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INTRODUCTION

The Afirma Xpression Atlas (XA) (Veracyte, South San Francisco, California), which uses RNA sequencing to 
detect expressed variants and fusions, was launched in May 2018, and its analytical and clinical validation data 
for thyroid nodules were published subsequently.1 In November 2019, the Afirma patient report was expanded 
to enumerate the molecular insights of the Afirma Genomic Sequencing Classifier (GSC) and XA so that they 
could be incorporated into clinical decision making. In March 2020, the Afirma XA panel was expanded to 
include 593 genes informing on 905 variants and 235 fusions. Currently, the Afirma XA is available interna-
tionally and throughout the United States, except in New York, where approval is pending. This commentary 
reviews these developments and their potential impact on thyroid fine needle aspiration (FNA) utilization.

BACKGROUND

The Afirma GSC is a cancer rule-out test with a high negative predictive value so that cytologically indeter-
minate (Bethesda III/IV)2 thyroid nodules with an Afirma GSC benign result can be considered for clinical 
observation in lieu of diagnostic surgical resection (Fig. 1). In blinded validation using a prospectively collected, 
multicenter cohort of Bethesda III/IV nodules with a cancer prevalence of 24%, its sensitivity (91%), specific-
ity (68%), positive predictive value (47%), and negative predictive value (96%) were established.3 Six consecu-
tive independent clinical experience publications have subsequently supported its improved benign call rate 
(including significant improvement among Hürthle-dominant cytology specimens), high negative predictive 
value, and ability to safely reduce diagnostic surgery.4-9

The Afirma XA was introduced for thyroid nodules that are cytologically indeterminate and Afirma GSC 
suspicious, and those diagnosed as Bethesda V/VI (suspicious for malignancy or malignant) (Fig. 1). Afirma XA 
uses RNA sequencing of material collected via FNA to report expressed genomic variants and gene fusions that 
have been associated with thyroid cancer. These findings may refine the risk of cancer, especially among cyto-
logically indeterminate nodules, depending on the specific alteration identified. However, Afirma XA is not a 
cancer rule-out test. Insight from these alterations can contribute to personalized care for biopsied lesions that 
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are known or suspected to be malignant. Similarly, iden-
tification of genomic alterations from an FNA sample of 
known or suspected thyroid cancer metastases may char-
acterize the oncogenic drivers of the tumor and inform 
decisions regarding systemic targeted therapies (Fig. 2).

AFIRMA XA ANALYTICAL AND 
CLINICAL VALIDATION

Clinical validity, analytical validity, and clinical utility 
are key components considered in an evidence-based  
assessment.10 Analytical validation investigated Afirma 
XA across laboratories and reagent lots.1 Using 69 vari-
ant-positive FNA samples, there was high accuracy be-
tween 2 different laboratories with different personnel for 
detecting variants (90%) and fusions (94%).

The Afirma XA clinical validation1 demonstrated 
test sensitivity and accuracy to identify gene alterations 
associated with thyroid cancer using the same patient 
sample for both Afirma GSC and XA molecular test-
ing. The molecular sample is collected into a Veracyte-
provided tube containing FNAprotect (QIAGEN, 
Valencia, California) and shipped to Veracyte with frozen 

bricks (2 dedicated FNA passes per biopsied target are 
recommended). The test’s ability to identify genomic 
variants in the sample’s transcriptome was compared 
with currently accepted methods of targeted DNA and 
RNA sequencing.1 Using 943 blinded FNA samples, the 
Afirma XA had high positive predictive agreement with 
targeted DNA sequencing (74% and 88% at 5% and 
20% variant allele frequency, respectively) and targeted 
RNA sequencing (89%). Similarly, using 695 blinded 
FNA samples to look for RNA fusions, Afirma XA had 
an 82% positive predictive agreement with targeted 
RNA sequencing. Conversely, 95% or more of variants 
and fusions identified by Afirma XA were also identi-
fied by the reference DNA and RNA method. Others 
have shown similar RNA sequencing performance data 
among other tissue types.11 Interestingly, some variants 
identified in DNA were not expressed—or were poorly 
expressed—in RNA. The contribution of these nonex-
pressed DNA variants to clinical pathology, neoplasm 
behavior, or response to targeted therapies is currently 
unknown. One may speculate that differences may be 
present between expressed and nonexpressed protein 

FIGURE 1.  Clinical application of the Afirma Genomic Sequencing Classifier (GSC) and/or Xpression Atlas and the insights provided 
by these genomic analyses among thyroid nodules from fine needle aspiration (FNA) specimens. The patient report includes 
genomically derived understandings (bottom row) that may facilitate personalized treatment. *NIFTP, noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features. Adapted from Ali et al.35
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coding variants that are thought to be drivers of onco-
genesis. Promoter variants, like those of TERT, are not 
identified by Afirma XA.

AFIRMA XPRESSION 
ATLAS EXPANSION

Our understanding of the molecular landscape of thy-
roid neoplasia continues to expand, including that of 
alterations associated with thyroid cancer and resistance 
to targeted therapies.12,13 Genomic variants and fusions 
identified from the literature and via ongoing discovery, 
with analysis of more than 37,000 Bethesda III/VI sam-
ples for novel and rare NTRK1, NTRK3, RET, ALK, and 
BRAF fusions, formed the basis for the first update to 
the Afirma XA panel in March 2020. An additional 104 
novel or rare gene fusions were identified, all of which 

may be targeted with specific kinase inhibitors.14 The 
panel now informs on 905 gene variants and 235 fusions 
from 593 genes.

THE NEW AFIRMA GSC AND 
XPRESSION ATLAS REPORT

Positive Predictive Value

The risk of malignancy or noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features (NIFTP) 
among Bethesda III/IV nodules is an important fac-
tor for both patients and providers in the decision to 
surgically remove a thyroid nodule. This risk, or posi-
tive predictive value, is provided in Afirma test reports 
based on GSC and/or XA findings with the support-
ing evidence referenced (Figs. 3 and 4). For Afirma XA, 
PPV is reported either for the specific alteration identi-
fied or for alterations of that gene. These values were 
derived from validation data,3,15,16 a systematic review 
of the published literature17 and its periodic update, or 
real-world experience among consecutively identified 
patients with available surgical histopathology.18 These 
PPVs are reported to their nearest quartile (eg, PPV 
50% or 75%), except for those >95% (BRAFV600E, 
NTRK fusions, and RET fusions) and >99% (medul-
lary thyroid cancer classifier positive).15 NIFTP are 
considered true positive findings given the current rec-
ommendation of surgical resection of NIFTP for both 
diagnostic and therapeutic purposes. For Bethesda V/
VI nodules, the PPV of genomic alterations is reported 
based on Bethesda III/IV knowledge and qualified by 
a statement that a similar or higher risk of malignancy 
is expected among Bethesda V/VI nodules (given their 
higher pretest risk of malignancy).

FDA-Approved Alteration-Specific Therapy

US Food and Drug Administration (FDA)-approved 
therapies are available for advanced thyroid carcinomas 
that are locally recurrent or metastatic, progressive or 
symptomatic, and refractory to standard treatment (sur-
gery and radioactive iodine for differentiated thyroid can-
cer and surgery for medullary thyroid cancer), regardless 
of their underlying oncogenic drivers.19 These therapies 
include oral multi-kinase inhibitors, often targeting the 
vascular endothelial growth factor receptor, that have 
demonstrated improved progression-free survival with 
better responses than have been seen with cytotoxic 

FIGURE 2.  Clinical application of the Afirma Xpression Atlas 
(XA) for known or suspected thyroid cancer metastases from 
fine needle aspiration (FNA) specimens. Collection of FNA 
cytology confirms adequate tissue sampling and confirmation 
of the biopsied target. XA findings may characterize the 
oncogenic drivers of the tumor and inform personalized 
decisions regarding systemic targeted therapies. Adapted 
from Ali et al.35
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chemotherapy. Nonetheless, the clinical impact of these 
drugs has been limited by modest tumor burden reduc-
tions and adverse effects that can impact quality of life. 
Recently, more alteration-specific targeted therapies have 
entered clinical trials or have received FDA approval. 
These agents have shown potentially greater tumor  
responses, fewer side effects, and efficacy across multiple 
cancers harboring the targeted genomic alteration. This 
has led to approved usage or clinical trials for refractory 
cancers harboring the appropriate genomic alteration, and 
in some cases regardless of the cancer type (ie, they are 
“tissue agnostic”).12,20-23

The Afirma patient report now states if an  
FDA-approved alteration-specific targeted therapy exists 
for the identified oncogenic driver (Figs. 1-4). Internet 
addresses (associated with the superscripted number 
sign in the “FDA-Approved Therapy” column of the  
patient report [Figs. 3 and 4]) are provided for both alter-
ation-specific and alteration-nonspecific, FDA-approved 
therapies and clinical trials (which change frequently).

Currently approved alteration-specific targeted 
therapies include 2 oral NTRK fusion inhibitors for 
solid tumors (entrectinib20 and larotrectinib12) and for 
BRAFV600E-positive anaplastic thyroid cancer: the 

FIGURE 3.  Example of an Afirma patient report of a hypothetical 2.3-cm thyroid nodule from the left lower lobe that was classified 
as Bethesda V (“suspicious for malignancy”) via cytopathology. The Afirma Genomic Sequencing Classifier is a thyroid cancer 
rule-out test for Bethesda III/IV nodules, thus it is not applicable (N/A) in this setting. The Afirma Xpression Atlas (XA) detected 
an ETV6/NTRK3 fusion, reported in red because of its high risk of malignancy. This molecular alteration is associated with papillary 
thyroid cancer (PTC), and alteration-specific US Food and Drug Administration (FDA) therapies exist for this alteration, which may 
be appropriate in the right clinical context. Additional information and context are provided in the “Results Interpretation” section. 
Image superscripts and their references are 9,30 10,31 and 12.18 #FDA-approved therapies for thyroid cancer, both specific for genomic 
alterations and nonspecific, may be found at https://www.cancer.gov/about​-cance​r/treat​ment/drugs​/thyroid and https://www.
cancer.gov/about​-cance​r/treat​ment/drugs​/solid​-tumors. See https://clini​caltr​ials.gov for potentially relevant clinical trials. Afirma 
XA is not a companion diagnostic and is not conclusive for any therapy.

https://www.cancer.gov/about-cancer/treatment/drugs/thyroid
https://www.cancer.gov/about-cancer/treatment/drugs/solid-tumors
https://www.cancer.gov/about-cancer/treatment/drugs/solid-tumors
https://clinicaltrials.gov
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BRAF inhibitor dabrafenib plus the MEK inhibitor tra-
metinib.21 FDA approvals of additional selective inhibi-
tors are expected soon. Promising responses to selective 
RET inhibitors (selpercatinib [LOXO-292], pralsetinib 
[BLU-667]) have been reported among thyroid carci-
nomas harboring RET fusions and point mutations.22-24 
Selpercatinib received FDA approval on May 8, 2020, 
for patients ≥12 years of age with advanced or metastatic 
RET mutant medullary thyroid cancer (MTC) who re-
quire systemic therapy, or with advanced or metastatic 
RET fusion-positive thyroid cancer who require systemic 
therapy and who are radioactive iodine refractory (if ra-
dioactive iodine is appropriate).25

Calling out alterations for which alteration-specific 
targeted therapy exists may benefit patients and educate 
clinicians about this rapidly changing field, but there are 
several potential pitfalls—including a misunderstand-
ing that when no alteration-specific FDA-approved 
therapy exists, no FDA-approved therapy exists. This is 
not true given the existence of FDA-approved therapies 
that are not alteration specific. Furthermore, when an 

FDA-approved therapy exists, it may be misconstrued to 
mean that this therapy should be administered regardless 
of other considerations. Systemic therapy is reserved for 
malignancies in patients that have failed, or are poor can-
didates, for standard treatments such as surgical resection, 
radioiodine, focal therapies (including radiation, thermal 
ablation), or clinical observation. This potential for mis-
understanding is mitigated by instructing readers on the 
patient report to “see medication prescribing information 
for appropriate patient selection” (Figs. 3 and 4).

Clinical Relevance

Information regarding FDA-approved alteration-
specific inhibitors and evidence-based PPVs are sum-
marized in the new Afirma report in a section called 
“Clinical Relevance” (Figs. 3 and 4). The FDA fact 
sheet26 lists 3 levels of clinical evidence for companion 
diagnostics. Although Afirma XA is not a companion 
diagnostic, similar language was adopted to conform 
with FDA recommendations. Identified alterations are 
considered to have “evidence of clinical significance” 

FIGURE 4.  Example of an Afirma patient report of a hypothetical 1.5 cm thyroid nodule from the left upper lobe that was classified 
as Bethesda III by cytopathology. The Afirma Genomic Sequencing Classifier (GSC) result was “Suspicious,” but the usual orange 
color (representing ~50% risk of malignancy) of this result is replaced with gray, foreshadowing that the risk of malignancy is altered 
by an additional finding. The “MTC Classifier” box reports a positive result and is colored red, indicating a high risk of malignancy. 
The Afirma Xpression Atlas reports the detection of a RET:p.C620R c.1858T>C variant. It is also reported in red, denoting the 
high risk of malignancy of this variant in the setting of an “MTC Positive” result and clinical relevance. These molecular findings 
are associated with medullary thyroid cancer. An alteration-specific FDA-approved therapy emerged with the FDA approval of 
selpercatinib on May 8, 2020. Additional information and context are provided in the “Results Interpretation” section, including 
the recommendation to consider genetic counseling/germline testing for multiple endocrine neoplasia type 2 (MEN2) syndrome. 
The superscript number 3 indicates a reference to Randolph et al.15 #FDA-approved therapies for thyroid cancer, both specific 
for genomic alterations and nonspecific, may be found at https://www.cancer.gov/about​-cance​r/treat​ment/drugs​/thyroid and  
https://www.cancer.gov/about​-cance​r/treat​ment/drugs​/solid​-tumors. See https://clini​caltr​ials.gov for potentially relevant clinical 
trials. Afirma XA is not a companion diagnostic and is not conclusive for any therapy.

https://www.cancer.gov/about-cancer/treatment/drugs/thyroid
https://www.cancer.gov/about-cancer/treatment/drugs/solid-tumors
https://clinicaltrials.gov
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when there exists an FDA-approved alteration-specific 
therapy or an established PPV >95% among Bethesda 
III/IV nodules. Alterations are considered to have  
“potential clinical significance” when their PPV is 
<95% as established from at least 10 representative  
cytologically indeterminate nodules. Finally, alterations 
associated with thyroid cancer from published litera-
ture, but without an established PPV, are reported as 
“unknown clinical significance.”

Associated Neoplasm Type

The preoperative identification of the nodule’s likely 
neoplasm type adds important clinical information for 
decision making. The Afirma XA report associates the 
neoplasm type expected in at least 80% of cases with the 
alteration identified (Figs. 1, 3, and 4).

Parathyroid classifier–positive samples predict para-
thyroid hyperplasia, adenoma, or parathyroid carcinoma16 
and should prompt an appropriate biochemical and clin-
ical correlation that may be followed by parathyroid-spe-
cific treatment plans. The MTC classifier predicts MTC 
(Fig. 4),15 which should be followed by specific clinical, 
biochemical, radiological, genetic, and treatment activi-
ties specific to MTC.27 Among MTC classifier–positive 
samples, Afirma XA identifies a variant or fusion in ap-
proximately three quarters, most often RET or RAS vari-
ants.28 Beyond MTC, TSHR variants may be associated 
with autonomously functioning neoplasms and should 
prompt correlation with thyroid function studies. The 
PAX8/GLIS3 fusion is associated with hyalinizing trabec-
ular tumor.29 For other alterations, The Cancer Genome 
Atlas (TCGA)30 and Yoo et al31 published data sets that 
were used to associate the alteration with the neoplasm 
type.

Variant Class

Clinical decision making regarding the need and extent of 
surgery for nodular thyroid disease incorporates multiple 
pieces of data; these include clinical history, physical ex-
amination, and preoperative imaging. Molecular insights 
may add prognostic insights regarding the risk of lymph 
node metastases, N1b lymph node metastases, extrathy-
roidal extension, and gross-extrathyroidal extension.30,31 
While speculative, it is possible that the potential risk for 
these findings may be better informed by the results of 
molecular testing, even when these findings are not ap-
preciated on preoperative imaging or surgical pathology.

TCGA investigated PTC (including the subtypes of 
classical, tall cell, and follicular variants) and developed 
a 71-gene signature to classify gene expression as either 
BRAFV600E-like or RAS-like.30 Yoo et al31 subsequently 
studied minimally invasive FTC, FA, classical PTC, and fol-
licular variant PTC. Gene expression analysis demonstrated 
3 molecular subtypes (regardless of histological features), in-
cluding BRAFV600E-like, RAS-like, and non-BRAF–non-
RAS. Importantly, these data can help to stratify the risk of 
lymph node metastases (and N1b lymph node metastases) 
and extrathyroidal extension (and gross extrathyroidal ex-
tension) in a highest to lowest order: BRAFV600E-like > 
RAS-like > NRNR.30,31 Given the improved understand-
ing of genotype–phenotype correlations in thyroid tumors, 
the Afirma XA patient report now incorporates this infor-
mation. Each genomic alteration assigned a PPV is also as-
signed a signaling class based on the pooled TCGA and Yoo 
et al data sets (see “Results Interpretation” in Fig. 3).

Clinicians may find this additional “natural his-
tory” information helpful in their management delib-
erations and patient counseling. The intent, however, is 
not necessarily to drive more aggressive treatment in the 
BRAFV600E-like class, given its higher rate of lymph 
node metastases and extrathyroidal extension (as well as 
multifocality30,31). Instead, this information can empower 
treating physicians to perform a careful evaluation and 
have an informed conversation with the patient regarding 
appropriate risks and benefits. Despite the apparently in-
creased risk of lymph node metastases and extrathyroidal 
extension among BRAFV600E-like neoplasms, patients 
without these features on preoperative imaging and intra-
operative inspection may, in the right clinical context, be 
well-served by hemithyroidectomy. Ultimately, the role of 
known genetic alterations in contributing to initial clin-
ical management should be determined in clinical trials.

Hereditary Syndromes

Hereditary syndromes associated with thyroid cancer are 
important to recognize for both the patient and at-risk  
affected family members. The identification of a potential 
germline genomic alteration via preoperative FNA testing 
is expected to heighten awareness and prompt appropri-
ate further evaluation.

In the Afirma XA, variants associated with a thyroid 
cancer syndrome are identified and a recommendation to 
consider genetic counseling and confirmatory germline 
testing is included in the patient report (Fig. 4). These 
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genes include RET (multiple endocrine neoplasia type 
2), PTEN (PTEN hamartoma tumor syndrome; Cowden 
syndrome), APC (APC-associated polyposis; familial ade-
nomatous polyposis), and DICER1 (DICER1 syndrome). 
Similar comments are made for variants within Afirma 
XA genes that are associated with other syndromes on 
the American College of Medical Genetics and Genomics 
minimal reporting list.32 These include BRCA1, BRCA2, 
RB1, WT1, NF2, COL3A1, TGFBR2, TP53, and MSH2. 
Afirma XA is not intended to serve as a germline test, 
and alterations identified may be somatic. Conversely, 
a negative result does not exclude a germline syndrome. 
Regardless of the Afirma XA result, patients suspected of 
harboring an inherited syndrome should be considered 
for genetic counseling and potential germline testing ac-
cording to appropriate guidelines.

Results Interpretation

This section summarizes the insights gained for the pa-
tient sample in the context of their Bethesda category 
(Figs. 3 and 4) or metastatic presentation. For example, 
the risk of malignancy is not reported among specimens 
received from metastatic sites. Because no test is perfect, 
these results do not supersede clinical judgment. The mo-
lecular findings are expected to assist the overall patient 
management decision-making process.

IMPLICATIONS FOR CYTOPATHOLOGY

The increasing ability to leverage knowledge of molecu-
lar alterations in thyroid FNA specimens could further 
encourage the use of FNA, particularly for specimen 
acquisition from patients with locally advanced or met-
astatic disease. In such patients, the diagnosis may not 
be in question, but the opportunity to obtain clinically 
valuable molecular data in the least invasive manner pos-
sible is highly beneficial. Morphologic analysis in this 
setting can also serve to document disease progression to 
more aggressive tumors, such as poorly differentiated or 
anaplastic carcinomas. The opportunity to perform cyto-
logic, histologic, and molecular correlation also has the 
potential to refine and further define cytologic criteria for 
malignancy on thyroid FNA specimens.

SUMMARY

Molecular testing of thyroid FNA specimens is widely 
practiced and adds considerable insight toward clinical 
decision making. It is exciting to witness genomic insights 

supplement the traditional factors used in patient manage-
ment. Despite this excitement for “genomics,” clinicians 
should not forget that the FDA has generally followed a 
hands-off policy of enforcement discretion among labo-
ratory-developed tests.33 Thus, clinicians have had thrust 
upon them heightened gatekeeper roles of evaluating 
test quality and safety. As patient advocates, they must 
demand validation data for all laboratory-developed tests 
and reject those that are unsubstantiated.

The Afirma GSC and XA have been validated both 
analytically and clinically.1,3,34 The recent validation of 
the Afirma XA demonstrated test reliability and the iden-
tification of genomic alterations that may inform patient 
management. The updated Afirma GSC and XA reports 
aim to optimize the understanding of these contributions, 
including decisions about observation versus surgery, the 
need for disease-specific preoperative testing, associated 
neoplasm types, prognostics, identification of molecular 
targets for systemic therapy, and the recognition of poten-
tial hereditary syndromes. Patients and their doctors can 
now consider more personalized management options 
informed not only by the clinical, cytological, and radio-
logical data, but also important insights from molecular 
analysis of the FNA material.

FUNDING SUPPORT
The authors received no specific funding for this work.

CONFLICT OF INTEREST DISCLOSURES
Mimi I. Hu serves on the advisory board for Blueprint Medicines, 
Loxo Oncology, and Eli Lilly and is a consultant for Veracyte. Lori 
J. Wirth has received personal fees from Bayer, Blueprint Medicine, 
Cue Biopharma, Eisai, Exelexis, Genentech, Lilly, Loxo Oncology, 
Merck, and Rakuten Medical and has received nonfinancial sup-
port from Eisai, Lilly, Loxo Oncology, and Merck. Richard T. Kloos 
is an employee and equity owner of Veracyte. The other authors 
made no disclosures.

REFERENCES
	1.	 Angell TE, Wirth LJ, Cabanillas ME, et al. Analytical and clinical vali-

dation of expressed variants and fusions from the whole transcriptome 
of thyroid FNA samples. Front Endocrinol (Lausanne). 2019;10:612.

	2.	 Cibas ES, Ali SZ. The 2017 Bethesda system for reporting thyroid 
cytopathology. Thyroid. 2017;27:1341-1346.

	3.	 Patel KN, Angell TE, Babiarz J, et al. Performance of a genomic se-
quencing classifier for the preoperative diagnosis of cytologically inde-
terminate thyroid nodules. JAMA Surg. 2018;153:817-824.

	4.	 Harrell RM, Eyerly-Webb SA, Golding AC, Edwards CM, Bimston 
DN. Statistical comparison of Afirma GSC and Afirma GEC out-
comes in a community endocrine surgical practice: early findings. 
Endocr Pract. 2019;25:161-164.



459Cancer Cytopathology    July 2020

Afirma Xpression Atlas/Krane et al

	5.	 Angell TE, Heller HT, Cibas ES, et al. Independent comparison of 
the Afirma Genomic Sequencing Classifier and Gene Expression 
Classifier for cytologically indeterminate thyroid nodules. Thyroid. 
2019;29:650-656.

	6.	 Endo M, Nabhan F, Porter K, et al. Afirma Gene Sequencing Classifier 
compared with Gene Expression Classifier in indeterminate thyroid 
nodules. Thyroid. 2019;29:1115-1124.

	7.	 Wei S, Veloski C, Sharda P, Ehya H. Performance of the Afirma 
Genomic Sequencing Classifier versus Gene Expression Classifier: an 
institutional experience. Cancer Cytopathol. 2019;127:720-724.

	8.	 San Martin VT, Lawrence L, Bena J, et al. Real-world comparison of 
Afirma GEC and GSC for the assessment of cytologically indetermi-
nate thyroid nodules. J Clin Endocrinol Metab. 2020;105.

	9.	 Andrioli M, Carocci S, Alessandrini S, et al. Testing for Afirma in 
thyroid nodules with high-risk indeterminate cytology (TIR3B): first 
Italian experience. Endocr Pathol. 2020;31:46-51.

	10.	 Teutsch SM, Bradley LA, Palomaki GE, et al. The Evaluation of 
Genomic Applications in Practice and Prevention (EGAPP) initiative: 
methods of the EGAPP Working Group. Genet Med. 2009;11:3-14.

	11.	 Rabizadeh S, Garner C, Sanborn JZ, Benz SC, Reddy S, Soon-Shiong 
P. Comprehensive genomic transcriptomic tumor-normal gene 
panel analysis for enhanced precision in patients with lung cancer. 
Oncotarget. 2018;9:19223-19232.

	12.	 Drilon A, Laetsch TW, Kummar S, et al. Efficacy of larotrectinib in 
TRK fusion-positive cancers in adults and children. N Engl J Med. 
2018;378:731-739.

	13.	 Drilon A, Siena S, Ou SI, et al. Safety and antitumor activity of 
the multitargeted pan-TRK, ROS1, and ALK inhibitor entrec-
tinib: combined results from two phase I trials (ALKA-372-001 and 
STARTRK-1). Cancer Discov. 2017;7:400-409.

	14.	 Wirth LJ, Grubbs EG, Livhits MJ, et al. Identification of novel and 
rare receptor tyrosine kinase fusions in thyroid fine needle aspirates 
(abstract OR28-04). J Endocr Soc. 2020;4(suppl 1):A1102.

	15.	 Randolph G, Angell TE, Babiarz J, et al. Clinical validation of the 
Afirma Genomic Sequencing Classifier for medullary thyroid cancer 
(clinical oral abstract 29). Thyroid. 2017;27:A105.

	16.	 Sosa J, Angell TE, Barbiarz J, et al. Clinical validation of the Afirma 
Genomic Sequencing Parathyroid Classifier (poster 168). Thyroid. 
2017;27:A50-A51.

	17.	 Goldner WS, Angell TE, McAdoo SL, et al. Molecular variants and 
their risks for malignancy in cytologically indeterminate thyroid nod-
ules. Thyroid. 2019;29:1594-1605.

	18.	 Stack BC, Sadow P, Hu MI, et al. Positive predictive value of NTRK, 
RET, BRAF, and ALK fusions in Bethesda III/IV thyroid fine-needle 
aspirates (short call poster 55). Thyroid. 2019;29:A-197.

	19.	 National Cancer Institute. Drugs approved for thyroid cancer. 
Updated June 10, 2019. Accessed May 26, 2020. https://www.cancer.
gov/about​-cance​r/treat​ment/drugs​/thyroid

	20.	 Entrectinib OK’d for Cancers with NTRK Fusions, NSCLC. Cancer 
Discov. 2019;9:OF2.

	21.	 Subbiah V, Kreitman RJ, Wainberg ZA, et al. Dabrafenib and trame-
tinib treatment in patients with locally advanced or metastatic BRAF 
V600-mutant anaplastic thyroid cancer. J Clin Oncol. 2018;36:7-13.

	22.	 BLU-667 controls RET-altered thyroid cancers. Cancer Discov. 
2019;9:OF5.

	23.	 Wirth LJ, Cabanillas ME, Sherman E, et al. Clinical activity of 
LOXO-292, a highly selective RET inhibitor, in patients with RET-
altered thyroid cancers (short call oral 6). Thyroid. 2018;28:A-171.

	24.	 Hu M, Taylor M, Wirth LJ, et al. Clinical activity of selective RET in-
hibitor, BLU-667, in advanced RET-altered thyroid cancers: updated 
results from the phage 1 ARROW study (short call oral 5). Thyroid. 
2018;28:A-170.

	25.	 Retevmo USPI. Accessed May 11, 2020. http://pi.lilly.com/us/retev​
mo-uspi.pdf

	26.	 US Food and Drug Administration. FDA fact sheet: CDRH’s ap-
proach to tumor profiling next generation sequencing tests. Accessed 
October 7, 2019. https://www.fda.gov/media​/10905​0/download

	27.	 Wells SA Jr, Asa SL, Dralle H, et al. Revised American Thyroid 
Association guidelines for the management of medullary thyroid car-
cinoma. Thyroid. 2015;25:567-610.

	28.	 Wirth LJ, Waguespack SG, Busaidy NL, et al. Genomic landscape 
of FNAs positive for medullary thyroid cancer (MTC) and po-
tential impact on systemic therapy (abstract 6087). J Clin Oncol. 
2019;37.

	29.	 Marchio C, Da Cruz Paula A, Gularte-Merida R, et al. PAX8-
GLIS3 gene fusion is a pathognomonic genetic alteration of  
hyalinizing trabecular tumors of the thyroid. Mod Pathol. 2019;32: 
1734-1743.

	30.	 Cancer Genome Atlas Research Network. Integrated genomic charac-
terization of papillary thyroid carcinoma. Cell. 2014;159:676-690.

	31.	 Yoo SK, Lee S, Kim SJ, et al. Comprehensive analysis of the transcrip-
tional and mutational landscape of follicular and papillary thyroid 
cancers. PLoS Genet. 2016;12:e1006239.

	32.	 Green RC, Berg JS, Grody WW, et al. ACMG recommendations for 
reporting of incidental findings in clinical exome and genome se-
quencing. Genet Med. 2013;15:565-574.

	33.	 Genzen JR. Regulation of laboratory-developed tests. Am J Clin 
Pathol. 2019;152:122-131.

	34.	 Hao Y, Choi Y, Babiarz JE, et al. Analytical verification performance 
of Afirma Genomic Sequencing Classifier in the diagnosis of cyto-
logically indeterminate thyroid nodules. Front Endocrinol (Lausanne). 
2019;10:438.

	35.	 Ali SZ, Siperstein A, Sadow PM, et al. Extending expressed RNA ge-
nomics from surgical decision making for cytologically indeterminate 
thyroid nodules to targeting therapies for metastatic thyroid cancer. 
Cancer Cytopathol. 2019. doi:10.1002/cncy.22132

https://www.cancer.gov/about-cancer/treatment/drugs/thyroid
https://www.cancer.gov/about-cancer/treatment/drugs/thyroid
http://pi.lilly.com/us/retevmo-uspi.pdf
http://pi.lilly.com/us/retevmo-uspi.pdf
https://www.fda.gov/media/109050/download
http://10.1002/cncy.22132

