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IMPORTANT REMINDER
Medical Policies are developed to provide guidance for members and providers regarding coverage in
accordance with contract terms. Benefit determinations are based in all cases on the applicable contract
language. To the extent there may be any conflict between the Medical Policy and contract language, the contract
language takes precedence.
PLEASE NOTE: Contracts exclude from coverage, among other things, services or procedures that are
considered investigational or cosmetic. Providers may bill members for services or procedures that are
considered investigational or cosmetic. Providers are encouraged to inform members before rendering such
services that the members are likely to be financially responsible for the cost of these services.

DESCRIPTION
Molecular markers, gene expression tests and mutation analyses have been developed to help
improve the diagnostic accuracy of indeterminate thyroid nodule cytology results and avoid
unnecessary surgical resection.

MEDICAL POLICY CRITERIA
I. Gene expression classifiers, genetic variant analysis, and molecular marker testing in
fine-needle aspirates of the thyroid may be considered medically necessary when
any of the following criteria are met:
A.

Use of either the Afirma® Gene Expression Classifier (including BRAF and MTC
reflex testing) or the ThyroSeq® Genomic Classifier when all of the following
criteria (1-3) are met:
1. Patients greater than or equal to 21 years of age; and
2. Thyroid nodule greater than or equal to 1 cm; and
3. Fine-needle aspirate samples from thyroid nodules that have indeterminate
cytology as indicated by any of the following conditions:
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a. Bethesda diagnostic category III, i.e., Atypia of undetermined
significance/Follicular lesion of undetermined significance (AUS/FLUS); or
b. Bethesda diagnostic category IV, i.e., follicular neoplasm or suspicious for
a follicular neoplasm; or
c. Follicular or Hürthle cell neoplasm.
B.

Use of ThyroSeq®, ThyraMIRTM, or ThyGenX® with or without ThyraMIRTM, when
all of the following criteria (1-3) are met:
1. Patients greater than or equal to 21 years of age; and
2. Thyroid nodule greater than or equal to 1 cm; and
3. Fine-needle aspirate samples from thyroid nodules that have indeterminate or
suspicious cytology as indicated by any of the following conditions:
a. Bethesda diagnostic category III, i.e., Atypia of undetermined
significance/Follicular lesion of undetermined significance (AUS/FLUS); or
b. Bethesda diagnostic category IV, i.e., follicular neoplasm or suspicious for
a follicular neoplasm; or
c. Hürthle cell neoplasm; or
d. Bethesda diagnostic category V, i.e., suspicious for malignancy.

II. Gene expression classifiers, genetic variant analysis, and molecular marker testing in
fine-needle aspirates of the thyroid, including but not limited to RosettaGX RevealTM
are considered investigational when the above criteria are not met.
NOTE: A summary of the supporting rationale for the policy criteria is at the end of the policy.

POLICY GUIDELINES
SUBMISSION OF DOCUMENTATION
In order to determine the clinical utility of gene test(s), all of the following information must be
submitted for review. If any of these items are not submitted, it could impact our review and
decision outcome:
•
•
•
•
•
•

Name of the genetic test(s) or panel test
Name of the performing laboratory and/or genetic testing organization (more than one
may be listed)
The exact gene(s) and/or variant(s) being tested
Relevant billing codes
Brief description of how the genetic test results will guide clinical decisions that would
not otherwise be made in the absence testing
Medical records related to this genetic test:
o History and physical/chart notes
o Conventional testing and outcomes
o Thyroid nodule size and cytology results

THYGENX® AND THYRAMIR™ COMBINATION TESTING
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ThyGenX® is intended to be used in conjunction with the ThyraMIR™ microRNA expression
test when the initial ThyGenX™ test is negative. Criterion I.B. is applicable to testing either
test or both tests in combination.

CROSS REFERENCES
1. Genetic and Molecular Diagnostic Testing, Genetic Testing, Policy No. 20

BACKGROUND
BACKGROUND
Thyroid Nodules and Cancer
Thyroid nodules are solid or fluid-filled lumps that form within the thyroid gland. Thyroid
nodules are common and present in 5% to 7% of the U.S. population. The vast majority of
these nodules are benign, and most cases of thyroid cancer are curable by surgery if
detected early; however, about 4% to 10% of thyroid nodules are deemed cytologically
malignant.
Thyroid cancer accounts for 3.1% of all new cancer cases each year in the United States.[1]
The most common type of thyroid cancers include well-differentiated papillary thyroid
carcinoma (PTC), which accounts for nearly 80%, and follicular cell carcinoma, which
accounts for about 10% of all thyroid cancers.[2] Poorly differentiated and anaplastic thyroid
carcinomas are uncommon and can arise de novo or from preexisting well-differentiated
papillary or follicular carcinomas. Medullary thyroid carcinoma originates from parafollicular or
C cells and accounts for about 3% of all thyroid cancers.
Fine Needle Aspiration of the Thyroid
Fine needle aspiration (FNA) of the thyroid is used to obtain cells to distinguish between
benign and malignant thyroid nodules. FNA uses a fine needle to biopsy the cells of the
thyroid nodule for cytological examination. About 60-70% of thyroid nodules are classified
cytologically as benign, and 4-10% of nodules are cytologically deemed malignant using The
Bethesda System for Reporting Thyroid Cytopathology.[3,4] However, the remaining 20-30%
have equivocal findings (inclusive, indeterminate, atypical, or suspicious), usually due to
overlapping cytologic features between benign and malignant nodules. Historically,
approximately 80% of patients with indeterminate cytology undergo surgical resection and
postoperative evaluation most often revealed a malignancy rate ranging from 6-30%, making
this clinical process one with very low specificity.[5]
Preoperative planning of optimal surgical management in patients with equivocal cytologic
results is challenging, as different thyroid malignancies may require different surgical
procedures (e.g. unilateral lobectomy versus total or sub-total thyroidectomy with or without
lymph node dissection) depending on several factors, including histologic subtype and riskstratification strategies (tumor size, patient age, etc.) If a diagnosis cannot be made
intraoperatively, a lobectomy is typically performed, and if on postoperative histology the
lesion is malignant, a second surgical intervention may be necessary for completion
thyroidectomy.
If a case is indeterminate, surgical biopsy with intraoperative consultation is most often
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diagnostic, although its efficacy and therefore use will vary between institutions, surgeons,
and pathologists. For follicular carcinoma, the presence of invasion of the tumor capsule or of
blood vessels is diagnostic and cannot be determined by cytology, as tissue sampling is
necessary to observe these histologic characteristics. Intraoperative diagnosis of follicular
carcinoma is challenging and often not feasible, as extensive sampling of the tumor and
capsule is usually necessary and performed on postoperative permanent sections.
New approaches for improving the diagnostic accuracy of thyroid FNA include molecular
analysis for somatic genetic alterations, in order to more accurately classify which patients
need to proceed to surgery, and may include the extent of surgery necessary, versus those
patients who do not need surgery and can be safely followed.
Molecular Markers Associated with Thyroid Cancer
Various molecular markers have been discovered in thyroid cancer. The four gene mutations
that are the most common and carry the highest impact on tumor diagnosis and prognosis are
BRAF and RAS point mutations and RET/PTC and PAX8/PPARγ rearrangements.
Papillary carcinomas carry point mutations of the BRAF and RAS genes as well as RET/PTC
and TRK rearrangements, all of which are able to activate the mitogen-activated protein
kinase (MAPK) pathway.[6] These mutually exclusive mutations are found in more than 70% of
papillary carcinomas.[6] BRAF mutations are highly specific for PTC. Follicular carcinomas
harbor either RAS mutations or PAX8/PPARγ rearrangement. These mutations are also
mutually exclusive and identified in 70-75% of follicular carcinomas.[6] Genetic alterations
involving the PI3K/AKT signaling pathway also occur in thyroid tumors, although they are rare
in well-differentiated thyroid cancer and have higher prevalence in less differentiated thyroid
carcinomas.[6] Additional mutations known to occur in poorly differentiated and anaplastic
carcinomas involve the TP53 and CTNNB1 genes. Medullary carcinomas, which can be
familial or sporadic, frequently possess point mutations located in the RET gene.
Available Molecular Diagnostic Testing
Variant Detection and Rearrangement Testing
Mutation analysis testing examines specific genes, which often include BRAF, RAS, and
RET, and evaluates them for rearrangements which could be associated with thyroid cancers.
Mutation analysis testing can be analyzed using Sanger sequencing, pyrosequencing, or by
using real-time polymerase chain reaction (rtPCR). Panels of tests for mutations associated
with thyroid cancer are also available. For example, Quest Diagnostics offers a Thyroid
Cancer Mutation Panel, which includes BRAF and RAS mutation analysis and testing for
RET/PTC and PAX8/PPARγ rearrangements. In addition to standard Sanger sequencing or
rtPCR-based mutation testing for genes associated with thyroid cancer, next-generation
sequencing (NGS) panels that simultaneously evaluate for point mutations or gene fusions in
multiple genes have been developed. For example, the ThyroSeq® v.2 Next Generation
Sequencing panel (CBLPath) includes sequencing of more than 60 genes.
According to the ThyroSeq®’s manufacturer’s website, the test is indicated when FNA
cytology indicates atypia of uncertain significance or follicular lesion of undetermined
significance, follicular neoplasm or suspicious for follicular neoplasm, or suspicious for
malignancy. In particular, it has been evaluated in patients with follicular neoplasm/suspicious
for follicular neoplasm on FNA as a test to increase both sensitivity and specificity for cancer
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diagnosis.
The ThyGenX™ Thyroid Oncogene Panel (formerly miRInform® Thyroid; Interpace
Diagnostics; testing done at Asuragen Clinical Laboratory) is another NGS sequencing panel
designed to be used in patients with indeterminate thyroid FNA results. It includes sequencing
of eight genes associated with papillary thyroid carcinoma and follicular carcinomas (KRAS,
BRAF, HRAS, NRAS, RET/PTC1, RET/PTC3, PIK3CA, and PAX8/PPARγ). ThyGenX™ is
intended to be used in conjunction with the ThyraMIR™ microRNA expression test when the
initial ThyGenX™ test is negative.
Gene Expression Classifier
Genetic alterations associated with thyroid cancer can be assessed through the use of gene
expression profiling, which refers to analysis of messenger RNA (mRNA) expression levels of
many genes simultaneously using microarray analysis. There are two gene expression
profiling tests are now available to biologically stratify tissue from thyroid nodules: Afirma®
and ThyraMIR™.
Afirma®
The Afirma® Gene Expression Classifier (Afirma® GEC; Veracyte) is a proprietary diagnostic
test that analyzes the expression of 167-gene mRNA expressions to determine patterns
associated with benign findings on surgical biopsy. It is designed to be used for thyroid
nodules that have an “indeterminate” cytologic classification on FNA as a method to select
patients who are at low risk for cancer (“rule out”).
Veracyte also markets two “malignancy classifiers” that use mRNA expression-based
classification to evaluate for BRAF mutations or mutations associated with medullary thyroid
carcinoma (Afirma® BRAF, and Afirma® MTC, respectively). In a description of the
generation of the Afirma® BRAF test, the authors outline the following proposed benefits of
the mRNA-based expression test for BRAF mutations: 1) PCR based methods may have low
sensitivity, requiring that a large proportion of the nodule have a relevant mutation; 2) testing
for only one mutation may not detect patients with low-frequency mutations that result in the
same pattern of pathway activation; and 3) PCR-based approaches with high analytic
sensitivity may require a large of among of DNA that is difficult to isolate from small FNA
samples.[5] The Afirma® MTC is included when the Afirma® GEC is ordered for thyroid
nodules with an “intermediate” classification on FNA, and can also be used for thyroid
nodules with “malignant” or “suspicious” results on Afirma® GEC. The Afirma® BRAF is
designed to be used for nodules with “suspicious” results on Afirma® GEC.
ThyraMIR™
ThyraMIR™ is a seven gene panel with a gene expression classifier involving 10 microRNAs:
miR-29-b-1-5p, miR-31-5p, miR-138-1-3p, miR-139-5p, miR-146b-5p, miR-155, miR204-5p,
miR-222-3p, miR-375, and miR-551b-3p. Similar in concept to the Afirma® GEC, the
microRNA classifier provides a "positive" or "negative" results based on an algorithm trained
on the microRNA expression profiles of histologically benign and malignant reference thyroid
nodules. Interpace Diagnostics offers the ThyraMIR™ microRNA expression classifier as a
reflex test on aspirates that are negative for the seven gene ThyGenX mutation analysis
panel.
REGULATORY STATUS
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Commercially available, laboratory-developed tests are regulated under the Clinical
Laboratory Improvement Amendments (CLIA). Premarket approval from the U.S. Food and
Drug Administration (FDA) is not required when the assay is performed in a laboratory that is
licensed by CLIA for high-complexity testing.
EVIDENCE SUMMARY
Human Genome Variation Society (HGVS) nomenclature[7] is used to describe variants found
in DNA and serves as an international standard. It is being implemented for genetic testing
medical evidence review updates starting in 2017. According to this nomenclature, the term
“variant” is used to describe a change in a DNA or protein sequence, replacing previously-used
terms, such as “mutation.” Pathogenic variants are variants associated with disease, while
benign variants are not. The majority of genetic changes have unknown effects on human
health, and these are referred to as variants of uncertain significance.
Validation of the clinical use of any genetic test focuses on three main principles:
1. The analytic validity of the test, which refers to the technical accuracy of the test in
detecting a mutation that is present or in excluding a mutation that is absent;
2. The clinical validity of the test, which refers to the diagnostic performance of the test
(sensitivity, specificity, positive and negative predictive values) in detecting clinical
disease; and
3. The clinical utility of the test, i.e., how the results of the diagnostic test will be used to
change management of the patient and whether these changes in management lead to
clinically important improvements in health outcomes.
The literature on the use of molecular markers to characterize thyroid nodules diagnosed by
fine needle aspiration (FNA) as indeterminate, atypical, or suspicious has been evaluated in a
number of studies. Typically, FNA diagnoses are defined as either nondiagnostic, benign,
atypia of undetermined significance (AUS/FLUS), or suspicious for follicular neoplasm (SFN),
suspicious for malignancy (SFM), or malignant. Many studies have analyzed using the GEC
or point mutation analysis in FNAs, and compared the preoperative cytologic diagnosis and
mutation status to postoperative final histologic diagnosis to determine diagnostic accuracy of
the presence of a mutation to predict the presence of malignancy. The remaining studies
analyzed the clinical utility of the GEC (e.g. Afirma®), to determine how the results affected
provider decision making about surgical resection thyroid.
MOLECULAR MARKERS TO PREDICT MALIGNANCY
Analytic Validity
Variant Detection and Rearrangement Testing
Point mutations in specific genes associated with thyroid cancer, such as the BRAF V600E
gene, and the detection of genetic rearrangements associated with thyroid cancer, such as
the RET/PTC rearrangement, are typically detected with real-time PCR (rtPCR) sequencing
methods. In the case of mutation testing for genes associated with thyroid cancer malignancy,
analytic validity refers to a test’s technical accuracy in detecting a mutation that is present or
in excluding a mutation that is absent. Generally, rtPCR-based methods are considered to
have high accuracy. For example, Smith reported technical performance characteristics for
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BRAF mutation detection by qualitative PCR in thyroid FNA samples with high within- and
between-run reproducibility.[8]
Next-generation sequencing (NGS) is expected to have high accuracy for detecting a
mutation that is present. However, with increasing numbers of tested mutations, there is
increased risk of detection of variants of uncertain significance (VUS). The VUS rate for
currently-available NGS panels for thyroid cancer is not well-characterized. Nikiforova
described the development and validation of a multigene NGS panel for thyroid cancer, the
ThyroSeq® panel.[9] The authors developed a custom library of gene sequence variants
based on mutations previously reported in the literature. The assay demonstrated 100%
accuracy in evaluating samples of 15 thyroid tumors and three cell lines with known genetic
alterations and 15 DNA samples with no mutations. In analysis of 229 DNA samples from
frozen tissues, formalin-fixed, paraffin-embedded tissues, and FNAs (n=105, 72, and 52,
respectively), the panel identified mutations in 19 of 27 (70%) of classic papillary thyroid
carcinomas (PTCs), 25 of 30 (83%) follicular variant PTCs, 14 of 18 (78%) conventional and 7
of 18 (39%) Hürthle cell carcinomas, three of 10 (30%) poorly differentiated carcinomas, 20 of
27 (74%) anaplastic thyroid carcinomas, and 11 of 15 (73%) medullary thyroid carcinomas. Of
83 benign nodules, five (6%) were positive for mutations.
Beaudenon-Huibregtset reported the results of a prospective evaluation of an NGS panel that
evaluated for 14 single nucleotide substitutions in the BRAF, HRAS, KRAS, or NRAS genes
and three fusion transcripts, PAX8-PPARG, RET-PTC1, and RET-PTC3 (ThyGenX panel) in
806 nodule aspirates from 618 subjects.[10] A single genetic alteration was detected in 80% of
cytology malignant cases, 21% of indeterminate, 7.8% of nondiagnostic, and 3.5% of benign
cases
Gene Expression Classifier
In 2015, Diggans described the development and validation Afirma® BRAF malignancy
classifier.[5] The study included FNA biopsies from 716 thyroid nodules. Biopsies were
evaluated with quantitative PCR (qPCR) for the BRAF V600E mutation, with 181 used as a
training sample and 535 used as a validation sample. The Afirma® BRAF malignancy
classifier was generated using robust multichip average-normalized gene expression
summaries, and the classifiers were evaluated for positive percent agreement (PPA) and
negative percent agreement (NPA) with the PCR-derived gene classification. The highest
scoring classification method and gene set were then used in a final round of model building.
The maximum PPA and NPA for all cytology categories was observed when the threshold for
BRAF-positive status was 5% or more BRAF mutations. At 5% analytic sensitivity, Afirma®
BRAF demonstrates a PPA with PCR results of 90.4% (95% exact binomial confidence
interval [CI], 83.5% to 95.1%) and an NPA of 99% (95% CI, 97.6% to 99.7%). There were two
samples in the training set and four samples in the validation set that were Afirma® BRAF
positive but negative (0% mutation) on PCR, which the authors attribute to either technical
variability in either assay or variants other than BRAF V600E that cause similar gene
expression changes.
Intra- and inter-run reproducibility of the classifier was evaluated using nine FNA biopsies
(FNABs) and three tissue controls selected from among training samples with high (BRAFpositive) or low (BRAF-negative) classifier scores and scores near the classifier decision
boundary. Each FNAB and tissue was processed from total RNA in triplicate in each of three
different runs across days, operators and reagent lots. The intra-assay standard deviation
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(SD) of Afirma® BRAF scores was 0.171 (95% CI, 0.146 to 0.204). Of the 106 Afirma® BRAF
calls produced (two arrays failed quality control requirements), 106 resulted in concordant
calls across all three runs (100% concordance). The interassay SD of scores was 0.204 (95%
CI, 0.178 to 0.237) for scores measured on a six-point scale. These results suggest low intraand inter-run variability. No studies describing the analytic validity of the Afirma® MTC test
were identified.
Clinical Validity
Variant Detection and Rearrangement Testing
A number of studies have evaluated whether testing for point mutations or gene fusions
(either single mutation or panels of mutations) can be used to improve the sensitivity and
specificity for diagnosing indeterminate FNA of the thyroid, with the goal of identifying
mutations that predict malignancy in FNA samples.
Variant Panel Testing
In 2016, Nishino published a review of methodology and test performance of molecular
cytopathology for thyroid nodules that included mutation analysis testing for ThyGenX®.[11]
This test uses nucleic acid preservative solution to assay for the most common oncogenic
mutations in BRAF, KRAS, HRAS, NRAS, and chromosomal translocations results in
RET/PTC1, RET/PTC3, and PAX8/PPARy fusions. The initial 7-gene panel has been
examined in seven studies, summarized in Table 1 below.[10,12-17] Although this test identifies
which oncogenic mutations and/or gene fusions are present or absent, this test, and the
studies included in this review have significant limitations. The limitations noted in the test
include, but are not limited to, the ability to customize the panels, which decreases the ability
to compare testing, a low sensitivity and PPV, and a potential lack of applicability to every
practice setting due to the differences in the pretest probability of malignancy of tested
populations, as in cases where the pretest probability of malignancy is not known, or is much
higher, a negative mutation panel may not be sufficient to forgo surgical resection. Finally, the
studies included in the review have significant limitations, which include but are not limited to,
the majority of samples collected were from a single institution, samples that were reanalyzed had been previously reported in prior studies, and repeated FNA procedures
performed on the same nodule part of routine clinical care were not included in this study.
The authors noted that, repeated FNA can yield a different cytological diagnosis, which may
refine clinical management in the absence of molecular testing.
Table 1: Diagnostic Performance of ThyGenX®
Nikiforov, 2009

Cytologic
category

N

AUS/
FLUS

21

FN/
SFN

23

Cantara,
2010

Nikiforov,
2011

BeaudenonHuibregtse,
2014

Eszlinger,
2014

Eszlinger,
2015

Labourier
, 2015

Indeterm

AUS/
FLUS

FN/
SFN

AUS/
FLUS

Indeterm

FN/ SFN

AUS/FLU
S and
FN/SFN

247

214

41

22

FN/
SFN

19

141

163

109
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Nikiforov, 2009

Cantara,
2010

Nikiforov,
2011

BeaudenonHuibregtse,
2014

Eszlinger,
2014

Eszlinger,
2015

Labourier
, 2015

Prev. of
malignancy
on cytology

14%

52%

17%

14%

27%

50%

32%

16%

28%

32%

Sensitivity

100%

75%

86%

63%

57%

36%

67%

18%

49%

69%

PPV

100%

100%

86%

88%

87%

67%

80%

19%

71%

71%

Specificity

100%

100%

97%

99%

97%

82%

92%

86%

92%

86%

NPV

100%

79%

97%

94%

86%

56%

86%

85%

82%

85%

Indeterm: Indeterminate; NPV: negative predictive value; PPV: positive predictive value.

A study published by Ferraz in 2011 evaluated 20 publications that reported on the type and
number of mutations in cases of FNA of the thyroid diagnosed as indeterminate and
compared the results to final histology after surgical resection.[18] Sixteen studies analyzed
one mutation (e.g., BRAF or RET/PTC) and four studies analyzed a panel of several
mutations (BRAF, RAS, RET/PTC, and PAX8/PPARγ). The detection of a mutation in a
histologically (surgically resected) benign thyroid lesion was categorized as a false positive
(FP) case; detecting no mutation in an FNA sample from a histologically benign surgical
sample was considered a true negative (TN); and finding no mutation in a histologically
malignant lesion was categorized as a false negative (FN). Based on four studies that
examined a panel of mutations, there was a broad sensitivity range of 38-85.7% (mean
63.7%), a mean specificity of 98% (range 95-100%), mean false positive rate of 1.25% (0-4%)
and mean false negative rate of 9% (1-21%). Based on two studies that examined RET/PTC
rearrangements, mean sensitivity was 55% (50-60%), specificity 100%, false positive rate of
0% and mean false negative rate 3.5% (91-6%). Based on three studies that examined BRAF
mutations, mean sensitivity was 13% (0-37.5%), mean specificity 92.3% (75-100%), mean
false positive rate 0.5% (0-1%) and mean false negative rate of 6% (3-12%). The authors
concluded that testing for a panel of mutations leads to an improvement in the sensitivity and
specificity for indeterminate FNA of the thyroid but that further standardizations and further
molecular markers are needed before broad application of molecular FNA cytology for the
diagnosis of thyroid nodules.
In 2016, Nishino published a review on the methodology and test performance of molecular
cytopathology for thyroid nodules that included NGS mutation analysis testing and the
ThyroSeq® test. The ThyroSeq® test examines 7-gene mutations including PIK3CA, PTEN,
TP53, TSHR, CTNNB1, RET, AKT1, and TERT. Gene fusions involving RET, BRAF, NTRKI,
NTRK3, AKT, PPARy, and THADA. Three studies were included in the review, which are
summaries below in Table 2,[16,19,20] along with the results of a 2015 study by Nikiforov that
was not in the review.[21] The results of the review show a low sensitivity and PPV, and a
variable specificity and NPV. Additionally, the studies included in this review have significant
limitations, including, small sample sizes and testing completed in single institutions.
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Since the review by Nishino was published, a study by Shrestha evaluated the performance
of the ThyroSeq® test in patients who underwent FNA at a single center between January,
2011 and July, 2013.[22] Of the 261 patients who underwent surgery, FNA results were
nondiagnostic for 2%, benign for 23%, AUS/FLUS for 28%, SFN for 11%, SFM for 9%,
malignant for 27%. By histopathology, 48% were malignant, including 30% of those classified
as AUS/FLUS. ThyroSeq® testing was performed in 44 AUS/FLUS samples, and
demonstrated a sensitivity of 85% and specificity of 65%, with a PPV of 50% and an NPV of
91%.
Table 2: Diagnostic Performance of ThyroSeq®
Nikforov,
2014

Nikforov,
2015

Labourier,
2015

La Mercier,
2015

N of indeterminate
FNA with
molecular test

143

98 (with
known
outcome)

109

34

Prev. of
malignancy on
cytology

27%

22%

32%

21%

Results negative

101 (71%)

72

83 (76%)
miRNA
classifier

75 (69%) 7gene panel

67 (61%)
both tests
combined

26 (76%)

Results positive

42 (29%)

26

26 (24%)

34 (31%)

42 (39%)

8 (24%)

Sensitivity

90%

91%

57%

69%

89%

71%

PPV

83%

77%

77%

71%

74%

63%

Specificity

93%

92%

92%

86%

85%

89%

NPV

96%

97%

82%

85%

94%

92%

NPV: negative predictive value; PPV: positive predictive value.

BRAF
In 2015, Fnais reported on a systematic review and meta-analysis of studies reporting on the
test accuracy of BRAF mutation testing in the diagnosis of PTC.[23] The review included 47
studies with 9924 FNA samples. For all cytologically indeterminate nodules, the pooled
sensitivity estimate for BRAF mutation testing was 31% (95% CI, 6% to 56%). Among
nodules suspicious for malignancy on FNA, the pooled sensitivity estimate for BRAF mutation
testing was 52% (95% CI, 39% to 64%; I2=77%).
A similar systematic review by Jinih included 32 studies testing for BRAF V600E in
indeterminate nodules.[24] The authors reported an overall sensitivity of 0.40 (95% CI: 0.320.48) and specificity of 1.00 (95% CI: 0.98-1.00), and concluded that despite the high
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specificity, testing for the BRAF V600E mutation lacked diagnostic value due to the low
sensitivity.
Su (2016) conducted a meta-analysis on the BRAF V600E in thyroid FNA, particularly
indeterminate cases, which included 88 studies. The authors found that adding BRAF V600E
to cytological analysis testing increased sensitivity from 81.4% to 87.4% and reduced the
false-negative rate from 8% to 5.2%. The BRAF V600E mutation proportion was 23% in the
indeterminate group, and that the sensitivity was higher in cases suspicious for malignant
cells (SMC) than in cases of AUS/FLUS. This pattern was reversed for the test’s specificity.
Adeniran conducted a study of 157 cases with equivocal thyroid FNA readings (indeterminate
and suspicious for papillary thyroid carcinoma [PTC]) or a positive diagnosis for PTC and
concomitant BRAF mutation analysis.[25] The results of histopathologic follow-up were
correlated with the cytologic interpretations and BRAF status. Based on the follow-up
diagnosis after surgical 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 mutation analysis. All PTCs with extrathyroidal extension
or aggressive histologic features were positive for BRAF mutation. The authors concluded
that patients with an equivocal cytologic diagnosis and BRAF V600E mutation could be
candidates for total thyroidectomy and central lymph node dissection.
Xing investigated the utility of BRAF mutation testing of thyroid FNA specimens for
preoperative risk stratification of PTC in 190 patients.[26] A BRAF mutation in preoperative
FNA specimens was associated with poorer clinicopathologic outcomes of PTC. In
comparison with the wild-type allele, a BRAF mutation strongly predicted extrathyroidal
extension (23% vs. 11%; P=0.039), thyroid capsular 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 to 10 years), PTC persistence/recurrence was seen in 36% of BRAF mutationpositive patients versus 12% of BRAF mutation-negative patients, with an odds ratio of 4.16
(95% confidence interval [CI]: 1.70 to 10.17; P=0.002). The positive and negative predictive
values for preoperative FNA-detected BRAF mutation to predict PTC persistence/recurrence
were 36% and 88%, respectively, for all histologic subtypes of PTC. The authors concluded
that preoperative BRAF mutation testing of FNA specimens may provide a novel tool to
preoperatively identify PTC patients at higher risk for extensive disease (extrathyroidal
extension and lymph node metastases) and those who are more likely to manifest disease
persistence/recurrence.
Jara retrospectively evaluated the utility of BRAF mutation testing in 66 thyroid nodules with
“suspicious for PTC” on FNA and available histopathologic samples from thyroid biopsy.[27]
Forty-two subjects (62.6%) had PTC diagnosed on final histopathology. A positive BRAF
mutation test was associated with a sensitivity and specificity for PTC of 45.5% and 87.5%,
respectively, and a PPV and NPV of 88.2% and 43.8%, respectively.
The association between BRAF mutations and PTC is supported by a report by Park (2015)
on 294 patients with thyroid nodules whose FNA samples were evaluated with BRAF
mutation testing by two methods: real-time PCR with Taq-Man minor groove-binding probes
and allele-specific PCR using dual-priming oligonucleotides.[28] The detection rate of PTC by
BRAF mutation testing by real-time PCR and allele-specific PCR was 80.2% (95% CI, 71.9%
to 86.9%) and 76.9% (95% CI, 68.3% to 84.0%), respectively.
A number of other studies have reported on the link between BRAF mutations and PTC, with
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mixed findings.[29-32] Some studies have reported high specificity (100%) of BRAF in the
detection of PTC in indeterminate thyroid nodules.[31,33,34]
Gene Expression Classifier
Although less evidence exists about validity of gene expression profiling, the GEC can be used
to improve the sensitivity and specificity for diagnosing indeterminate FNA of the thyroid. One
of the goals of the GEC is to identify mutations that predict malignancy in FNA samples.
In the Diggans study describing the development and validation of the Afirma® BRAF test,
previously described, for a subset of 213 thyroid nodule FNA samples for which histopathology
was available, the Afirma® BRAF test results were compared with pathologic findings.[5] The
Afirma® BRAF classified all histopathologically benign samples as BRAF V600E‒negative
(specificity 100%; 95% CI, 97.4% to 100%). Of the 73 histopathologically malignant samples,
the Afirma® BRAF test identified 32 as BRAF-positive (sensitivity, 43.8%; 95% CI, 32.2% to
55.9%).
In the Kloos study describing the development and validation of the Afirma® MTC classifier,
the MTC classifier was evaluated in a sample of 10,488 thyroid nodule FNA samples referred
for GEC testing (the Afirma® GEC described below).[35] In this sample, 43 cases were Afirma®
MTC-positive, of which 42 were considered to be clinically consistent with medullary thyroid
carcinoma on pathology or biochemical testing, for a PPV of 97.7% (95% CI, 86.2% to 99.9%).
The use of the Afirma® GEC to predict malignancy was evaluated by Roychoudhury (2017) in
a retrospective community practice study that included patients tested between 2013 and
2015.[36] All Afirma® GEC “suspicious” results were compared to cytological evaluation. In this
group, there were 69 patients with “suspicious” GEC results. Six of these patients had an FNA
diagnosis of benign, 43 had a diagnosis of atypia of unknown significance (AUS), 18 had FNA
findings suspicious for neoplasm (SFN). There were 60 patients that had surgical resection,
and of these, 82% were found to be benign and 18% were malignant. FNA results were
superior to GEC at predicting malignancy in this group, however the Afirma® GEC is
recommended for prediction of benignancy and not malignancy.
Abeykoon (2016) studied the impact of implementing Afirma® GEC at a single center.[37]
Surgical recommendations for patients with indeterminate thyroid nodules decreased from
81.5% pre-Afirma® GEC to 50% post-Afirma® GEC. The rate of malignant surgical pathology
diagnosis increased from 20% pre-Afirma® GEC to 85.7% post-Afirma®. The implementation
of Afirma® GEC decreased the number of surgical recommendations and increased the rate of
malignancy detected for patients who received a surgical biopsy.
Chaudhary (2016) studied the impact on surgical outcomes pre- and postimplementation of
Afirma® GEC.[38] A total of 158 FNAs were sent for Afirma GEC® with 73 suspicious and 8
benign Afirma cases going for surgeries. Compared with before implementation of Afirma®
GEC, the rate for surgical biopsy decreased from 61% to 54% but was not statistically
significant. In the SFN, the rate of surgical biopsy significantly decreased from 76% to 52%.
Dhingra (2016) studied the effects of a FNA protocol combining expert thyroid cytopathology
and Afirma GEC® in a community practice.[39] Historical data were compared with data after
implementation of the FNA protocol. Prior to protocol implementation, the rates of
indeterminate cytology and diagnostic surgery were 26% and 24%. After protocol
implementation, the rates of indeterminate cytology and diagnostic surgery decreased to 10%
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and 6%. The effect of Afirma® GEC implementation could not be ascertained given the FNA
protocol combining expert thyroid cytopathology and Afirma® GEC used in the study.
Villabona (2016) compared the Afirma® GEC to ultrasound for prediction of malignancy in
retrospective single center study.[40] The study included 119 patients with FNA diagnosis of
AUS, 48 of whom had GEC testing directly afterward, while the other 71 had a repeat FNA. Of
those having a repeat FNA, 52 were again diagnosed as AUS, and these samples were sent
for GEC testing. The PPV for GEC testing after the first AUS diagnosis was 66.6%, while the
PPV for the GEC after the second FNA was 91.4%. The authors noted that among those
having a second FNA, ultrasound detection of hypoechoic, solid nodules demonstrated a 92%
PPV for malignancy.
Labourier (2015) reported on the sensitivity and specificity of a test algorithm combining microRNA measurements from 17 genes (miRInform; Asuragen Laboratory, Austin, TX) with a 10gene GEC in 109 FNA samples with atypia of undetermined significance/follicular lesion of
undetermined significance or follicular neoplasm/suspicious for follicular neoplasm on cytology
evaluated at the Asuragen Laboratory with known final pathology.[16] Seventy-four nodules
were diagnosed as benign and 35 as malignant. The performance of the combined test (microRNA measurements and the 10-gene GEC) is summarized in Table 1.
Clinical Utility
Variant Detection and Rearrangement Detection
Testing for specific mutations associated with thyroid cancer (e.g., BRAF V600E mutations,
RET mutations, and RET/PTC and PAX8/PPARγ rearrangements) are generally designed to
“rule in” cancer in nodules that have indeterminate cytology on FNA.[41] A potential area for
clinical utility for this type of mutation testing would be in informing preoperative planning for
thyroid surgery following initial thyroid FNA, such as planning for a hemi- versus a total
thyroidectomy or performance of a central neck dissection.
In a 2014 retrospective analysis, Yip reported outcomes after implementation of an algorithm
incorporating molecular testing of thyroid FNA samples to guide the extent initial thyroid
resection.[42] The study included a cohort of patients treated at a single academic center at
which molecular testing (BRAF V600E, BRAF K601E, NRAS codon 61, HRAS codon 61, and
KRAS codon 12 and 13 point mutations; RET/PTC1, RET/PTC3, and PAX8/PPARγ
rearrangements) was prospectively obtained for all FNAs with indeterminate cytology
(follicular lesion of undetermined significance, follicular neoplasm, and suspicious for
malignancy), and for selective FNAs at the request of the managing physician for selected
nodules with either benign or nondiagnostic cytology. The study also included a second
cohort of patients who did not have molecular testing results available. For the patients
treated with molecular diagnosis, a positive molecular diagnostic test was considered to be an
indication for an initial total thyroidectomy. Patients with follicular lesion of undetermined
significance and negative molecular diagnostic results were followed with repeat FNA,
followed by a lobectomy or total thyroidectomy if indeterminate pathology persisted. Patients
with 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 and 349 managed with and without molecular
diagnostics, respectively. Positive molecular testing results were obtained in 56 patients (17%
of those managed with molecular diagnostics), most commonly RAS mutations (42/56; 75%),
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followed by BRAF V600E (10/56; 18%), BRAF K601E (2/56; 4%), and PAX8/PPARγ
rearrangements (2/56; 4%). Compared with those managed without molecular diagnostics,
patients managed with molecular diagnostics were nonsignificantly less likely to undergo total
thyroidectomy as an initial procedure (63% vs 69%; p=0.08). However, they had
nonsignificantly higher rates of central compartment lymph node dissection (21% vs 15%;
p=0.06). Across both cohorts, 25% of patients (170/671) were found to have clinically
significant thyroid cancer, with no difference in thyroid cancer rates based on the type of initial
operation (26% for total thyroidectomy vs 22% for lobectomy; p=0.3). The incidence of
clinically significant thyroid cancer after initial lobectomy (i.e., requiring a 2-stage surgery)
was significantly lower for patients managed with molecular diagnostics (17% vs 43%;
p<0.001). An indeterminate FNA result had sensitivity and specificity for the diagnostic of
thyroid cancer of 89% and 27%, respectively, with PPV and NPV of 29% and 88%,
respectively. The addition of molecular diagnostics to FNA results increased the specificity for
a cancer diagnosis to 95% and the PPV to 82%.
In 2015, a task force from the American Thyroid Association (ATA) reported on a review with
recommendations for the surgical management of FNA-indeterminate nodules with various
molecular genetic tests.[43] This review reported on the estimated likelihood of malignancy in
an FNA-indeterminate nodule depending on results of the Afirma® GEC and other panels
designed to rule in malignancy. Depending on the estimated prebiopsy likelihood of
malignancy, recommendations for surgery include observation, active surveillance, repeat
FNA, diagnostic lobectomy, or oncologic thyroidectomy.
Section Summary
The available evidence suggests that the use of mutation analysis testing in cytological
thyroid FNA samples is generally associated with a high sensitivity, and positive predicted
value, but a lower specificity and negative predicted value for clinically significant thyroid
cancer. More prospective validation of these study findings in additional settings is needed.
The available evidence also suggests that the use of the gene expression classifier testing in
cytological thyroid FNA samples is generally associated with a higher sensitivity, positive
predicted value, specificity, and non-predicted value for clinically significant thyroid cancer.
Although there are few studies, they suggest that testing this test may assist in provider
decision making about the appropriate selection of patients for an initial total thyroidectomy.
MOLECULAR MARKERS TO PREDICT BENIGNANCY; GENE EXPRESSION
CLASSIFIERS
Analytic Validity
Afirma® GEC
Walsh verified the analytical performance of the Afirma® gene expression classifier (GEC) in
the classification of cytologically indeterminate fine-needle aspirates from thyroid nodules.[44]
RNA content within FNAs preserved in FNAProtect was determined stable for up to 6 days at
room temperature with no changes in RNA yield (P = 0.58) or quality (P = 0.56). FNA storage
and shipping temperatures were found to have no significant effect on GEC scores (P = 0.55)
or calls (100% concordance). Analytical sensitivity studies demonstrated tolerance to
variation in RNA input (5-25 ng) and to the dilution of malignant FNA material down to 20%.
Analytical specificity studies using malignant samples mixed with blood (up to 83%) and
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genomic DNA (up to 30%) demonstrated negligible assay interference with respect to falsenegative calls, although benign FNA samples mixed with relatively high proportions of blood
demonstrated a potential for false-positive calls.
Chudova developed a molecular test to distinguish between benign and malignant thyroid
nodules using fine-needle aspirates.[3] The authors used mRNA analysis to measure >247,000
transcripts in 315 thyroid nodules. The data set consisted of 178 retrospective surgical
specimens, representing the most common benign and malignant histologic subtypes, and 137
prospectively collected aspirate specimens. Two classifiers were trained separately on surgical
samples and aspirates. The performance was evaluated using an independent test set of 48
prospective FNA samples which had known surgical pathology diagnoses, and included 50%
with indeterminate cytopathology. The performance of the classifier was markedly lower in the
FNAs than in tissue, likely due to differences in cellular heterogeneity between the two types of
specimens. On the test set, negative predictive value (NPV) and specificity were estimated to
be 96% and 84%, respectively.
Clinical Validity
Afirma® GEC
In 2016, Santhanam published results from a systematic review and meta-analysis to examine
the performance of the Afirma® GEC in predicting benign and malignant nodules in patients
with cytologically indeterminate nodules.[45] Seven studies were included in the analysis.[46-51] A
QUADAS-2 report for all studies included in the final analysis was tabulated for risk of bias and
applicability. The pooled sensitivity of the GEC was 95.7 % (95 % CI 92.2-97.9, I (2) value 45.4
%, p = 0.09), and the pooled specificity was 30.5 % (95 % CI 26.0-35.3, I (2) value 92.1 %, p <
0.01). The pooled positive LR was 1.20 (95% CI 0.996-1.44), and the pooled negative LR was
0.2 (95% CI 0.11-0.36). Overall, the diagnostic odds ratio was 7.9 (95 % CI 4.1-15.1). The
overall false-negative rate (1-sensitivity) was 0.04 (0.02-0.08), and the overall false-positive
rate (1-specificity) was 0.69 (0.65-0.74). Patients with benign GEC were not followed long
enough to ascertain the actual false-negative rates of the index test. The evidence suggests
that the Afirma® GEC is a useful diagnostic test to rule our malignancy and avoid thyroid
surgery for patients with an indeterminate FNA.
Another systematic review published in 2016 by Nishino also reviewed the performance of the
Afirma® GEC.[11] Eight studies were included in the review for the Afirma® GEC, which are
summarized in table 3 below.[46-50,52,53] Overall, the studies show that the Afirma® GEC has a
high sensitivity and NPV value, thereby reducing the number of required surgical sections,
and instead triaging patients safety toward watchful waiting with close ultrasound monitoring
of the nodule and re-aspirating any nodule that demonstrates significant growth or concerning
changes.
Table 3: Diagnostic Performance of Afirma® GEC

N

GEC

Veracyte
Validation
Study

Alexander,
2014

Harrell,
2014

McIver,
2014

Lastra,
2014

210

309

56

60

132

94

87 (41%)

170 (55%)

70 (53%)

24 (26%)

20 (36%)

16 (27%)

Marti,
2015
(MSK
data)

Marti,
2015
(MSBI
data)

Brauner,
2015

71

71

37 (52%)

26 (26%)

GT49 | 15

Veracyte
Validation
Study

Alexander,
2014

Harrell,
2014

123 (59%)

139 (45%)

36 (64%)

McIver,
2014

Lastra,
2014

Marti,
2015
(MSK
data)

Marti,
2015
(MSBI
data)

70 (74%)

34 (48%)

Brauner,
2015

result
Benign

GEC result
suspicious

44 (73%)

62 (47%)

45 (63%)

Surgically
resected
cases

210

123

35

36

50

44

26

46

Sensitivity

90%

98%

94%

83%

100%

100%

100%

100%

PPV

37%

42%

57%

16%

46%

57%

14%

14%

Specificity

52%

12%

24%

10%

7%

10%

22%

8%

NPV

94%

90%

80%

75%

100%

100%

100%

100%

NPV: negative predictive value; PPV: positive predictive value.

Several studies on the performance of the Afirma® GEC have been published recently and
are not included in the systematic reviews above. In 2015, Angell compared outcomes
between 95 cytologically indeterminate and GEC benign nodules and 1224 cytologically
benign nodules.[54] Wong (2016) evaluated the proportion of patients with a suspicious GEC
that were subsequently diagnosed with noninvasive follicular variant of papillary thyroid
carcinoma, a particularly indolent variety.[55] Chaudhary (2016) correlated results of the GEC
with surgical outcome in 158 patients, and found that of the 73 that were suspicious by GEC,
28 (38%) had carcinoma, while all of the 8 patients with benign GEC results that had surgery
did not have carcinoma.[38] Baca (2017) assessed GEC and clinical outcome for patients with
FNA AUS results indicating architectural atypia, cytological atypia, or both.[56] They found that
the rate of benign GEC findings was higher in patients with architectural atypia compared to
cytological atypia or both (65% vs. 59% and 38%, respectively), and the risk of cancer among
those with suspicious GEC results who had surgery showed a similar pattern, with
architectural atypia cases having the lowest risk (19%) compared with cytological atypia
cases (45%, p=0.07)) or cases with both (57%, p=0.003). A 2016 study by Samulski. reported
on their institution experience with the GEC, noting that the test had a relatively low specificity
and PPV, but showed improved performance when coupled with a repeat FNA.[57]
ThyraMIR™
Wylie (2016) reported on the development of the ThyraMIR miRNA classifier, along with a 17variant oncogene panel including BRAF, RAS, RET, or PAX.[58] An miRNA classifier was
originally developed using rt-PCR methodology in a sample of 257 surgical specimens, and
validated in an independent set of 42 nodules with indeterminate cytology. A 17-variant panel
covering validated oncogenic gene alterations for BRAF, RAS, RET, or PAX8 genes was
GT49 | 16

tested on preoperative FNA and surgical specimens. Optimization of miRNA classifiers A and
B resulted in the commercial ThyraMIR™ Classifier. ThyraMIR™ was used on a subset of
thyroid tissues negative by the targeted 17-variant panel and resulted in a sensitivity of 85%
and specificity of 95%.
In 2016, Nishino published results from a systematic review that included the ThyraMIR™
gene expression classifier test.[11,16] The ThyraMIR™ test was validated in a cross-sectional
cohort study of 109 cytologically indeterminate (AUS/FLUS and FN/SFN) thyroid nodules.
The original study found that the ThyrMIR™ had a sensitivity of 57%, PPV of 77%, a
specificity of 92%, and a NPV of 82%.[16]There is only one study that demonstrates the clinical
validity for the ThyraMIR™ test. Therefore, more studies are needed to validate the clinical
validity of the ThyraMIR™ gene expression classifier and determine the efficacy of the test on
health outcomes.
Hadd (2013) reported on targeted NGS of cancer genes in 38 FFPE and 10 FNA tumor
specimens.[59] The results showed an accuracy rate of 96.1% (95% CI, 96.1% to 99.3%)
compared with Sanger sequencing; Sanger sequencing has an analytic sensitivity of
approximately 15% to 20%. When NGS was compared with a multiplex detection system with
a 1% variant detection rate, the accuracy was reported to be 99.6% (95% CI, 97.9% to
99.9%)
Clinical Utility
Afirma® GEC
Numerous single institution studies have been conducted demonstrating the clinical utility of
the Afirma® GEC. These studies have shown the rate of surgical resection of the thyroid has
decreased due to the ability of the Afirma® GEC to classify indeterminate FNA results.[51,52,6063]

In 2016, Sipos published results from a retrospective study that assessed the operative rate in
patients with a benign results from the Afirma® GEC in the longest follow up study to date.[64]
Additionally, the study examined the physician’s opinion regarding the safety of GEC use
compared to the hypothetical situation of providing thyroid nodule management without the
GEC. In total, 16 nonacademic medical facilitates participated, 16 endocrinologists and one
radiologist’s submitted data on 98 patients. The median follow-up time was 26 months (range
0-44 months). The results showed that thyroidectomy was performed in 17 patients (17.3%).
Using Kaplan-Meier analysis, the authors found that the majority of surgeries (10 of 17, or
58.8%) occurred within the first year after obtaining the GEC ‘benign’ result. Within two years
of receiving a ‘benign’ GEC result, 88% of all surgeries were performed. In the second and
third years after a ‘benign’ GEC result was obtained, an additional seven patients underwent
surgery. The most common indications for surgery were rapid nodule growth, and large
nodule. No significant differences were identified between groups with regard to age or gender.
Finally, when physicians were surveyed about the utility of the GEC testing, 78 of 91 (86%)
physicians reported that patient safety was improved by using the GEC test compared to not
using it. In comparison, 11 out of 91 physicians (12%) reported that using the GEC test had no
impact on perceived patient safety. Two physicians indicated that patient safety was
diminished using the GEC. This study has several limitations, including but not limited to,
sponsorship, sample size, and physician feedback. Veracyte, the maker of Afirma®, the GEC
used in this study, sponsored data collection and statistical analysis. Furthermore, there was a
lack of description about how the medical facilities were chosen to be included in the sample
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and about how physicians were surveyed for feedback.
In 2016, Singer published results from a retrospective cohort study that evaluated the longterm management patterns and thyroid surgery rates of Afirma® GEC benign patients
compared to a control group of cytopathology benign patients.[65] This study used laboratory
test results linked to payer medical claims data and examined patients who underwent FNA
biopsy between January 2011 and July 2013. GEC benign patients were matched 1:3 to
cytopathology benign patients on biopsy year, gender, nodule size, and age. Outcomes
measured included thyroid-related follow-up clinic visits, ultrasound examinations, and
surgeries. Out of 2059 patients, 804 were included in the study (201 GEC benign patients, 603
cytopathology benign patients) and were evaluated over an average follow-up of 20 months.
The proportions of GEC benign and cytopathology benign patients that underwent thyroid
surgery (11.4% versus 10.1%, p = 0.594), and received a follow-up ultrasound exam (60.2%
versus 61.7%, p = 0.706), respectively, were not significantly different. This study had
limitations, which include but are not limited to, the design and sample, as the cohort only
included patients who test results and administrative claims data were uniquely identifiable and
could be linked on multiple identifiers.
In a large, retrospective cohort analysis by Sacks (2016), cases from January, 2012 to July,
2013, before the Afirma® GEC was used (pre-Afirma®), were compared to cases from July,
2013 through December, 2014 (post-Afirma®).[66] A total of 4,292 FNAs were performed during
these time frames. There was a significant increase in the proportion of Bethesda III and
Bethesda IV FNA determinations (13.4% vs. 10.7%, p<.005. and 2.9% vs 1.8%, p<.01,
respectively), and a reduction in Bethesda II determinations (68.8% vs. 74.6%, p<.001) in the
post-Afirma® cohort compared to the pre-Afirma® group. The rates of surgery and malignancy
were not significantly different between cohorts. The authors concluded that the availability of
the Afirma® test may have the unintended effect of shifting the interpretation of FNAs toward
Bethesda III and IV – cases in which the test may be used, without changing the overall rates
of surgery.
ThyGenX® and ThyraMIR™
Direct evidence for the clinical utility for the ThyroSeq® and the combined ThyGenX® and
ThyraMIR™ diagnostic testing algorithm is lacking. In the absence of direct evidence for the
clinical utility of the combined testing, a chain of evidence may be constructed to infer potential
clinical utility of the combined diagnostic testing algorithm. No studies using ThyGenX NGS
panel in FNA samples were identified. However, available evidence has suggested that use of
variant testing using NGS in thyroid FNA samples is generally associated with a high
specificity and PPV for clinically significant thyroid cancer. There is 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.
However, variant analysis does not achieve an NPV sufficiently high enough to identify which
patients can undergo active 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 active surveillance over thyroid surgery. A single study using a
17-variant panel with ThyraMIR™ showed a NPV of 94%. Therefore, the high NPV of
ThyraMIR™ has the potential to accurately predict benignancy and triage patients to active
surveillance.
Section Summary
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There is are two commercially-available gene expression classifier (GEC) that are designed to
exclude malignancy in individuals with indeterminate thyroid FNA results Afirma® and
ThyraMIR™.
The Afirma® GEC has been reported to have a high NPV in a limited number of studies. While
the available evidence suggests that physician decision making about surgery may be altered
by GEC results, long-term follow-up of patients with thyroid nodules who avoided surgery
based on GEC results is limited.
There is just one published clinical validation study for ThyraMIR™ gene expression classifier
test. More studies are needed to efficacy of the test to determine benignancy in patients with
indeterminate thyroid nodule cytology. However, there is potential clinical utility for identifying
malignancy with higher certainty on FNA. Such testing potentially avoids the need for
additional invasive procedures, which may improve overall health outcomes.

PRACTICE GUIDELINE SUMMARY
AMERICAN THYROID ASSOCIATION
In 2015, the American Thyroid Association (ATA) updated their recommendations on
molecular markers in FNA of the thyroid:[67]
•

•

•

•

Recommendation 13: If molecular testing is being considered, patients should be
counseled regarding the potential benefits and limitations of testing about the possible
uncertainties in the therapeutic and long-term clinical implications of results (strong
recommendation, low-quality evidence).
Recommendation 14: If intended for clinical use, molecular testing should be
performed in a CLIA/CAP-certified molecular laboratories, or the international
equivalent because reported quality assurance practices may be superior compared to
other settings (strong recommendation, low-quality evidence).
Recommendation 15: (A) For nodules with AUS/FLUS cytology, after consideration of
worrisome clinical 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 clinical decisionmaking. (weak recommendation, Moderate-quality evidence)
Recommendation 16: (A) Diagnostic surgical excision is the long-established standard
of care for the management of follicular neoplasm/suspicious for follicular neoplasm
(FNSFN) cytology nodules. However, after consideration of clinical and sonographic
features, molecular testing may be used to supplement malignancy risk data, in lieu of
proceeding directly with surgery. Informed patient preference and feasibility should be
considered in clinical decision-making (weak recommendation, moderate-quality
evidence.)

NATIONAL COMPREHENSIVE CANCER NETWORK
The National Comprehensive Cancer Network (NCCN) recommendations on molecular
markers in FNA of the thyroid (v1.2018) include considering molecular diagnostic testing in
certain clinical scenarios. The policy criteria are mostly consistent with these
recommendations, including evaluating FNA results when cytology is indeterminate or
suspicious. Recommendations are all Category 2A, which is based upon lower-level
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evidence, though there is uniform NCCN consensus that the intervention is appropriate.
AMERICAN COLLEGE OF ENDOCRINOLOGY, AMERICAN ASSOCIATION OF CLINICAL
ENDOCRINOLOGISTS, ASSOCIAZION MEDICI ENDOCRINOLOGI
In 2016, the American College of Endocrinology (ACE), American Association of Clinical
Endocrinologists (AACE), and the Association Medici Endocrinology (AME) published medical
guidelines for clinical practice for the diagnosis and management of thyroid nodules.[68] They
made the following recommendations:
•

4.6.1 Molecular testing should be used to:
o complement not replace cytologic evaluation [Bel 2, Grade A]
o Are expected to influence the clinical management [Bel 2, Grade A]
o As a general rule, not recommended in nodules with established benign or
malignant cytologic characteristics. (Bel 2, Grade A]

•

4.6.2 Molecular testing for cytologically indeterminate nodules:
o Consider the detection of BRAF and RET/PTC and possible PAX8/PPARG and
RAS mutations if such detections are available [BEL2, Grade B]
o Due to insufficient evidence and the limited-follow-up, we do not recommend
either in favor of or against the use of gene expression classifiers for
cytologically indeterminate nodules. [Bel 2, Grade B]

•

4.6.3 Molecular testing for deciding the extent of surgery:
o With the exception of mutations such as BRAF V600E that have a PPV
approaching 100% for papillary thyroid carcinoma, evidence is insufficient to
recommend in favor of or against the use of mutation testing as a guide to
determine the extent of surgery. [Bel 2, Grade A]

•

4.6.4 The false negative rate for indeterminate nodules is 5 to 6% and the experience
and follow-up for mutation-negative nodules or nodules classified as benign by a gene
expression classifier are still insufficient, close follow-up is recommended. [Bel 3,
Grade B]

Bel 2: RCTs with limited body of data, well-conducted prospective cohort studies, and
well-conducted meta-analyses of cohort studies.
Bel 3: Methodologically flawed RCTs, observational studies, case series or case reports.
Grade A: >1 Conclusive level 1 publications demonstrating benefit >> risk=Action based
on strong evidence
Grade B: No conclusive level 1 publication, ≥1 Conclusive level 2 publications
demonstrating benefit >> risk

SUMMARY
There is enough research to show that the Afirma® Gene Expression Classifier,
ThyroSeq® Genomic Classifier, ThyGenX®, and ThyraMIRTM tests may help to predict
whether certain thyroid nodules may be non-cancerous, or identify variants that are linked
to thyroid cancer. Such tests may be useful in classifying risks before surgery, or avoid
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surgery entirely. Therefore, the use of the Afirma® Gene Expression Classifier, ThyroSeq®
Genomic Classifier, ThyGenX®, and ThyraMIRTM tests may be considered medically
necessary when criteria are met.
There is not enough research to show health outcomes are improved by gene expression
classifiers, genetic variant analysis, and molecular marker testing in fine-needle aspirates of
the thyroid, other than those specified above. This includes, but is not limited to the
RosettaGX RevealTM test. Therefore, gene expression classifiers, genetic variant analysis,
and molecular marker testing in fine-needle aspirates of the thyroid, other than those
specified in criteria, are considered investigational.

REFERENCES
1.

2.

3.

4.

5.

6.
7.

8.

9.

10.

11.

National Institutes of Health National Cancer Institute Surveillance, Epidemiology, and
End Results Program (SEER) Stat Fact Sheets: Thyroid Cancer. [cited 06/13/2018];
Available from: http://seer.cancer.gov/statfacts/html/thyro.html
American Cancer Society: Thyroid Cancer. [cited 06/13/2018]; Available from:
http://www.cancer.org/cancer/thyroidcancer/detailedguide/thyroid-cancer-what-isthyroid-cancer
Chudova, D, Wilde, JI, Wang, ET, et al. Molecular classification of thyroid nodules using
high-dimensionality genomic data. J Clin Endocrinol Metab. 2010 Dec;95(12):5296-304.
PMID: 20826580
Bongiovanni, M, Spitale, A, Faquin, WC, Mazzucchelli, L, Baloch, ZW. The Bethesda
System for Reporting Thyroid Cytopathology: a meta-analysis. Acta cytologica.
2012;56:333-9. PMID: 22846422
Diggans, 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 Biocomput. 2015:371-82. PMID: 25592597
Nikiforov, YE. Molecular diagnostics of thyroid tumors. Archives of pathology &
laboratory medicine. 2011 May;135(5):569-77. PMID: 21526955
den Dunnen, JT, Dalgleish, R, Maglott, DR, et al. HGVS Recommendations for the
Description of Sequence Variants: 2016 Update. Human mutation. 2016 Jun;37(6):5649. PMID: 26931183
Smith, DL, Lamy, A, Beaudenon-Huibregtse, S, et al. A multiplex technology platform
for the rapid analysis of clinically actionable genetic alterations and validation for BRAF
p.V600E detection in 1549 cytologic and histologic specimens. Archives of pathology &
laboratory medicine. 2014 Mar;138(3):371-8. PMID: 23808402
Nikiforova, MN, Wald, AI, Roy, S, Durso, MB, Nikiforov, YE. Targeted next-generation
sequencing panel (ThyroSeq) for detection of mutations in thyroid cancer. J Clin
Endocrinol Metab. 2013;98:E1852-60. PMID: 23979959
Beaudenon-Huibregtse, S, Alexander, EK, Guttler, RB, et al. Centralized molecular
testing for oncogenic gene mutations complements the local cytopathologic diagnosis of
thyroid nodules. Thyroid : official journal of the American Thyroid Association. 2014
Oct;24(10):1479-87. PMID: 24811481
Nishino, M. Molecular cytopathology for thyroid nodules: A review of methodology and
test performance. Cancer cytopathology. 2016 Jan;124(1):14-27. PMID: 26348024

GT49 | 21

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nikiforov, YE, Steward, DL, Robinson-Smith, TM, et al. Molecular testing for mutations
in improving the fine-needle aspiration diagnosis of thyroid nodules. J Clin Endocrinol
Metab. 2009 Jun;94(6):2092-8. PMID: 19318445
Nikiforov, YE, Ohori, NP, Hodak, SP, et al. Impact of mutational testing on the diagnosis
and management of patients with cytologically indeterminate thyroid nodules: a
prospective analysis of 1056 FNA samples. J Clin Endocrinol Metab. 2011;96:3390-7.
PMID: 21880806
Cantara, S, Capezzone, M, Marchisotta, S, et al. Impact of proto-oncogene mutation
detection in cytological specimens from thyroid nodules improves the diagnostic
accuracy of cytology. J Clin Endocrinol Metab. 2010 Mar;95(3):1365-9. PMID:
20130073
Eszlinger, M, Krogdahl, A, Munz, S, et al. Impact of molecular screening for point
mutations and rearrangements in routine air-dried fine-needle aspiration samples of
thyroid nodules. Thyroid : official journal of the American Thyroid Association. 2014
Feb;24(2):305-13. PMID: 23837487
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. 2015 Jul;100(7):274350. PMID: 25965083
Eszlinger, M, Piana, S, Moll, A, et al. Molecular testing of thyroid fine-needle aspirations
improves presurgical diagnosis and supports the histologic identification of minimally
invasive follicular thyroid carcinomas. Thyroid : official journal of the American Thyroid
Association. 2015 Apr;25(4):401-9. PMID: 25629769
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.
2011 Jul;96(7):2016-26. PMID: 21593119
Nikiforov, YE, Carty, SE, Chiosea, SI, et al. Highly accurate diagnosis of cancer in
thyroid nodules with follicular neoplasm/suspicious for a follicular neoplasm cytology by
ThyroSeq v2 next-generation sequencing assay. Cancer. 2014 Dec 1;120(23):3627-34.
PMID: 25209362
Le Mercier, M, D'Haene, N, De Neve, N, et al. Next-generation sequencing improves
the diagnosis of thyroid FNA specimens with indeterminate cytology. Histopathology.
2015 Jan;66(2):215-24. PMID: 24834793
Nikiforov, YE, Carty, SE, Chiosea, SI, et al. Impact of the Multi-Gene ThyroSeq NextGeneration Sequencing Assay on Cancer Diagnosis in Thyroid Nodules with Atypia of
Undetermined Significance/Follicular Lesion of Undetermined Significance Cytology.
Thyroid : official journal of the American Thyroid Association. 2015 Nov;25(11):1217-23.
PMID: 26356635
Shrestha, RT, Evasovich, MR, Amin, K, et al. Correlation Between Histological
Diagnosis and Mutational Panel Testing of Thyroid Nodules: A Two-Year Institutional
Experience. Thyroid : official journal of the American Thyroid Association. 2016
Aug;26(8):1068-76. PMID: 27283257
Fnais, N, Soobiah, C, Al-Qahtani, K, et al. Diagnostic value of fine needle aspiration
BRAF(V600E) mutation analysis in papillary thyroid cancer: a systematic review and
meta-analysis. Human pathology. 2015 Oct;46(10):1443-54. PMID: 26232865
Jinih, M, Foley, N, Osho, O, et al. BRAFV600E mutation as a predictor of thyroid
malignancy in indeterminate nodules: A systematic review and meta-analysis. European
journal of surgical oncology : the journal of the European Society of Surgical Oncology
and the British Association of Surgical Oncology. 2016 Nov 22. PMID: 27923591
GT49 | 22

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Adeniran, AJ, Theoharis, C, Hui, P, et al. Reflex BRAF testing in thyroid fine-needle
aspiration biopsy with equivocal and positive interpretation: a prospective study. Thyroid
: official journal of the American Thyroid Association. 2011 Jul;21(7):717-23. PMID:
21568726
Xing, M, Clark, D, Guan, H, et al. BRAF mutation testing of thyroid fine-needle
aspiration biopsy specimens for preoperative risk stratification in papillary thyroid
cancer. Journal of clinical oncology : official journal of the American Society of Clinical
Oncology. 2009 Jun 20;27(18):2977-82. PMID: 19414674
Jara, SM, Bhatnagar, R, Guan, H, Gocke, CD, Ali, SZ, Tufano, RP. Utility of BRAF
mutation detection in fine-needle aspiration biopsy samples read as "suspicious for
papillary thyroid carcinoma". Head & neck. 2014 Jul 3. PMID: 24989827
Park, KS, Oh, YL, Ki, CS, Kim, JW. Evaluation of the Real-Q BRAF V600E Detection
Assay in Fine-Needle Aspiration Samples of Thyroid Nodules. The Journal of molecular
diagnostics : JMD. 2015 Jul;17(4):431-7. PMID: 25937618
Seo, JW, Jang, AL, Suh, SH, Park, HS, Kang, MK, Hong, JC. Atypia of undetermined
significance on thyroid fine needle aspiration - risk factors for malignancy. Clinical
otolaryngology : official journal of ENT-UK ; official journal of Netherlands Society for
Oto-Rhino-Laryngology & Cervico-Facial Surgery. 2017 Apr;42(2):234-8. PMID:
27383045
Beisa, A, Kvietkauskas, M, Beisa, V, et al. The utility of the Bethesda category and its
association with BRAF mutation in the prediction of papillary thyroid cancer stage.
Langenbeck's archives of surgery. 2017 Mar;402(2):227-34. PMID: 28160058
Collet, JF, Lacave, R, Hugonin, S, Poulot, V, Tassart, M, Fajac, A. BRAF V600E
detection in cytological thyroid samples: A key component of the decision tree for
surgical treatment of papillary thyroid carcinoma. Head & neck. 2016 Jul;38(7):1017-21.
PMID: 26854757
Borrelli, N, Ugolini, C, Giannini, R, et al. Role of gene expression profiling in defining
indeterminate thyroid nodules in addition to BRAF analysis. Cancer cytopathology. 2016
May;124(5):340-9. PMID: 26749005
Johnson, SJ, Hardy, SA, Roberts, C, Bourn, D, Mallick, U, Perros, P. Pilot of BRAF
mutation analysis in indeterminate, suspicious and malignant thyroid FNA cytology.
Cytopathology : official journal of the British Society for Clinical Cytology. 2014
Jun;25(3):146-54. PMID: 24417615
Rossi, M, Buratto, M, Tagliati, F, et al. Relevance of BRAF(V600E) mutation testing
versus RAS point mutations and RET/PTC rearrangements evaluation in the diagnosis
of thyroid cancer. Thyroid : official journal of the American Thyroid Association. 2015
Feb;25(2):221-8. PMID: 25333496
Kloos, RT, Monroe, RJ, Traweek, ST, Lanman, RB, Kennedy, GC. A Genomic
Alternative to Identify Medullary Thyroid Cancer Preoperatively in Thyroid Nodules with
Indeterminate Cytology. Thyroid : official journal of the American Thyroid Association.
2016 Jun;26(6):785-93. PMID: 26992356
Roychoudhury, S, Klein, M, Souza, F, et al. How "suspicious" is that nodule? Review of
"suspicious" Afirma gene expression classifier in high risk thyroid nodules. Diagnostic
cytopathology. 2017 Apr;45(4):308-11. PMID: 28188700
Abeykoon, JP, Mueller, L, Dong, F, Chintakuntlawar, AV, Paludo, J, Mortada, R. The
effect of implementing Gene Expression Classifier on outcomes of thyroid nodules with
indeterminate cytology. Hormones & cancer. 2016 Aug;7(4):272-8. PMID: 27102883
Chaudhary, S, Hou, Y, Shen, R, Hooda, S, Li, Z. Impact of the Afirma Gene Expression
Classifier Result on the Surgical Management of Thyroid Nodules with Category III/IV
GT49 | 23

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Cytology and Its Correlation with Surgical Outcome. Acta cytologica. 2016;60(3):205-10.
PMID: 27344463
Dhingra, JK. Office-based ultrasound-guided FNA with molecular testing for thyroid
nodules. Otolaryngology--head and neck surgery : official journal of American Academy
of Otolaryngology-Head and Neck Surgery. 2016 Oct;155(4):564-7. PMID: 27246437
Villabona, CV, Mohan, V, Arce, KM, et al. UTILITY OF ULTRASOUND VERSUS GENE
EXPRESSION CLASSIFIER IN THYROID NODULES WITH ATYPIA OF
UNDETERMINED SIGNIFICANCE. Endocr Pract. 2016 Oct;22(10):1199-203. PMID:
27409819
Bernet, V, Hupart, KH, Parangi, S, Woeber, KA. AACE/ACE disease state commentary:
molecular diagnostic testing of thyroid nodules with indeterminate cytopathology.
Endocr Pract. 2014;20:360-3. PMID: 24727662
Yip, L, Wharry, LI, Armstrong, MJ, et al. A clinical algorithm for fine-needle aspiration
molecular testing effectively guides the appropriate extent of initial thyroidectomy. Ann
Surg. 2014;260:163-8. PMID: 24901361
Ferris, RL, Baloch, Z, Bernet, V, et al. American Thyroid Association Statement on
Surgical Application of Molecular Profiling for Thyroid Nodules: Current Impact on
Perioperative Decision Making. Thyroid : official journal of the American Thyroid
Association. 2015 Jul;25(7):760-8. PMID: 26058403
Walsh, PS, Wilde, JI, Tom, EY, et al. Analytical performance verification of a molecular
diagnostic for cytology-indeterminate thyroid nodules. J Clin Endocrinol Metab. 2012
Dec;97(12):E2297-306. PMID: 23087323
Santhanam, P, Khthir, R, Gress, T, et al. Gene expression classifier for the diagnosis of
indeterminate thyroid nodules: a meta-analysis. Med Oncol. 2016;33:14. PMID:
26749587
Alexander, EK, Kennedy, GC, Baloch, ZW, et al. Preoperative diagnosis of benign
thyroid nodules with indeterminate cytology. The New England journal of medicine.
2012 Aug 23;367(8):705-15. PMID: 22731672
McIver, B, Castro, MR, Morris, JC, et al. An independent study of a gene expression
classifier (Afirma) in the evaluation of cytologically indeterminate thyroid nodules. J Clin
Endocrinol Metab. 2014 Nov;99(11):4069-77. PMID: 24780044
Harrell, RM, Bimston, DN. Surgical utility of afirma: effects of high cancer prevalence
and oncocytic cell types in patients with indeterminate thyroid cytology. Endocr Pract.
2014;20:364-9. PMID: 24246351
Lastra, RR, Pramick, MR, Crammer, CJ, LiVolsi, VA, Baloch, ZW. Implications of a
suspicious afirma test result in thyroid fine-needle aspiration cytology: an institutional
experience. Cancer cytopathology. 2014 Oct;122(10):737-44. PMID: 25123499
Marti, JL, Avadhani, V, Donatelli, LA, et al. Wide Inter-institutional Variation in
Performance of a Molecular Classifier for Indeterminate Thyroid Nodules. Annals of
surgical oncology. 2015;22:3996-4001. PMID: 25862581
Aragon Han, P, Olson, MT, Fazeli, R, et al. The Impact of Molecular Testing on the
Surgical Management of Patients with Thyroid Nodules. Annals of surgical oncology.
2014 Feb 13. PMID: 24522987
Alexander, EK, Schorr, M, Klopper, J, et al. Multicenter clinical experience with the
Afirma gene expression classifier. J Clin Endocrinol Metab. 2014;99:119-25. PMID:
24152684
Brauner, E, Holmes, BJ, Krane, JF, et al. Performance of the Afirma Gene Expression
Classifier in Hurthle Cell Thyroid Nodules Differs from Other Indeterminate Thyroid

GT49 | 24

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

Nodules. Thyroid : official journal of the American Thyroid Association. 2015
Jul;25(7):789-96. PMID: 25962906
Angell, TE, Frates, MC, Medici, M, et al. Afirma Benign Thyroid Nodules Show Similar
Growth to Cytologically Benign Nodules During Follow-Up. J Clin Endocrinol Metab.
2015 Nov;100(11):E1477-83. PMID: 26353010
Wong, KS, Angell, TE, Strickland, KC, et al. Noninvasive Follicular Variant of Papillary
Thyroid Carcinoma and the Afirma Gene-Expression Classifier. Thyroid : official journal
of the American Thyroid Association. 2016 Jul;26(7):911-5. PMID: 27219469
Baca, SC, Wong, KS, Strickland, KC, et al. Qualifiers of atypia in the cytologic diagnosis
of thyroid nodules are associated with different Afirma gene expression classifier results
and clinical outcomes. Cancer. 2017 Feb 02. PMID: 28152275
Samulski, TD, LiVolsi, VA, Wong, LQ, Baloch, Z. Usage trends and performance
characteristics of a "gene expression classifier" in the management of thyroid nodules:
An institutional experience. Diagnostic cytopathology. 2016 Nov;44(11):867-73. PMID:
27534929
Wylie, D, Beaudenon-Huibregtse, S, Haynes, BC, Giordano, TJ, Labourier, E. Molecular
classification of thyroid lesions by combined testing for miRNA gene expression and
somatic gene alterations. J Pathol Clin Res. 2016 Apr;2(2):93-103. PMID: 27499919
Hadd, AG, Houghton, J, Choudhary, A, et al. Targeted, high-depth, next-generation
sequencing of cancer genes in formalin-fixed, paraffin-embedded and fine-needle
aspiration tumor specimens. The Journal of molecular diagnostics : JMD. 2013
Mar;15(2):234-47. PMID: 23321017
Duick, DS, Klopper, JP, Diggans, JC, et al. The impact of benign gene expression
classifier test results on the endocrinologist-patient decision to operate on patients with
thyroid nodules with indeterminate fine-needle aspiration cytopathology. Thyroid :
official journal of the American Thyroid Association. 2012 Oct;22(10):996-1001. PMID:
22873825
Celik, B, Whetsell, CR, Nassar, A. Afirma GEC and thyroid lesions: An institutional
experience. Diagnostic cytopathology. 2015 Dec;43(12):966-70. PMID: 26466552
Yang, SE, Sullivan, PS, Zhang, J, et al. Has Afirma gene expression classifier testing
refined the indeterminate thyroid category in cytology? Cancer cytopathology. 2016
Feb;124(2):100-9. PMID: 26422098
Noureldine, SI, Olson, MT, Agrawal, N, Prescott, JD, Zeiger, MA, Tufano, RP. Effect of
Gene Expression Classifier Molecular Testing on the Surgical Decision-Making Process
for Patients With Thyroid Nodules. JAMA otolaryngology-- head & neck surgery. 2015
Dec;141(12):1082-8. PMID: 26606459
Sipos, JA, Blevins, TC, Shea, HC, et al. Long-Term Non-Operative Rate of Thyroid
Nodules with Benign Results on the Afirma Gene Expression Classifier. Endocr Pract.
2016 Jan 20. PMID: 26789352
Singer, J, Hanna, JW, Visaria, J, Gu, T, McCoy, M, Kloos, RT. Impact of a gene
expression classifier on the long-term management of patients with cytologically
indeterminate thyroid nodules. Current medical research and opinion. 2016 Mar 28:1-8.
PMID: 26973059
Sacks, WL, Bose, S, Zumsteg, ZS, et al. Impact of Afirma gene expression classifier on
cytopathology diagnosis and rate of thyroidectomy. Cancer. 2016 Oct;124(10):722-8.
PMID: 27347838
Haugen, BRM, Alexander, EK, Bible, KC, et al. 2015 American Thyroid Association
Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated

GT49 | 25

68.

69.

Thyroid Cancer. Thyroid : official journal of the American Thyroid Association. 2015 Oct
14. PMID: 26462967
American College of Endocrinology, American Association of Clinical Endocrinologists,
Associazion Medici Endocrinologi; Medical Guidelines for Clinical Practice for the
Diagnosis and Management of Thyroid Nodules. [cited 06/13/2018]; Available from:
https://www.aace.com/files/thyroid-nodule-guidelines.pdf
BlueCross BlueShield Association Medical Policy Reference Manual "Molecular
Markers in Fine Needle Aspirates of the Thyroid." Policy No. 2.04.78

[69]

CODES
Codes
CPT

Number Description
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
categorical result ("Positive, high probability of malignancy" or "Negative, low
probability of malignancy")
81210
BRAF (B-Raf proto-oncogene, serine/threonine kinase) (eg, colon cancer,
melanoma), gene analysis, V600 variants
81401
Molecular pathology procedure, Level 2
81404
Molecular pathology procedure, Level 5
81405
Molecular pathology procedure, Level 6
81406
Molecular pathology procedure, Level 7
81479
Unlisted molecular pathology procedure
81545
Oncology (thyroid), gene expression analysis of 142 genes, utilizing fine needle
aspirate, algorithm reported as a categorical result (eg, benign or suspicious)
81599
Unlisted multianalyte assay with algorithmic analysis
HCPCS None
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