Molecular testing should be considered for Bethesda c ategories III, IV and V. 
 
It is frequently said that the absence of evidence of benefit is not the same as evidence of 
absence of a benefit. With the rapid changes in technology and available testing for molecular 
markers, there is an increasing recognition that papillary thyroid c ancer may be a disease that is 
indolent for many patients. Prior approa ches to p atients with PTC [papillary thyroid c ancer] 
have been regarded as too aggressive regarding surgery, surgic al extent, and post-surgic al 
therapy and surveillance. These fa ctors make it unlikely that we will see well done prospective trials 
in which pathology will be available as a gold standard to adjudic ate the true presence of 
disease in patients with a reported low likelihood of malignancy. 
 
It is important that this technology is permitted to advance and mature and that clinic al 
experience informs the optimum use of these methodologies in the future. 
 
Greatest utility of molecular testing of thyroid nodules is to a c curately diagnose benign nodules; 
most of the above tests c an diagnose benign nodules and have helped reduce the number of 
patients who historic ally have undergone surgery that was ultimately deemed unnecessary 
bec ause of a benign final pathology result. 
 
All have their limitations; for all of the tests the validation cohorts are small test populations." 
(Americ an Thyroid Association) 
 
See Appendices 1 and 2 for details of the clinic al input. 
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Supplemental Information 
Clinical Input From Physician Specialty Societies and Academic Medical Centers 
While the various physician specialty societies and a c ademic medic al centers may collaborate 
with and make recommendations during this process, through the provision of appropriate 
reviewers, input received does not represent an endorsement or position sta tement by the 
physician specialty societies or a c ademic medic al centers, unless otherwise noted. 
 
2017 Input 
In response to requests from Blue Cross Blue Shield Association, clinic al input on 7 tests for 
molecular markers was received from 9 respondents, including 1 specialty society-level 
response, 1 physician from an a c ademic center, and 7 physicians from 2 health systems in 2017. 
 
Based on the evidence and independent clinic al input, the clinic al input supports that the 
following indic ations provide a clinic ally meaningful improvement in the net health outcome and 
are consistent with generally a c cepted medic al pra ctice: 

 Use of the following types of molecular marker testing in fine needle aspirate (FNA) of 
thyroid nodules with indeterminate cytologic findings (i.e., Bethesda diagnostic c ategory III 
[a typia /follicular lesion of undetermined signific ance] or Bethesda diagnostic c ategory IV 
[follicular neoplasm /suspicion for a follicular neoplasm]) to rule out malignancy and to 
avoid surgic al biopsy: 
o Afirma Gene Expression Classifier; or 
o ThyroSeq v2 

 Use of the following type of molecular marker testing in FNA of thyroid nodules with 
indeterminate cytologic findings or Bethesda diagnostic c ategory V (suspicious for 
malignancy) to rule in the presence of malignancy to guide surgic al planning for the initial 
resection rather than a two-stage surgic al biopsy followed by definitive surgery: 
o ThyroSeq v2; 
o ThyraMIR microRNA/ThyGenX; 
o Afirma BRAF after Afirma Gene Expression Classifier; or 
o Afirma MTC after Afirma Gene Expression Classifier. 

 
Based on the evidence and independent clinic al input, the clinic al input does not support 
whether the following indic ation provides a clinic ally meaningful improvement in the net health 
outcome or is c onsistent with generally a c cepted medic al pra ctice: 

 Use of the following types of molecular marker testing in FNA of thyroid nodules: 
o RosettaGX Reveal. 

 
2016 Input 
In response to requests from  Blue Cross Blue Shield Association, input was received from 2 
physician specialty societies (one of which provided 3 responses) and 1 a c ademic medic al center 
in 2016. Input focused on the use of gene expression classifiers with a high negative predictive 
value in nodules indeterminate on FNA. Although individual uses of a gene expression classifier 
with negative predictive value in these situations varied, there was general agreement that the 
tests are considered standard in the evaluation of some indeterminate c ases of FNA. 
 
2013 Input 
In response to requests from Blue Cross Blue Shield Association, input was received from 1 
physician specialty society (4 reviewers) and 6 a c ademic medic al centers, for a total of 10 
reviewers, in 2013. There was general agreement with the policy statements that variant analysis 
and use of the gene expression classifier is investigational. The input was mixed as to whether test 
changes patient management and whether prospective randomized trials are necessary to 
establish the clinic al utility of these tests. 
 
  



2.04.78 Molecular Markers in Fine Needle Aspirates of the Thyroid 
Page 29 of 52 
 

 
Reproduction without authorization from Blue Shield of California is prohibited 

 

Practice Guidelines and Position Statements 
American Association of Clinical Endocrinologists et al 
The Americ an Association of Clinic al Endocrinologists, Americ an College of Endocrinology, and 
Associazone Medici Endocrinologi (2016) updated their joint guidelines on molecular testing for 
cytologic ally indeterminate thyroid nodules, sta ting59,: 

 "Cytopathology expertise, patient chara cteristics, and prevalence of malignancy within 
the population being tested impa ct the negative predic tive values (NPVs) and positive 
predic tive values (PPVs) for molecular testing." 

 "Consider the detection of BRAF and RET/PTC and, 
possibly, PAX8/PPARG and RAS mutations if such detection is available." 

 "TERT mutational analysis on FNA, when available, may improve the diagnostic sensitivity of 
molecular testing on cytologic samples." 

 "Bec ause of the insufficient evidence and the limited follow-up, we do not recommend 
either in favor of or against the use of gene expression classifiers (GECs) for cytologic ally 
indeterminate nodules." 
 

For the role of molecular testing for deciding the extent of surgery the following 
recommendations were made: 

 "Currently, with the exception of mutations such as BRAFV600E that have a PPV 
approa ching 100% for p apillary thyroid c arcinoma (PTC), evidence is insufficient to 
recommend in favor of or against the use of mutation testing as a guide to determine the 
extent of surgery." 
 

American Thyroid Association 
 The Americ an Thyroid Association (2016) updated its guidelines on the management of thyroid 
nodules and differentiated thyroid c ancer in adults.60, These guidelines ma de the following 
statements on molecular diagnostics in thyroid nodules that are atypia of undetermined 
signific ance or follicular lesion of undetermined signific ance on cytology and follicular neoplasm 
or suspicious for follicular neoplasm on cytology (see Table 11). 
 
Table 11. Molecular Diagnostics in Thyroid Nodules That Are AUS or FLUS or FN or SFN on Cytology 

Recommendation SOR QOE 
AUS or FLUS     
"For nodules with AUS/FLUS cytology, after consideration of worrisome 
clinic al and sonographic features, investigations such as repeat FNA or 
molecular testing may be used to supplement malignancy risk 
assessment in lieu of proceeding directly with a strategy of either 
surveillance or diagnostic surgery. Informed patient preference and 
feasibility should be considered in clinic al decision-making." 

Weak Moderate 

"If repeat FNA cytology, molecular testing, or both are not performed 
or inconclusive, either surveillance or diagnostic surgic al excision may 
be performed for an AUS/FLUS thyroid nodule, depending on clinic al 
risk factors, sonographic pattern, and patient preference." 

Strong Low 

FN or SFN     
"Diagnostic surgic al excision is the long-established standard of c are 
for the management of FN/SFN cytology nodules. However, after 
consideration of clinic al and sonographic features, molecular testing 
may be used to supplement malignancy risk assessment data in lieu 
of proceeding directly with surgery. Informed patient preference and 
feasibility should be considered clinic al decision-making." 

Weak Moderate 

AUS: atypia of undetermined signific ance; FLUS: follicular lesion of undetermined signific ance; FN: follicular 
neoplasm; FNA: fine needle aspirate; QOE: quality of evidence; SFN: suspicious for follicular neoplasm; 
SOR: strength of evidence. 
The guidelines also stated: "there is currently no single optimal molecular test that c an definitively rule in or 
rule out malignancy in all c ases of indeterminate cytology, and long-term outc ome data proving clinic al 
utility are needed." 
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National Comprehensive Cancer Network 
National Comprehensive Cancer Network (v.1.2019) guidelines on the treatment of thyroid c ancer 
comment on the use of molecular diagnostics in thyroid c ancer.61, For thyroid nodules evaluated 
with FNA, molecular diagnostics may be employed when lesions are suspicious for: : 

 Follicular or Hürthle cell neoplasms. 
 Atypia of undetermined signific ance or follicular lesions of undetermined signific ance. 

 
The guidelines sta te that molecular diagnostics may not perform well for Hurthle cell neoplasms. 
 
U.S. Preventive Services Task Force Recommendations 
Not applic able. 
 
Medicare National Coverage 
There is no national coverage determination. In the absence of a national coverage 
determination, coverage decisions are left to the discretion of loc al Medic are c arriers. 
 
MolDX Program contra ctors Palmetto GBA, Wisconsin Physicians Service Insurance Corp., and CGS 
Administrators determined that the Afirma Gene Expression Classifier test meets criteria for analytic 
and clinic al validity and clinic al utility as a reasonable and necessary Medic are 
benefit.62,Effective 2015, the MolDX Program contra ctors will reimburse Afirma Gene Expression 
Classifier services for patients with the following conditions: 

 "Patients with one or more thyroid nodules with a history or chara cteristics suggesting 
malignancy such as: 
o Nodule growth over time 
o Family history of thyroid c ancer 
o Hoarseness, difficulty swallowing or breathing 
o History of exposure to ionizing radiation 
o Hard nodule c ompared with rest of gland consistency 
o Presence of cervic al adenopathy 

 Have an indeterminate follicular pathology on fine needle aspiration." 
 

Ongoing and Unpublished Clinical Trials 
Some currently ongoing and unpublished trials that might influence this review are listed in Table 
12. 
Table 12. Summary of Key Trials 
NCT No. Trial Name Planned 

Enrollment 
Completion Date 

Ongoing       
NCT03170804 Genomic Profiling of Nodular Thyroid Disease and 

Thyroid Cancer 
200 Jan 2020 

NCT: national clinical trial. 
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Appendix 
 

Appendix Figure 1. Decision Model for the Afirma Gene Expression Classifiers Use 

 
 
Appendix 1: Clinical Input 
Appendix Table 1. Respondent Profile 

 Specialty Society  
No. Name of 

Organization 
Clinical Specialty 

1 Americ an Thyroid Association Thyroid disease 
 Physician    
No. Name Degree Institutional 

Affiliation 
Clinical 
Specialty 

Board Certification and Fellowship Training 

Identified by Dan L Duncan Comprehensive Cancer Center, Baylor College of Medicine 
2 Anonymous MD Dan L Dunc an 

Comprehensive 
Cancer Center, 
Baylor College 
of Medicine 

Endocrine 
surgery 

Americ an Board of Surgery, General Surgery. 
Fellowship training Endocrine Surgery 

Identified by Cancer Treatment Centers of America 
3 Anonymous MD Cancer 

Treatment 
Centers of 
Americ a 

Pathology 
and 
laboratory 
medicine 

Americ an Board of Pathology 

4 Anonymous DO Cancer 
Treatment 
Centers of 

Hematology, 
medic al 
oncology 

Hematology, Medic al Onc ology, Internal 
Medicine 
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 Specialty Society  
Americ a - 
ERMC 

5 Bradley R. 
Mons 

DO Southwestern 
Regional 
Medic al Center 

Otolaryngol
ogy 

Americ an Osteopathic Board of 
Otolaryngology 

6 Helen Yoo 
Bowne 

MD Cancer 
Treatment 
Centers of 
Americ a 

Otolaryngol
ogy – head 
and surgery 

Americ an Ac ademy of Otolaryngology – 
Head and Neck Surgery 

7 Anonymous MD Cancer 
Treatment 
Centers of 
Americ a 

Endocrine ABIM/Endocrine; Rosalind Franklin University 
of Medicine and Science, Chic ago Medic al 
School 

8 Asha 
Karippot 
 

MD Cancer 
Treatment 
Centers of 
Americ a 

Medic al 
oncology 
and 
hematology 

Medic al Oncology, Hematology & Internal 
Medicine – Americ an Board of Internal 
Medicine; Fellowship Training: 
Hematology/Onc ology – Seton Hall 
University, St. Joseph Regional Medic al 
Center, Paterson, NJ 

Identified by Catholic Health Initiatives 
9 Jerome B. 

Myers 
MD, 
PhD 

Catholic Health 
Initiatives  

Pathology Anatomic /Clinic al Pathology, 
Hematopathology 

Appendix Table 2. Respondent Conflict of Interest Disclosure 

No. 

1. Research support 
related to the topic 
where clinical input is 
being sought 

2. Positions, paid or 
unpaid, related to 
the topic where 
clinical input is being 
sought 

3. Reportable, more 
than $1000, health care
related assets or sources 
of income for myself, my 
spouse, or my 
dependent children 
related to the topic 
where clinical input is 
being sought 

4. Reportable, more 
than $350, gifts or 
travel reimbursements 
for myself, my spouse, 
or my dependent 
children related to the 
topic where clinical 
input is being sought 

 Yes/No Explanation Yes/No Explanation Yes/No Explanation Yes/No Explanation 
1 No  No  No  No  
2 Yes I am a co-PI 

on a Texas 
c ancer 
research fund 
(CPRIT) 
project to use 
mass 
spectrometry 
to develop 
next-
generation 
diagnostics in 
thyroid 
c ancer 

No  No  No  

3 No  No  No  No  
4 No  No  No  No  
5 No  No  No  No  
6 No  No  No  No  
7 No  No  No  No  
8 No  No  No  No  
9 No  No  No  No  

Individual physician respondents answered at individual level. Specialty Society respondents provided 
aggregate information that may be relevant to the group of clinicians who provided input to the Society-
level response. 
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Appendix 2: Clinical Input Responses 
Objective 
Clinic al input is sought to help determine whether the evidence and clinic al experience supports 
a clinic al benefit of testing for molecular markers in fine needle aspirates (FNA) of the thyroid for 
management of individuals with thyroid nodule(s) with an indeterminate finding on the FNA. 
 
Responses 
1. For the indic ation using molecular marker testing in FNA of thyroid nodules with indeterminate 

findings1 to rule out malignancy, this testing may provide a meaningful clinic al benefit defined 
by avoiding surgic al biopsy with an a c ceptably low trade off in missed malignancy. What 
negative predictive value from molecular marker testing would be needed for a clinic ally 
meaningful reduc tion in the frequency of negative surgic al biopsies? Please include relevant 
references to support your clinic al input. 

No. Rationale 

1 The majority of the panel preferred a NPV of 95% with one response for 90%. 
The entire panel responded YES to all of the tests for Clinically Meaningful Benefit with the 
confidence in the evidence as follows, listing average and range: Afirma GEC: 3.5 (3-4); 
ThyroSeq v.2 (note v.3 available as of 1 November 2017): 3.5 (2-4); ThyraMIR microRNA: 1.5 
(1-2); Rosetta: 2 (1-3) but with only 2 providing response. 
All responded YES to all the tests for Generally Accepted Medical Practice with c onfidence 
in evidence: 
Afirma GEC: 4 (3-5); ThyroSeq: 4 (4); ThyraMIR microRNA: 1.5 (1-2); Rosetta: all panelists left 
blank 
[BCBSA insertion: ATA also noted corrections to the indic ation that indeterminate findings 
would be Bethesda III, IV, or V to rule out malignancy.] 

2 An NPV of 90% or greater is necessary for a meaningful clinic al reduction in frequency of 
negative surgeries. This is bec ause there is a 5% to even 10% error rate associated with fine 
needle aspiration biopsy in the diagnosis of malignant lesions. 
 McIver B, Castro MR, Morris JC, et al. An independent study of a gene expression classifier 
(Afirma) in the evaluation of cytologic ally indeterminate thyroid nodules. J Clin Endocrinol 
Metab. Nov 2014;99(11):4069-4077. PMID 24780044. 

3 The c ommercially available molecular tests for indeterminate thyroid FNAs have been 
found to be good at ruling out malignancy. From Afirma to ThyroSeq to ThyGenX, their 
negative predic tive value has been reported to be very good. I would like to see their NPV 
to be at least in the 90%, preferably in 95%. 
 Alexander EK, Kennedy GC, Baloch ZW, et al. Preoperative diagnosis of benign thyroid 
nodules with indeterminate cytology. N Engl J Med. Aug 23 2012;367(8):705-715. PMID 
22731672 

 Marti JL, Avadhani V, Donatelli LA, et al. Wide Inter-institutional Variation in Performance 
of a Molecular Classifier for Indeterminate Thyroid Nodules. Ann Surg Oncol. Nov 
2015;22(12):3996-4001. PMID 25862581 

 Labourier E, Shifrin A, Busseniers AE, et al. Molecular Testing for miRNA, mRNA, and DNA on 
Fine-Needle Aspiration Improves the Preoperative Diagnosis of Thyroid Nodules With 
Indeterminate Cytology. J Clin Endocrinol Metab. Jul 2015;100(7):2743-2750. PMID 
25965083 

 Nikiforov YE, Carty SE, Chiosea SI, et al. Highly ac curate diagnosis of c ancer in thyroid 
nodules with follicular neoplasm/suspicious for a follicular neoplasm cytology by ThyroSeq 
v2 next-generation sequencing assay. Canc er. Dec 01 2014;120(23):3627-3634. PMID 
25209362 

4 Negative predic tive value should be 95%. 
 Rago T, Scutari M, Latrofa F, et al. The large majority of 1520 patients with indeterminate 
thyroid nodule at cytology have a favorable outc ome, and a clinic al risk sc ore has a high 
negative predic tive value for a more cumbersome c ancer disease. J Clin Endocrinol 
Metab. Oct 2014;99(10):3700-3707. PMID 24708101 

 
1 Indeterminate finding on the FNA means Bethesda diagnostic c ategory III (atypia / follicular lesion of 
undetermined signific ance) or Bethesda diagnostic c ategory IV (follicular neoplasm/suspicion for a follicular 
neoplasm). 
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No. Rationale 
5 No negative predic tive value is needed if the patient desires surgery. Some patients 

undergo undue stress knowing that there is a tumor in their body and having a physician just 
want to watch it. 

6 90 – 95% NPV 
 Chudova D, Wilde JI, Wang ET, et al. Molecular classification of thyroid nodules using high-
dimensionality genomic data. J Clin Endocrinol Metab. Dec 2010;95(12):5296-5304. PMID 
20826580 

7 Preferable NPV of 95%, > 90% ac ceptable 
 ATA differentiated thyroid cancer and thyroid nodular guidelines 2016. 
https:/ /www.thyroid.org / professionals/ ata-professional-guidelines/ 

 Haugen BR, Alexander EK, Bible KC, et al. 2015 Americ an Thyroid Association 
Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid 
Cancer: The Americ an Thyroid Association Guidelines Task Force on Thyroid Nodules and 
Differentiated Thyroid Cancer. Thyroid. Jan 2016;26(1):1-133. PMID 26462967 

8 A high NPV is needed ~ 90 – 95% 
Afirma gene expression classifier may provide clinic al benefit 
 Chudova D, Wilde JI, Wang ET, et al. Molecular classification of thyroid nodules using high-
dimensionality genomic data. J Clin Endocrinol Metab. Dec 2010;95(12):5296-5304. PMID 
20826580 

9 90 – 95% 
ATA: Americ an Thyroid Association; NPV: negative predictive value. 
 

2. Based on the evidence and your clinic al experience for the indic ations described in Question 
1: 

a. Respond Yes or No for ea ch clinical indic ation whether ea ch of the following tests 
would be expected to provide a clinic ally meaningful benefit in the net health 
outcome. 

b. Use the 1 to 5 sc ale outlined below to indic ate your level of confidence that there is 
adequate evidence that supports your c onclusions. 

No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

   1 2 3 4 5 
1 Afirma Gene 

Expression 
Classifier 

Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR 

microRNA 
Yes   X   

 RosettaGX 
Reveal 

Yes   X   

2 Afirma Gene 
Expression 
Classifier 

Yes     X 

 ThyroSeq v.2 Yes     X 
 ThyraMIR 

microRNA 
No     X 

 RosettaGX 
Reveal 

No     X 

3 Afirma Gene 
Expression 
Classifier 

Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR 

microRNA 
Yes   X   

 RosettaGX 
Reveal 

NR No rating provided 

4 Afirma Gene 
Expression 
Classifier 

Yes    X  

 ThyroSeq v.2 Yes    X  
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No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

 ThyraMIR 
microRNA 

No X     

 RosettaGX 
Reveal 

No X     

5 Afirma Gene 
Expression 
Classifier 

No No rating provided 

 ThyroSeq v.2 No No rating provided 
 ThyraMIR 

microRNA 
No No rating provided 

 RosettaGX 
Reveal 

No No rating provided 

6 Afirma Gene 
Expression 
Classifier 

Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR 

microRNA 
Yes X     

 RosettaGX 
Reveal 

No X     

7 Afirma Gene 
Expression 
Classifier 

Yes     X 

 ThyroSeq v.2 Yes     X 
 ThyraMIR 

microRNA 
Yes    X  

 RosettaGX 
Reveal 

Yes    X  

8 Afirma Gene 
Expression 
Classifier 

Yes    X  

 ThyroSeq v.2 Yes  X    
 ThyraMIR 

microRNA 
Yes   X   

 RosettaGX 
Reveal 

NR No rating provided 

9 Afirma Gene 
Expression 
Classifier 

Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR 

microRNA 
Yes    X  

 RosettaGX 
Reveal 

Yes    X  

NR: not reported. 
 

3. Based on the evidence and your clinic al judgment for the indic ations described in Question 1: 
a. Respond Yes or No for ea ch indic ation whether each of the following tests is consistent 

with generally a c cepted medic al pra ctice. 
b. Use the 1 to 5 sc ale outlined below to indic ate your level of confidence in your 

conclusions. 

No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

   1 2 3 4 5 
1 Afirma Gene 

Expression Classifier 
Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR microRNA Yes  X    
 RosettaGX Reveal Yes  X    
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No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

2 Afirma Gene 
Expression Classifier 

Yes     X 

 ThyroSeq v.2 Yes     X 
 ThyraMIR microRNA No  X    
 RosettaGX Reveal No  X    
3 Afirma Gene 

Expression Classifier 
Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR microRNA Yes    X  
 RosettaGX Reveal NR No rating provided 
4 Afirma Gene 

Expression Classifier 
Yes    X  

 ThyroSeq v.2 Yes    X  
 ThyraMIR microRNA No  X    
 RosettaGX Reveal No X     
5 Afirma Gene 

Expression Classifier 
Yes    X  

ThyroSeq v.2 No No rating provided 
ThyraMIR microRNA Yes    X  
RosettaGX Reveal Yes No rating provided 

6 Afirma Gene 
Expression Classifier 

Yes    X  

ThyroSeq v.2 Yes    X  
ThyraMIR microRNA No   X   
RosettaGX Reveal No No rating provided 

7 Afirma Gene 
Expression Classifier 

Yes     X 

ThyroSeq v.2 Yes     X 
ThyraMIR microRNA Yes     X 
RosettaGX Reveal Yes     X 

8 Afirma Gene 
Expression Classifier 

No    X  

ThyroSeq v.2 No  X    
ThyraMIR microRNA No   X   
RosettaGX Reveal NR No rating provided 

9 Afirma Gene 
Expression Classifier 

Yes    X  

ThyroSeq v.2 Yes   X   
ThyraMIR microRNA Yes   X   
RosettaGX Reveal Yes   X   

NR: not reported. 
 
4. For the indic ation using molecular marker testing in FNA of thyroid nodules with indeterminate 

findings2 or Bethesda diagnostic c ategory V (suspicious for malignancy) to rule in the presence 
of malignancy, this testing may provide a meaningful clinic al benefit defined by guiding 
definitive surgery planning for the initial resec tion rather than a 2-stage surgic al biopsy 
followed by definitive surgery. What positive predic tive value from molecular marker testing 
would be needed for a clinic ally meaningful predic tion? Please include relevant references to 
support your clinic al input. 

No. Rationale 
1 There was a wide variation in PPV needed for clinic ally meaningful prediction, ranging from 

> 30% to 83%. 
Most panelists responded Yes to Clinically Meaningful Benefit for the following mutations 
with the c onfidence in evidence as: ThyroSeq: 3.3 (3-4); ThyGenX: 2.3 (1-3); Afirma BRAF: 3.7 

 
2 Indeterminate finding on the FNA means Bethesda diagnostic c ategory III (atypia / follicular lesion of 
undetermined signific ance) or Bethesda diagnostic c ategory IV (follicular neoplasm/suspicion for a follicular 
neoplasm). 
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(2-5); Afirma MTC: 3.7 (2-5) with one NO response and c onfidence in evidence as ThyroSeq: 
4; ThyGenX: 4; Afirma BRAF: 3; Afirma MTC: 3. 
Most responded Yes to Generally Accepted Medical Practice with confidence in evidence 
as: ThyroSeq: 4.3 (3-4); ThyGenX: 3.3 (1-5); Afirma BRAF: 4 (2-5); Afirma MTC: 4 (2-5) with one 
NO response and confidence in evidence as ThyroSeq: 2; ThyGenX: 3; Afirma BRAF: 3; 
Afirma MTC: 3. 

2 A positive predictive value of 85% or greater would be clinic ally meaningful. This will help 
guide extensive surgery regarding total thyroidectomy versus partial thyroidectomy. 

3 Studies done on ThyroSeq v2 have shown that this test is better at ruling in malignancy when 
compared to the other known molecular tests. In addition, the use of specific single gene 
variant of BRAF and the transloc ation would signific antly help in the planning of the surgery 
on whether to go for a lobectomy versus a total thyroidectomy with central lymph node 
dissection. 
 Zhang M, Lin O. Molecular Testing of Thyroid Nodules: A Review of Current Available Tests 
for Fine-Needle Aspiration Specimens. Arch Pathol Lab Med. Dec 2016;140(12):1338-1344. 
PMID 27557410 

 Nikiforova MN, Wald AI, Roy S, et al. Targeted next-generation sequencing panel 
(ThyroSeq) for detection of mutations in thyroid c ancer. J Clin Endocrinol Metab. Nov 
2013;98(11):E1852-1860. PMID 23979959 

 Eszlinger M, Krogdahl A, Munz S, et al. Impa ct of molecular screening for point mutations 
and rearrangements in routine air-dried fine-needle aspiration samples of thyroid nodules. 
Thyroid. Feb 2014;24(2):305-313. PMID 23837487 

4 Positive predictive value should be 75 to 100% 
 Nikiforov YE. Molecular diagnostics of thyroid tumors. Arch Pathol Lab Med. May 
2011;135(5):569-577. PMID 21526955 

5 A PPV of over 70% would be needed for me to have a clinic ally meaningful prediction. I do 
not have any references beside personal preferences. 

6 75-100% PPV 
 Nikiforov YE. Molecular diagnostics of thyroid tumors. Arch Pathol Lab Med. May 
2011;135(5):569-577. PMID 21526955 

 Nikiforov YE, Carty SE, Chiosea SI, et al. Highly ac curate diagnosis of c ancer in thyroid 
nodules with follicular neoplasm/suspicious for a follicular neoplasm cytology by ThyroSeq 
v2 next-generation sequencing assay. Cancer. Dec 01 2014;120(23):3627-3634. PMID 
25209362 

 Nikiforov YE, Carty SE, Chiosea SI, et al. Impact of the Multi-Gene ThyroSeq Next-
Generation Sequencing Assay on Cancer Diagnosis in Thyroid Nodules with Atypia of 
Undetermined Signific ance/Follicular Lesion of Undetermined Signific ance Cytology. 
Thyroid. Nov 2015;25(11):1217-1223. PMID 26356635 

 Nikiforov YE, Ohori NP, Hodak SP, et al. Impa ct of mutational testing on the diagnosis and 
management of patients with cytologic ally indeterminate thyroid nodules: a prospective 
analysis of 1056 FNA samples. J Clin Endocrinol Metab. Nov 2011;96(11):3390-3397. PMID 
21880806 

 Ferraz C, Eszlinger M, Paschke R. Current state and future perspective of molecular 
diagnosis of fine-needle aspiration biopsy of thyroid nodules. J Clin Endocrinol Metab. Jul 
2011;96(7):2016-2026. PMID 21593119 

7 PPV ~ 85% 
ATA guidelines and clinic al experience 

8 PPV of 90 – 95% needed for meaningful prediction. 
9 80 – 85% 

ATA: Americ an Thyroid Association. 
 
5. Based on the evidence and your clinic al experience for the indic ations described in Question 

4: 
a. Respond Yes or No for ea ch clinical indic ation whether ea ch of the following tests 

would be expected to provide a clinic ally meaningful benefit in the net health 
outcome. 

b. Use the 1 to 5 sc ale outlined below to indic ate your level of confidence that there is 
adequate evidence that supports your c onclusions. 

No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

   1 2 3 4 5 
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No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

1 ThyroSeq v.2 Yes   X   
 ThyGenX Yes   X   
 Afirma BRAF Yes   X   
 Afirma MTC Yes   X   
2 ThyroSeq v.2 Yes     X 
 ThyGenX Yes     X 
 Afirma BRAF Yes     X 
 Afirma MTC Yes     X 
3 ThyroSeq v.2 Yes    X  
 ThyGenX Yes    X  
 Afirma BRAF Yes  X    
 Afirma MTC Yes  X    
4 ThyroSeq v.2 Yes    X  
 ThyGenX No   X   
 Afirma BRAF Yes    X  
 Afirma MTC Yes    X  
5 ThyroSeq v.2 No No rating provided 

 ThyGenX Yes    X  
 Afirma BRAF Yes     X 
 Afirma MTC No No rating provided 

6 ThyroSeq v.2 Yes    X  
 ThyGenX No   X   
 Afirma BRAF Yes    X  
 Afirma MTC Yes    X  

7 ThyroSeq v.2 Yes     X 
 ThyGenX Yes    X  
 Afirma BRAF Yes X     
 Afirma MTC Yes X     

8 ThyroSeq v.2 Yes   X   
 ThyGenX Yes   X   
 Afirma BRAF Yes    X  
 Afirma MTC Yes    X  

9 ThyroSeq v.2 Yes    X  
 ThyGenX Yes    X  
 Afirma BRAF Yes    X  
 Afirma MTC Yes    X  

 
6. Based on the evidence and your clinic al judgment for the indic ations described in Question 4: 

a. Respond Yes or No for ea ch indic ation whether each of the following tests is consistent 
with generally a c cepted medic al pra ctice. 

b. Use the 1 to 5 sc ale outlined below to indic ate your level of confidence in your 
conclusions. 

No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

   1 2 3 4 5 
1 ThyroSeq v.2 Yes    X  
 ThyGenX Yes    X  
 Afirma BRAF Yes    X  
 Afirma MTC Yes    X  
2 ThyroSeq v.2 Yes     X 
 ThyGenX Yes     X 
 Afirma BRAF Yes     X 
 Afirma MTC Yes     X 
3 ThyroSeq v.2 Yes    X  
 ThyGenX Yes   X   
 Afirma BRAF Yes  X    
 Afirma MTC Yes  X    
4 ThyroSeq v.2 Yes    X  
 ThyGenX No   X   
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No. Indications Yes/No 
Low 

Confidence  
Intermediate 
Confidence  

High 
Confidence 

 Afirma BRAF Yes    X  
 Afirma MTC Yes    X  
5 ThyroSeq v.2 No No rating provided 

ThyGenX Yes   X   
Afirma BRAF Yes   X   
Afirma MTC No No rating provided 

6 ThyroSeq v.2 Yes    X  
ThyGenX No   X   
Afirma BRAF Yes    X  
Afirma MTC Yes    X  

7 ThyroSeq v.2 Yes     X 
ThyGenX Yes    X  
Afirma BRAF Yes  X    
Afirma MTC Yes  X    

8 ThyroSeq v.2 No   X   
ThyGenX No    X  
Afirma BRAF No     X 
Afirma MTC No     X 

9 ThyroSeq v.2 Yes   X   
ThyGenX Yes   X   
Afirma BRAF Yes    X  
Afirma MTC Yes    X  

 
7. Please provide in the box below comments/rationale and any citations sup porting your clinic al 

input on the use of molecular markers in FNA of the thyroid for management of individuals with 
thyroid nodule(s) and indeterminate finding on the FNA for ea ch type of molecular test below 

a. Afirma Gene Expression Classifier 
No. Response 
1 Afirma GEC provides an ac ceptable NPV allowing it to be useful as a test to “rule out” 

malignancy. A neg ative GEC, in a FNAB cytologic ally indeterminate nodule without 
suspicious sonographic features, c an lead to the decision of clinic al observation rather than 
surgery. The GEC results must be interpreted with the knowledge of your institutional risk of 
malignancy for indeterminate thyroid nodules to ac curately assess the NPV for one’s 
respec tive patient population being tested. For prac tices where initial prevalence (risk of 
malignancy) is higher than 30%, NPV may be lower than the often quoted 95%. 
It has a low PPV making it unreliable as a test to “rule in” malignancy. It is particularly 
unreliable and should be avoided in oncocytic (Hürthle cell) neoplasms. 
 Alexander EK, Kennedy GC, Baloch ZW, et al. Preoperative diagnosis of benign thyroid 
nodules with indeterminate cytology. N Engl J Med. Aug 23 2012;367(8):705-715. PMID 
22731672 

 Alexander EK, Schorr M, Klopper J, et al. Multicenter clinic al experience with Afirma gene 
expression classifier. J Clin Endocrinol Metab. Jan 2014;99(1):119-25. PMID 24152684 

 McIver B, Castro MR, Morris JC, et al. An independent study of a gene expression classifier 
(Afirma) in the evaluation of cytologic ally indeterminate thyroid nodules. J Clin Endocrinol 
Metab. Nov 2014:99(11):4069-77. PMID 24780044 

 Brauner E, Holmes BJ, Krane JF, et al. Performance of the Afirma gene expression classifier 
in Hürthle Cell thyroid nodules differs from other indeterminate thyroid nodules. Thyroid. Jul 
2015;25(7):789-96. PMID 25962906 

 Santhanam P, Khthir R, Gress T, et al. Gene expression classifier for the diagnosis of 
indeterminate thyroid nodules: a meta-analysis. Med Onc ol. Feb 2016;33(2):14. PMID 
26749587 

2 This test is optimally used to keep patients out of the operating room in an effort to avoid 
unnecessary surgery. The test performs well in c ases of Bethesda 3 and some Bethesda 4 
results. It is poorly performing in c ases where Hürthle Cell neoplasm is suspected as it 
uniformly indic ates suspicious characteristics and warrants surgery. 
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No. Response 
3 Afirma using mRNA gene expression is most helpful in ruling out malignancy. It has a high 

NPV in indeterminate thyroid FNA c ases. Its biggest limitation is its low PPV. Numerous data 
have been published on this test with most of them sup porting its use as a molecular marker 
in indeterminate c ases. 
 Alexander EK, Kennedy GC, Baloch ZW, et al. Preoperative diagnosis of benign thyroid 
nodules with indeterminate cytology. N Engl J Med. Aug 23 2012;367(8):705-715. PMID 
22731672 

 Zhang M, Lin O. Molecular Testing of Thyroid Nodules: A Review of Current Available Tests 
for Fine-Needle Aspiration Specimens. Arch Pathol Lab Med. Dec 2016;140(12):1338-1344. 
PMID 27557410 

 Chaudhary S, Hou Y, Shen R, et al. Impa ct of the Afirma Gene Expression Classifier Result 
on the Surgic al Management of Thyroid Nodules with Category III /IV Cytology and Its 
Correlation with Surgic al Outcome. Acta Cytol. 2016;60(3):205-210. PMID 27344463 

4 92% sensitivity and 52% specificity. 
 Alexander EK, Kennedy GC, Baloch ZW, et al. Preoperative diagnosis of benign thyroid 
nodules with indeterminate cytology. N Engl J Med. Aug 23 2012;367(8):705-715. PMID 
22731672 

5 I am familiar with this from residency training and NCCN guidelines. 
6 Demonstrated analytic validity 

 Walsh PS, Wilde JI, Tom EY, et al. Analytic al performance verific ation of a molecular 
diagnostic for cytology-indeterminate thyroid nodules. J Clin Endocrinol Metab. Dec 
2012;97(12):E2297-2306. PMID 23087323 

Demonstrated clinic al validity 
 Alexander et al (2012) prospec tive, multicenter study, 85%-95% NPV 
 Alexander EK, Kennedy GC, Baloch ZW, et al. Preoperative diagnosis of benign thyroid 
nodules with indeterminate cytology. N Engl J Med. Aug 23 2012;367(8):705-715. PMID 
22731672 

Retrospec tive clinic al validation 
 Chudova D, Wilde JI, Wang ET, et al. Molecular classification of thyroid nodules using high-
dimensionality genomic data. J Clin Endocrinol Metab. Dec 2010;95(12):5296-5304. PMID 
20826580 

 Alexander et al (2014) 
 Santhanam P, Khthir R, Gress T, et al. Gene expression classifier for the diagnosis of 
indeterminate thyroid nodules: a meta-analysis. Med Onc ol. Feb 2016;33(2):14. PMID 
26749587 

GEC results altered management of 50% of patients in 1 study, less in other studies 
 Alexander et al (2014) 

Does change in management improve outcome? Needs long-term analysis, but altered 
management and decreased number of patients proceeding with surgery 

7 Excellent NPV but very low PPV. 
Does not help with decision making about total thyroidectomy versus hemithyroidectomy. 

8 To predict benignancy and to eliminate need for surgical resection. 
Potential harm – false-positive or false-negative 
Retrospec tive single-center studies 
Harrell and Bernsten 2014 
Lester et al (2014) 

9 Widely ac cepted by endocrinologists within our clientele for follow-up on indeterminate 
FNAs of thyroid nodules. Unfortunately we have not prospectively tracked follow-up 
surgeries or any subsequent FNAs to determine correlation of Afirma results with final 
diagnoses.  

 
b. ThyroSeq v.2 
No. Response 
1 ThyroSeq v.2 is a useful test to evaluate for the risk of malignancy, it holds potential for 

serving as both a “rule-in ” and “rule-out ” test, particular for Bethesda IV lesions. An external 
validation study suggests a lower PPV and less applic ability (SAMPLE SIZE WAS LOW) in 
Bethesda III and oncocytic (Hürthle cell) lesions. A prospective multi-institutional study of 
ThyroSeq v3 has promising results but is not yet published. With appropriate patient selection, 
the results of this test c an be very helpful in determining the need for surgic al intervention. 
The ability of some of the specific measured gene mutations to predic t aggressiveness may 
aid in determining prognosis as well as the extent of surgery. 
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No. Response 
 Nikiforov YE, Carty SE, Chiosea SI, et al. Highly ac curate diagnosis of c ancer in thyroid 
nodules with follicular neoplasms/suspicious for a follicular neoplasm cytology by ThyroSeq 
v2 next-generation sequencing assay. Cancer. Dec 2014;120(23):3627-34. PMID 25209362 

 Nikiforov YE, Carty SE, Chiosea SI, et al. Impact of the Multi-Gene ThyroSeq Next-
Generation Sequencing Assay on Cancer Diagnosis in Thyroid Nodules with Atypia of 
Undetermined Signific ance/Follicular Lesion of Undetermined Signific ance Cytology. 
Thyroid. Nov 2015;25(11):1217-1223. PMID 26356635 

 Valderrabano P, Khazai L, Leon ME, et al. Evaluation of ThyroSeq v2 performance in thyroid 
nodules with indeterminate cytology. Endocr Relat Cancer. Mar 2017;24(3):127-136. PMID 
28104680 

2 This test attempts to improve results over those of Afirma. Further data will be necessary to 
determine if it truly improves results of Afirma. The initial data are promising. 

3 ThyroSeq uses NGS [next-generation sequencing] with their final report showing specific 
gene mutation/ transloc ation. Among the c ommercially available tests, this is the most 
helpful in both ruling in and ruling out of indeterminate FNA thyroid c ases. It has both high 
NPV and PPV. The release of version 2.1 is an additional support to its usefulness in directing 
the appropriate c are of the patient. 
 Nikiforov YE. Molecular diagnostics of thyroid tumors. Arch Pathol Lab Med. May 
2011;135(5):569-577. PMID 21526955 

 Zhang M, Lin O. Molecular Testing of Thyroid Nodules: A Review of Current Available Tests 
for Fine-Needle Aspiration Specimens. Arch Pathol Lab Med. Dec 2016;140(12):1338-1344. 
PMID 27557410 

 Nikiforova MN, Wald AI, Roy S, et al. Targeted next-generation sequencing panel 
(ThyroSeq) for detection of mutations in thyroid c ancer. J Clin Endocrinol Metab. Nov 
2013;98(11):E1852-1860. PMID 23979959 

 Valderrabano P, Khazai L, Leon ME, et al. Evaluation of ThyroSeq v2 performance in thyroid 
nodules with indeterminate cytology. Endocr Relat Cancer. Mar 2017;24(3):127-136. PMID 
28104680 

4 90.9% sensitivity and 92.1% specificity 
 Nikiforov YE, Carty SE, Chiosea SI, et al. Impact of the Multi-Gene ThyroSeq Next-
Generation Sequencing Assay on Cancer Diagnosis in Thyroid Nodules with Atypia of 
Undetermined Signific ance/Follicular Lesion of Undetermined Signific ance Cytology. 
Thyroid. Nov 2015;25(11):1217-1223. PMID 26356635 

5 I am not familiar with this test. 
6 Multigene NGS panel for thyroid c ancer demonstrated analytic validity (100% ac curacy in 

evaluating samples of tumors with no variations). 
-Nikiforov et al 
Clinic al validity 
Testing for variants increased sensitivity and specificity. 
-Ferraz et al 
NPV 72-94% PPV 80-85% 
-Nikiforov et al, 2011 
Can be used to "rule in" as well as to "rule out" malignancy. 
Molecular test results from ThyroSeq alters management of these undetermined nodules. 
-Yip et al study concluded that addition of molecular testing increased the diagnosis of FNA 
specificity of c ancer to 95% and PPV to 82% from specificity of 28% with indeterminate FNA 
only. 
It also decreased the incidence of 2 stage surgeries 17% vs. 43%. 

7 Excellent NPV and very good PPV. Very helpful with decision making. In general, I would 
consider this most c ost effective, as it will save time, repeated biopsies and multiple 
surgeries. Would be nice if this is more affordable and easily available. 

8 Uses more than 60 genes. Indic ated when FNA cytology indic ates atypia of uncertain 
signific ance or follicular lesion of undetermined significance, follicular neoplasm or 
suspicious for malignancy. 

9 No experience with this assay. 

 
c. ThyGenX/ThyraMIR microRNA 
No. Response 
1 The ThyGenX/ThyraMIR test should be able to be used as both a “rule-in ” and a “rule-out ” 

malignancy test. This c ombination is attractive, as is the potential to help indic ate tumor 
aggressiveness, but the paucity of published trial data and validation studies is limiting. The 
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No. Response 
current evidence does suggest more reliability with Bethesda IV lesions and less with 
Bethesda III lesions. Most of the ATA [Americ an Thyroid Association] panel members indic ate 
that they have no clinic al experience with this test. 
 Labourier E, Shifrin A, Busseniers AE, et al. Molecular Testing for miRNA, mRNA, and DNA on 
Fine-Needle Aspiration Improves the Preoperative Diagnosis of Thyroid Nodules With 
Indeterminate Cytology. J Clin Endocrinol Metab. Jul 2015;100(7):2743-2750. PMID 
25965083 

2 This test is best used to guide extent of surgery in patients undergoing biopsy. It is best 
incorporated into a reflex algorithm where patients will be targeted for diagnostic 
lobectomy surgery and if this test is positive then those patients would receive a total 
thyroidec tomy at one operation instead of a c ompletion thyroidectomy at a sec ond 
operation. It is not designed to predict benign behavior of the lesion, rather it is designed to 
rule in malignancy. It is important that clinicians understand this very signific ant difference as 
if it is applied in the same manner that ThyroSeq or Afirma are used it will not function well. 

3 ThyGenX uses multiplex PCR by sequence-specific probes with their report showing specific 
gene mutation and transloc ation. It requires low DNA requirement. It has a high PPV. 
ThyraMIR reports as negative and positive. It is a reflex testing for a negative ThyGenX. It 
requires more data to support this format of reporting. 
This test c an be used as an alternative to ThyroSeq. 
 Labourier E, Shifrin A, Busseniers AE, et al. Molecular Testing for miRNA, mRNA, and DNA on 
Fine-Needle Aspiration Improves the Preoperative Diagnosis of Thyroid Nodules With 
Indeterminate Cytology. J Clin Endocrinol Metab. Jul 2015;100(7):2743-2750. PMID 
25965083 

 Zhang M, Lin O. Molecular Testing of Thyroid Nodules: A Review of Current Available Tests 
for Fine-Needle Aspiration Specimens. Arch Pathol Lab Med. Dec 2016;140(12):1338-1344. 
PMID 27557410 

4 Negative predic tive value 94% and positive predic tive value 74% 
 Labourier E, Beaudenon A, Wylie D, Giordano TJ. Multi-c ategoric al testing for miRNA, 
mRNA and DNA on fine needle aspiration improves the preoperative diagnosis of thyroid 
nodules with indeterminate cytology. ENDO 2015. Presented at the 97th Meeting and Expo 
of the Endocrine Society March 5-8, 2015. SAT-344 

5 I am familiar with this from residency training and conference resources. 
6 Combined use demonstrated analytic validity: 

Hadd et al and Wylie et al (2010) 
PPV: Up to 82% 
NPV: 94% 
Await further investigations to determine clinic al validity and utility. 

7 Excellent NPV but mildly low PPV for AUS/FLUS (<70%). I have less experience with this testing, 
as it is not utilized in our institution. 

8 Combined testing is to predic t malignancy 
ThyGenX Positive Test – Rule in for surgic al resection 
ThyGenX Negative Test – Reflex ThyraMIR micro RNA 

9 No experience with this assay. 
 

 
d. RosettaGX Reveal 
No. Response 

1 This is a genetic test that c an be performed on the prepared cytology slides and obviates 
the need for dedic ated passes or repeat biopsy. The small validation study reported an 
adequate NPV but limited PPV and more studies are needed. None of the members of the 
ATA panel had clinic al experience with this test. 
 Lithwick-Yanai G, Dromi N, Shtabsky A, et al. Multicenter validation of a micro-RNA based 
assay for diagnosing indeterminate thyroid nodules utilising fine needle aspirate smears. J 
ClinPathol, June 2016;70(6);500-507. PMID 27798083 
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No. Response 
2 Further data are needed to demonstrate the clinic al utility of this test and it is unlikely to be u

seful by itself. It is likely best used in c ombination with other molecular tests as it has only the 
ability to predict malignancy. In general cytopathology is fairly good at diagnosing 
malignancy in Bethesda 5 nodules and this test may be used similar to ThyGenX as a rule in 
molecular marker to guide extent of excision. It does not help to keep patients out of the 
operating room. 

3 Not familiar with the test 

4 99% NPV and 62% PPV 
 Bar D, Meiri E, et al., International Thyroid Congress, Orlando, October 18-23, 2015 

5 I am not familiar with this test. 

6 Unknown 

7 Excellent NPV, low PPV. Good resource as repeat sampling is not needed. Would definitely 
use it for “Rule Out” test where patient prefers no repeat biopsy. 

8 No response 

9 No experience with this assay. 

 
e. Afirma BRAF 

No. Response 
1 This provides a reflex option to test for BRAF V600E, the most common genomic abnormality 

in differentiated thyroid c ancer. A positive BRAF mutation confers a 99% risk of PTC and has 
been shown in some studies to be associated with more aggressive disease and higher 
mortality. This would help “rule in ” malignancy in the 45% of PTC lesions that are BRAF 
mutated and help in the clinic al decision process by identifying FNAB cytologic ally 
indeterminate nodules that are most concerning for malignancy. However, all of the panel 
members feel that more clinic al data on its performance is needed. 
 Xing M, Alzahrani AS, Carson KA, et al. Association between BRAF V600E mutation and 
mortality in patients with papillary thyroid c ancer. JAMA. Apr 2013;309(14):1493-501. PMID 
23571588 

2 This test by itself is not useful however in combination with the gene expression classifier it is. 
Data are mixed regarding whether BRAF positivity really indic ates a more aggressive tumor. 
More aggressive thyroid c ancers likely have multiple mutations triggering aggressive behavi
or outside of isolated BRAF positivity. 

3 Both Afirma BRAF and MTC have limited value as an individual test. Its analytic al ac curacy is 
good, but its clinic al utility is of concern. They have to be part of a panel. 
 Jara SM, Bhatnagar R, Guan H, et al. Utility of BRAF mutation detection in fine-needle 
aspiration biopsy samples read as “suspicious for papillary thyroid c arcinoma”. Head Neck. 
Dec 2015;37(12):1788-93. PMID 24989827 

 Lin JD, Fu SS, Chen JY, et al. Clinic al Manifestations and Gene Expression in Patients with 
Conventional Papillary Thyroid Carcinoma Carrying the BRAF(V600E) Mutation and BRAF 
Pseudogene. Thyroid. May 2016;26(5):691-704. PMID 26914762 

4 Positive mutation has high specificity for c ancer. 
 Diggans, J, et al. Pac Symp Biocomput 2015Diggans J, Kim SY, Hu Z, et al. Machine learning 
from concept to clinic: reliable detection of BRAF V600E DNA mutations in thyroid nodules 
using high-dimensional RNA expression data. Pac Symp Bioc omput. 2015:371-82. PMID 
25592597 

5 I am familiar with this from residency training and NCCN guidelines. 
6 Diggans (2015) 

PPA: 90.4% 
NPA: 99% with 100% specificity for papillary thyroid c ancer 
(If positive proceed with surgery) 

7 Excellent PPV, but there are some c ases where Afirma was suspicious BRAF not reported. 
Unsure why. Need for proper sampling. 

8 To predict malignancy from a FNA sample with increased pretest probability for malignancy. 
Positive would inform preoperative planning such as planning for hemi-vs. a total 
thyroidectomy or performance of a central neck dissection. 
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No. Response 
9 No experience with this BRAF assay. 

 
f. Afirma MTC 

No. Response 
1 This provides a reflex test option to test for Medullary Thyroid Cancer (MTC), MTC c an be 

difficult to diagnose on FNA (cytology) specimens and is often c alled indeterminate 
(Bethesda 4) on FNA cytology. The cytopathologist may not think of this rare c ancer, thus 
the MTC classifier is a helpful addition to the Afirma GEC. Identifying MTC preoperatively is 
important to guide appropriate surgery. While the PPV of this test for MTC is 98%, it is 
unknown if it performs better than measuring c alcitonin level on blood or in cytology 
specimen, in addition to the regular Afirma GEC without the MTC c assette. 
 Trimboli P, Treglia G, Guidobaldi L, et al. Detection rate of RNA cytology in medullary 
thyroid c arcinoma: a meta-analysis. Clinic al Endocrinology. Feb 2015;82(2):280-5. PMID 
25047365 

 Pankratz D Analytic al validation of a gene expression classifier for medullary thyroid 
c arcinoma. Americ an Association of Clinic al Endocrinologist Annual Meeting 2014.  

2 Again, this test is useful in combination with the gene expression classifier but is not useful as 
an isolated test by itself. 

3 Both Afirma BRAF and MTC have limited value as an individual test. Its analytic al ac curacy is 
good, but its clinic al utility is of concern. They have to be part of a panel. 
 Jara SM, Bhatnagar R, Guan H, et al. Utility of BRAF mutation detection in fine-needle 
aspiration biopsy samples read as “suspicious for papillary thyroid c arcinoma”. Head Neck. 
Dec 2015;37(12):1788-93. PMID 24989827 

 Lin JD, Fu SS, Chen JY, et al. Clinic al Manifestations and Gene Expression in Patients with 
Conventional Papillary Thyroid Carcinoma Carrying the BRAF(V600E) Mutation and BRAF 
Pseudogene. Thyroid. May 2016;26(5):691-704. PMID 26914762 

4 Positive predictive value of 97.9%, Negative predictive value of 99.8% 
If positive, high likelihood for c ancer. 
 Kloos RT, Monroe RJ, Traweek ST, et al. A Genomic Alternative to Identify Medullary Thyroid 
Cancer Preoperatively in Thyroid Nodules with Indeterminate Cytology. Thyroid. Jun 
2016;26(6):785-793. PMID 26992356 

5 I am not familiar with this test. 
6 Kloos, et al (2016) 

Pan Krutz, et al (2016) 
PPV of 97.7% 
(If positive proceed with surgery) 

7 Useful. Rarely positive. 
8 To predict malignancy from FNA sample with increased pretest probability for malignancy. 
9 Widely ac cepted by endocrinologists within our clientele for follow-up on indeterminate 

FNAs of thyroid nodules. Unfortunately we have not prospectively tracked follow-up 
surgeries or any subsequent FNAs to determine correlation of Afirma results with final 
diagnoses.  

 
8. Ad ditional comments and /or any cita tions supporting your clinic al input on this topic. 

No. Additional Comments 

1 NPV and PPV are not inherent to a test and are largely influenced by the prevalence of 
disease in the patient cohort. 
Molecular testing should be considered for Bethesda categories III, IV and V. 
It is frequently said that the absence of evidence of benefit is not the same as evidence of 
absence of a benefit. With the rapid changes in technology and available testing for 
molecular markers, there is an increasing recognition that papillary thyroid c ancer may be a 
disease that is indolent for many patients. Prior approaches to patients with PTC have been 
regarded as too aggressive regarding surgery, surgic al extent, and post-surgic al therapy 
and surveillance. These fac tors make it unlikely that we will see well done prospective trials in 
which pathology will be available as a gold standard to adjudic ate the true presence of 
disease in patients with a reported low likelihood of malignancy. 
It is important that this technology be permitted to advance and mature and that clinic al 
experience informs the optimum use of these methodologies in the future. 
Greatest utility of molecular testing of thyroid nodules is to ac curately diagnose benign 
nodules; most of the above tests c an diagnose benign nodules and have helped reduce 
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No. Additional Comments 

the number of patients who historic ally have undergone surgery that was ultimately 
deemed unnecessary bec ause of a benign final pathology result. 
All have their limitations; for all of the tests the validation c ohorts are small test populations. 

2 Molecular testing of fine needle aspirates for thyroid tissue is an important adjunct in the 
management of these patients. Bec ause the majority of disease is benign every effort 
should be undertaken to keep patients out of the operating room. Surgery is both expensive 
and c an result in disastrous lifelong complic ation and impaired quality of life for a patient. 
Even though surgic al complic ations after thyroidectomy are very rare, bec ause the 
incidence of malignancy is so low any type of impairment in quality of life as a result of 
surgic al therapy must be weighed c arefully against the opportunity for improved 
diagnostics to eliminate the need for diagnostic surgery in c ases of indeterminate thyroid 
nodules. The biggest opportunity for improvement regarding the use of these tests is to work 
with institutions so that ThyroSeq or Afirma GEC is performed on Bethesda 3 and 4 nodules. 
The latest recommend ations from the Americ an Thyroid Association indic ate that unilateral 
excision c an be performed for malignancy up to 4 cm. As a result, the extent of surgery just 
based on ultra characteristics has changed with an emphasis now being placed on 
unilateral resection for many of these lesions. Therefore performing RosettaGX, or ThyGenX, 
Afirma Braf is not as important bec ause many of these patients only need unilateral 
resection regardless of the genetics of the Bethesda 5 lesion. Again data are mixed whether 
or not the molecular markers at this point c an truly predict more aggressive c arcinoma and 
guide extent of resection. Clinic ally if I tell the patient they have greater than a 70% chance 
of a c ancer in a lesion (Bethesda 5) the patient will want the lesion removed regardless of 
additional molecular testing. During surgery for Bethesda 5 lesions, frozen section is able to 
ac curately diagnose papillary thyroid c arcinoma at the time of surgery, and as such if the 
surgeon and patient have agreed to a total thyroidectomy then that c an be pursued 
during the index operation without need for completion directly. At the current time the 
data are not sufficient to recommend total thyroidectomy on the basis of BRAF positivity 
alone, and while initial data seem to be promising, certainly more data needs to emerge 
before molecular testing alone guides extent of surgery. As a result these tests are very 
important and should continue to be offered to patients. 

3 All these tests need to be supported bec ause they help triage the c are of the patient and 
will ultimately lower the overall healthc are cost. 

4 None. 
5 None. 
6 For all thyroid nodules with diagnosis of FLUS, AUS and follicular neoplasm, molecular testing 

with ThyroSeq v.2 is utilized most of the time. Results from this analysis have played a crucial 
role in determining which patients are recommended to have surgery and which patients 
are placed under active surveillance. The number of “surgic al biopsies” has decreased in 
number as a result of the availability of molecular testing. Clinic al utility remains to be seen 
after long term follow up. 
Although previous studies have demonstrated more aggressive nature of tumors with BRAF 
mutations, this behavior has not been observed in other studies. Thus BRAF mutation is not 
clinic ally utilized in determining or changing the type of planned surgery. Clinic al staging still 
plays a major role in determining the extent of surgic al intervention (i.e., presence or 
absence of nodal disease on exam and radiography, extrac apsular extension of primary 
tumor on ultrasound, voc al fold paralysis, fixation of tumor to anatomic al structures, etc). 

7 Would be nice to have one generalized test and one generalized recommendation for 
thyroid nodules of indeterminate c ategory. 

8 Surgic al excision is the standard of c are for the management of equivoc al cytologic results. 
Optimal molecular test that has high NPV or high PPV – that c an definitely rule in or rule out 
malignancy is needed. Long term outc ome data proving clinic al utility is mandated. 

9 None. 
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9. Is there any evidence missing from the attached draft review of evidence that demonstrates 
clinic al benefit? 

No. Yes/No Citations of Missing Evidence 

1 Yes Afirma developed a new GSC (gene sequence classifier) test with improved PPV. The 
results have not yet been published, but have been presented at medic al 
conferences. 
ThyroSeq is testing a new version (ThyroSeq v3) that includes 112 gene mutations, 
fusions etc. 

2 No  

3 No  

4 No  

5 No  

6 Yes Results from long term follow up of those patients (longer than 13 months) placed 
under active surveillance from benign c ategory to determine the true negative results 
from false negatives, and assessment of whether there has been harm from delay in 
diagnosis would be needed to demonstrate true clinic al benefit from molecular 
testing. 

7 No  

8 No  

9 No  
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Documentation for Clinical Review 
 
Please provide the following documentation (if /when requested): 

 History and physic al and /or consulta tion notes including:  
o Preliminary diagnosis and prognosis 
o Operative reports 
o Specific test(s) requested and clinic al reason/justific ation for testing 
o How test result will impa ct clinic al decision making 
o Treatment plan 

 Laboratory and /or Pathology report(s) (e.g., Fine Needle Aspiration (FNA) of the thyroid 
cytology reports) 

 Laboratory invoice /order indic ating specific test(s) / panel(s) and assoc iated 
procedure codes 

 
Post Service 

 Results/reports of tests performed 
 Procedure report(s) 

 

Coding 
 
This Policy relates only to the services or supplies described herein. Benefits may vary a c cording to 
produc t design; therefore, contra ct language should be reviewed before applying the terms of 
the Policy. Inclusion or exclusion of codes does not constitute or imply member coverage or 
provider reimbursement.  
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MN/IE 
The following services may be considered medically necessary in certain instances and 
investigational in others. Services may be considered medically necessary when policy criteria 
are met. Services may be considered investigational when the policy criteria are not met or when 
the code describes application of a product in the position statement that is investigational. 
 

Type Code Description 

CPT® 

0018U 
Oncology (thyroid), microRNA profiling by RT-PCR of 10 microRNA 
sequences, utilizing fine needle aspirate, algorithm reported as a 
positive or negative result for moderate to high risk of malignancy  

0026U 

Oncology (thyroid), DNA and mRNA of 112 genes, next-generation 
sequencing, fine needle aspirate of thyroid nodule, algorithmic 
analysis reported as a c ategoric al result ("Positive, high probability of 
malignancy" or "Negative, low probability of malignancy")  

81345 
TERT (telomerase reverse transcriptase) (e.g., thyroid c arcinoma, 
glioblastoma multiforme) gene analysis, targeted sequence analysis 
(e.g., promoter region) (Code effective 1/1/2019) 

81445 

Targeted genomic sequence analysis panel, solid organ neoplasm, 
DNA analysis, and RNA analysis when performed, 5-50 genes (e.g., 
ALK, BRAF, CDKN2A, EGFR, ERBB2, KIT, KRAS, NRAS, MET, PDGFRA, 
PDGFRB, PGR, PIK3CA, PTEN, RET), interrogation for sequence variants 
and copy number variants or rearrangements, if performed 

81545 
Oncology (thyroid), gene expression analysis of 142 genes, utilizing 
fine needle aspirate, algorithm reported as a c ategoric al result (e.g., 
benign or suspicious) 

HCPCS None 
ICD-10 
Procedure 

None 

 

Policy History 
 
This sec tion provides a chronologic al history of the a ctivities, updates and changes that have 
oc curred with this Medical Policy. 

 
Effective Date Action  Reason 
11/26/2014 BCBSA Medic al Policy adoption Medic al Policy Committee 
09/30/2015 Policy revision without position change Medic al Policy Committee 
02/01/2017 Policy revision without position change Medic al Policy Committee 
03/01/2018 Policy revision without position change Medic al Policy Committee 
05/01/2018 Coding update Administrative Review 
09/01/2018 Policy revision without position change Medic al Policy Committee 
02/01/2019 Coding update Administrative Review 
10/01/2019 Policy revision without position change Medic al Policy Committee 

 
Definitions of Decision Determinations 
 
Medically Necessary:  A treatment, procedure, or drug is medic ally necessary only when it has 
been established as safe and effec tive for the particular symptoms or diagnosis, is not 
investigational or experimental, is not being provided primarily for the convenience of the patient 
or the provider, and is provided at the most appropriate level to treat the condition.   
 
Investigational /Experimental:  A treatment, procedure, or drug is investigational when it has not 
been recognized as safe and effec tive for use in treating the particular condition in ac cordance 
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with generally a c cepted professional medic al standards. This includes services where approval by 
the federal or sta te governmental is required prior to use, but has not yet been granted.   
 
Split Evaluation:  Blue Shield of California /Blue Shield of California Life & Health Insurance 
Company (Blue Shield) policy review c an result in a split evaluation, where a treatment, 
procedure, or drug will be considered to be investigational for certain indic ations or conditions, 
but will be deemed safe and effective for other indic ations or conditions, and therefore potentially 
medic ally necessary in those instances. 
 

Prior Authorization Requirements (as applicable to your plan) 
 
Within five days before the a ctual date of service, the provider must confirm with Blue Shield that 
the member's health plan coverage is still in effec t. Blue Shield reserves the right to revoke an 
authorization prior to services being rendered based on c ancellation of the member's eligibility. 
Final determination of benefits will be made after review of the claim for limitations or exclusions.  
 
Questions regarding the applic ability of this policy should be direc ted to the Prior Authorization 
Department. Please c all (800) 541-6652 or visit the provider portal at 
www.blueshield c a.com / provider. 
 
Disclaimer: This medic al policy is a guide in evaluating the medic al necessity of a particular service or 
treatment. Blue Shield of California may c onsider published peer-reviewed scientific literature, national 
guidelines, and loc al standards of practice in developing its medic al policy. Federal and state law, as well as 
contract language, including definitions and specific contract provisions/exclusions, take precedence over 
medic al policy and must be considered first in determining covered services. Member contracts may differ in 
their benefits. Blue Shield reserves the right to review and update policies as appropriate. 
 


