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Abstract: The incidence of thyroid cancer is rising for a variety of reasons. At the same time, the
nomenclature revision of non-invasive encapsulated follicular-variant PTC to noninvasive follicular
neoplasm with papillary-like nuclear features (NIFTP) has modified the incidence of thyroid cancer. Given
that thyroid neoplasia is a molecular event, it is important for the thyroid physician to evaluate each patient
systematically. Most thyroid cancers are sporadic; however, some are familial and may be associated with
syndromes with genetic implications. Advances in radiologic imaging have made ultrasonography a near
equivalent of gross examination. The American College of Radiology Thyroid Imaging, Reporting and Data
System (ACR TI-RADS) classifies nodules from TR1 to TRS and is valuable in determining which patients
should be guided toward fine-needle aspiration (FNA) sampling. While FNA procedures and processing
may be varied, the key elements are cytologic diagnosis and collection of samples for potential molecular
testing. The Bethesda System for Reporting Thyroid Cytology (BSRTC) is commonly used and categorizes
each FNA specimen into one of six diagnoses. The indeterminate diagnoses with risk of malignancy (ROM)
ranging from 10-75% comprise approximately 30% of thyroid FNA cases and for these, molecular testing
is beneficial. In North America, the two most common molecular platforms are Veracyte Afirma GSC and
ThyroSeq v3. Both panels cover an extensive array of genomic alterations associated with thyroid neoplasia
and a negative result from either test effectively refines the ROM of an Atypia of Undetermined Significance/
Follicular Lesion of Undetermined Significance (AUS/FLUS) or Follicular Neoplasm/Suspicious for a
Follicular Neoplasm (FN/SFN) diagnosis to 3—4%. Given that the refined ROMs are comparable to that
of a Benign BSRTC diagnosis, these patients are recommended for observation of their nodules. However,
differences exist in the implication of Afirma GSC—Suspicious and ThyroSeq v3—Positive molecular results
with regard to the probability of cancer. For either test, the molecular test result should be integrated with

other clinical parameters to determine if surgery is indicated and, if so, the extent of surgery.

Keywords: Thyroid; molecular testing; Afirma; ThyroSeq

Submitted May 02, 2020. Accepted for publication Jul 04, 2020.
doi: 10.21037/gs-2019-catp-26
View this article at: http://dx.doi.org/10.21037/gs-2019-catp-26

Introduction and technological advances have contributed to the

o ' ' . heightened clinical and radiologic sensitivity for small and
The incidence of thyroid cancer has been increasing over

the recent decades (Table 1) (1,2). Much of the increase (PTMC). However, a large-scale study also observed an
has been attributed to the increased detection of low- increase in the number of larger, more aggressive thyroid
grade, well differentiated neoplasms, in particular, carcinomas with an increase in annual incidence-based

differentiated papillary thyroid carcinoma (PTC). Medical mortality of approximately 1% (3). The etiology for the

subtle neoplasms, such as papillary thyroid microcarcinoma
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Table 1 Factors involved in the changing incidence of thyroid cancer
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Factors contributing to an increase in incidence

Factors contributing to a decrease in incidence

Heightened clinical sensitivity (including improved resolution of
radiologic imaging)

Environmental carcinogens
Concern for missing cancer

Decreased threshold for diagnosing follicular-variant PTC by
pathologists

Decreased use of ionizing radiation therapy

Nomenclature revision of noninvasive follicular-variant PTC to NIFTP

increase is not known. Furthermore, there are biological
changes with shifting proportions of encountered thyroid
cancer subtypes. In the USA, molecular profiling of
archival specimens of thyroid neoplasms from the last
few decades has shown a decrease in the incidence of
translocation-associated (e.g., RET/PTC) PTCs (which may
be related to ionizing radiation) and a concurrent increase
in RAS mutated PTCs, suggesting the involvement of
environmental factors (4). Furthermore, comprehensive
mapping of the genomic alterations in thyroid neoplasia
has provided a clearer picture of the distinctions between
nodular hyperplasia, low-grade neoplasms, and high-
grade neoplasms (5-7). Nonetheless, the diagnosis of
thyroid carcinoma is often in the eyes of the surgical
pathologist and over the last three decades, an increase in
the surgical pathology diagnosis of follicular-variant PTC
was noted. However, the noninvasive forms of follicular-
variant PTC were recognized to be extremely indolent
and designated later as a non-malignant neoplasm.
Recently, the 2016 nomenclature revision of non-invasive
encapsulated follicular-variant PTC (categorically a
cancer) to noninvasive follicular neoplasm with papillary-
like nuclear features (NIFTP) (a non-malignant neoplasm
but not entirely benign if left alone) resulted in decreases
in the reporting of thyroid carcinomas and overtreatment
of indolent neoplasms (8). However, a meta-analysis of
reported series showed variability in the effect of the
nomenclature revision with the prevalence of the NIFTP
ranging from <1% to 28% of all thyroid cancers (average
9.1%) (9). Therefore, the impact of NIFTP on altering
the incidence of thyroid cancer appears to depend on the
geographic location, patient population, and the physicians
involved in the care of these patients.

Clinical evaluation

Given the molecular events of thyroid neoplasia and the
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changing landscape described above, it is important for
the thyroid physician to evaluate the patient with a thyroid
nodule systematically to determine the risk of malignancy
and the most appropriate management (7zble 2). During
the patient interview, clinical data regarding presenting
features (e.g., compressive symptoms, dyspnea), prior
biopsies or evaluations, radiation exposure, familial thyroid
cancers and syndromes, autoimmune disorders, non-thyroid
malignancies, etc. are recorded (10). History of radiation
exposure is important for certain patients who may have
received radiation therapy or resided in areas of nuclear
disasters (e.g., Chernobyl, Fukushima). Inquiry into familial
traits regarding thyroid cancer is important but extracting
accurate information may be challenging if the patient and
other family members are not aware of such syndromes.
Over 90% of thyroid cancers are sporadic and due to
somatic genomic alterations (11). The remaining familial
cases are divided into familial non-medullary thyroid cancer
(FNMTC) and familial medullary thyroid cancer (FMTC).
FNMTC comprises approximately 60% of familial thyroid
cancers and is divided further into nonsyndromic FNMTC
(~95%) and syndromic FNMTC (~5%). The vast majority
of FNMTC thyroid cancers is comprised of PTC (~90%)
and the remainder include follicular carcinoma, anaplastic
carcinoma, and Hiirthle cell carcinoma. The etiology
for nonsyndromic FNMTC is not certain but may be
related to involvement of susceptibility genes. Syndromic
FNMTCs are associated with characteristic histologic
subtypes, for example, familial adenomatosis polyposis
syndrome (FAP)—cribriform morular variant PTC, PTEN-
Hamartoma (Cowden) syndrome—classic and follicular-
variant PTC, Carney Complex Type I—PTC and follicular
carcinoma, and DICER 1 syndrome—follicular carcinoma
and follicular-variant PTC (10). FMTC which comprises
approximately 40% of familial thyroid cancers is associated
with mutations in the RET proto-oncogene on chromosome
10q11.2 and is subclassified further into multiple endocrine
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Table 2 Patient history, physical examination, laboratory findings, and radiologic imaging results and their implications (8)

Clinical parameter Implication

Presenting features

Patients with compressive symptoms or dyspnea may require surgery regardless of the status

of the nodule. However, if the diagnosis is lymphoma or anaplastic carcinoma, oncologic

management is warranted

Prior biopsies or evaluations
Radiation exposure

Family history of thyroid cancer

Prior biopsies and evaluations at outside institution may provide insight into the current situation
Patients in areas of nuclear disaster are at risk of thyroid and other cancers

Familial non-medullary thyroid cancer (FNMTC)

* Non-syndromic FNMTC (~95%)

Most are papillary thyroid carcinoma

e Syndromic FNMTC (~5%)

Familial adenomatosis polyposis syndrome

PTEN-Hamartoma (Cowden) syndrome

Carney Complex Type |

DICER 1 syndrome

Familial medullary thyroid cancer (FMTC)

e Multiple endocrine neoplasia 2A (95%)

e Multiple endocrine neoplasia 2B (5%)

Thyroid function tests

Parathyroid hormone and serum calcium Parathyroid disease

Hyperthyroidism, autoimmune disorders

neoplasia (MEN) 2A (95%) or 2B (5%). For these patients,
total thyroidectomy is recommended to remove all C-cells
(with a germline RET mutation) and eliminate the risk of
medullary thyroid carcinoma (MTC) development (12).
Due to the serious implications for the patient and family,
the decision to perform germline genetic testing should
involve medical subspecialists and a genetic counselor (10).

Other aspects of the patient’s clinical history that are
important to obtain include rate of nodule or thyroid
growth, history of autoimmune disease (e.g., thyroiditis,
Graves disease), prior non-thyroid cancers, presence or
absence of compressive symptoms (e.g., dysphagia, dyspnea),
complaints suggesting thyroid hormone dysfunction (e.g.,
hyperthyroidism), prior head and neck surgeries and other
risk factors (10). The physical examination not only focuses
on the assessment of the thyroid nodule but also surveys
signs and symptoms of thyroid hormone abnormalities
and possible surgical risks. Additionally, voice assessment,
laryngeal examination, and evaluation for the risk of
recurrent laryngeal nerve injury are important aspects of
pre-operative evaluation.

Clinical chemistry laboratory evaluation is also a part
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of routine evaluation. All patients should have their serum
thyroid stimulating hormone (T'SH) and possibly free
T4 and total T3 levels tested to assess the possibility of
hyperthyroidism (10). Serum calcium levels are taken
routinely. If concern for parathyroid disease arises,
measurement of parathyroid hormone (PTH) would be
appropriate. While the use of routine serum calcitonin
measurements is controversial, this test is indicated for
patients at risk for MTC. Certainly, if the fine needle
aspiration (FNA) test confirms or suspects MTC,
serum calcitonin and carcinoembryonic antigen (CEA)
measurements are indicated if they had not been performed
beforehand. Germline RET proto-oncogene testing has
serious implications for the patient and family and should
involve counseling as mentioned above.

Thyroid radiology

Radiologic imaging is a critical component in thyroid nodule
evaluation and often a key factor in deciding whether the
patient will have an FNA (10). With advances made in
recent decades, ultrasonography (US) has become highly
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Table 3 American College of Radiology Thyroid Imaging,
Reporting and Data System (ACR TI-RADS) (11)

ACR TI-RADS designation

Risk of malignancy

TR1 2%
TR2 <2%
TR3 2.1-5.0%
TR4 5.1-20%
TRS >20%

Table 4 Ultrasound-guided FNA parameters and details

Parameter Specific details

Needle gauge Most commonly 25- or 27-gauge

Technique Suction or capillary (non-aspiration)
Slide preparation Direct smears

e Alcohol-fixed Papanicolaou stain

* Romanovsky-type stain (e.g., Diff-Quik)
Liquid-based

e ThinPrep

® SurePath

Molecular testing Fresh specimen into a nucleic acid
collection methods preservative

Residual material collected for liquid-
based preparation

Cellular material scraped from direct
smears

On-site evaluation  Routine or requested by procedure

operator

Performed by cytopathologist or
cytotechnologist

sophisticated and may be viewed as in-situ gross examination
of the thyroid gland. With widespread availability, US has
become a routine aspect of patient evaluation. The entire
thyroid gland (for nodule characteristics) and the central and
lateral neck regions (for identification of abnormal lymph
nodes) are examined. Organizations such as the American
Thyroid Association (ATA) and the American College of
Radiology (ACR) have developed guidelines to stratify the
risk of malignancy (ROM). Of these two, the ACR Thyroid
Imaging, Reporting and Data System (TI-RADS) has gained

wide acceptance in the United States and incorporates
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the nodule composition, echogenicity, shape, margin, and
echogenic foci as feature categories (13) (Zable 3). Point scores
based on radiologic findings are assigned to each feature
category and the scores are tabulated for each case. Based on
the total score, each case is given a designation from TRI
(benign) to TRS (highly suspicious) with associated ROMs
which range from 2% or less (TR1) to greater than 20%
(TRS) (14). Subsequently, the decision to perform or not to
perform an FNA is based on the size of the nodule and other
factors. For TR3, TR4, and TRS cases, nodules >2.5, >1.5,
and >1.0 cm are recommended for FNA, respectively (15).

Thyroid FNA technique and processing

FNAs in North America are performed predominantly
with ultrasound guidance (7able 4). For cases selected for
FNA, a number of factors influence the process of thyroid
nodule sampling. These include nodule size, location,
ultrasound characteristics, and potential application of
molecular testing. Nodules selected for FNA sampling are
usually greater than lem. For nodules <1.0 cm, FNAs are
performed when the nodule is associated with metastatic
disease or when there is suspicion for local invasion (16).
Needle sizes most commonly used are 25-gauge and
27-gauge. However, larger caliber needles may be used
under certain circumstances such as drainage of cyst
contents. While the proceduralist’s proficiency in FNA
sampling has been shown to influence the yield of the
diagnostic specimen, advantage of one particular technique
(e.g., active suction or capillary technique) over another
has not been established (17,18). Nonetheless, individual
proceduralists tend to prefer and utilize one method
exclusively. Therefore, it is essential that proceduralists
develop proficiency (minimizing unsatisfactory/non-
diagnostic cases) regardless of the specific technique
utilized. From each FNA pass, the specimen is expulsed
for direct smear preparation (air-dried for Romanowsky-
type staining, alcohol-fixed for Papanicolaou staining),
liquid-based preparation (collected in a specific fixative vial
e.g., Cytolyt), or potential molecular testing (in a nucleic
acid preservative vial). The number of passes dedicated to
direct smears, liquid-based preparations (e.g., ThinPrep),
and potential molecular testing varies from institution
to institution. At our institution, a minimum of 2 direct
smears for Papanicolaou staining, 2 direct smears for Diff-
Quik (Romanowsky-type) staining, and a ThinPrep slide
(with Papanicolaou staining) are procured for cytology
diagnosis and at least one pass or a portion of a pass is
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Table 5 BSRTC diagnoses, diagnostic features, and molecular testing guidelines (16)

BSRTC diagnosis Diagnostic features Molecular testing
Nondiagnostic/Unsatisfactory Insufficient amount of diagnostic elements No
Benign Benign follicular nodule No
Lymphocytic thyroiditis
Granulomatous thyroiditis
Other
AUS/FLUS Architectural atypia Yes
Cytologic atypia
Architectural and cytologic atypia
FN/SFN Cellular specimen with crowding and/or microfollicle formation and with or ~ Yes
without mild nuclear atypia
Hurthle cell type
SM Overt cytologic atypia but missing one or two key diagnostic features Veracyte Afirma GSC, No
ThyroSeq v3, Yes
Malignant Malignant cytologic criteria fulfilled No

submitted for molecular testing. On-site evaluation may be
ordered routinely or by request of the procedure operator
and performed by the cytopathologist or cytotechnologist.
While the slides for cytology diagnosis are processed
routinely, the material collected for potential molecular
testing is held until the cytology diagnosis is made. If the
cytology diagnosis is indeterminate, consideration is given
to performing molecular testing. However, patients are
counseled on this matter and the choice of opting out of
molecular testing is offered since some insurance policies
may not cover the testing expenses adequately. From our
experience, a large majority of patients opt for the testing.
At some institutions, molecular testing is performed on
residual cellular specimens in fixatives such as Cytolyt or by
scraping cellular material from glass slides of direct smears.
However, testing by these methods may be suboptimal as
compared to using a dedicated specimen collected in nucleic
acid preservative vials at the time of the FNA procedure.
In addition to the routine processing mentioned above,
cell blocks may be prepared in certain cases anticipating
immunohistochemical staining (e.g., calcitonin for
medullary carcinoma).

Thyroid cytology reporting

Most institutions reporting thyroid cytology in North
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America use the Bethesda System for Reporting Thyroid
Cytology (BSRTC) or a similar system (Zable 5) (19). When
compared to the first edition, the current second edition
revised the management guidelines in accordance with the
2015 American Thyroid Association (ATA) guidelines and
included molecular testing as an option for the management
of indeterminate diagnoses (16). Furthermore, the second
edition BSRTC acknowledged the influence of NIFTP on
the risk of malignancy (ROM) estimation for each of the six
diagnostic categories and provided two sets of ROM values
(one set considering NIFTP as a “malignant” outcome
and the other considering NIFTP as a “benign” outcome).
Of these two sets, the ROM estimation with NIFTP as a
“malignant” outcome with values that are comparable to
those of the first edition BSRTC is used more commonly
since NIFTP is considered a surgical disease. The
management of the indeterminate BSRTC diagnoses—
Atypia of Undetermined Significance/Follicular Lesion
of Undetermined Significance (AUS/FLUS), Follicular
Neoplasm/Suspicious for a Follicular Neoplasm (FN/
SEN), Follicular Neoplasm, Hiirthle Cell Type/Suspicious
for a Follicular Neoplasm, Hiirthle Cell Type (FNHCT/
SFNHCT) and Suspicious for Malignancy (SM) are most
challenging since the ROMs fall in the intermediary range
of 10% to 75%.

In North American practices, most indeterminate cases
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Table 6 Comparison of Veracyte Afirma GSC and ThyroSeq v3
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Parameter Veracyte Afirma GSC

ThyroSeq v3

Molecular sample Two FNA passes
Diagnostic cytology interpretation
Mutations analyzed 346 genes (761 variants)
Gene fusions analyzed 130 gene fusions

Chromosomal copy number
alterations

Loss of heterozygosity analysis

Molecular results Malignancy classifier positive

GSC benign (4% cancer probability)
GSC suspicious (~50% cancer probability)

Central facility or local institution (if agreement made)

One FNA pass

Central facility or local institution
112 genes (12,135 variants)
>120 gene fusions

10 chromosomal regions

Negative (3% cancer probability)
Currently negative (5-10% cancer probability)

Positive—mutation details and cancer
probability stated for each

derive from one of the following reasons (19). Firstly, the
FNA specimen may represent partial sampling of a neoplasm
or lesion. With incomplete fulfillment of diagnostic criteria,
a definitively benign or malignant diagnosis is not reached.
Examples of such cases include focal manifestation of
microfollicular structures that would not be sufficient for
a FIN/SFN diagnosis. Such cases are diagnosed often as
AUS/FLUS with architectural atypia since the possibility
of a hyperplastic nodule cannot be excluded. If the outcome
is neoplastic, most are follicular-patterned neoplasms
(e.g., follicular adenoma, NIFTP, follicular-variant PTC,
follicular carcinoma) that do not show the robust nuclear
features of PTC (e.g., nuclear elongation, numerous nuclear
grooves and pseudoinclusions). In other instances, the
nuclear features are concerning but present only focally.
These cases are diagnosed as AUS/FLUS with cytologic
atypia since the nuclear features overlap with those of
benign neoplasms or lesions. Neoplastic outcomes for these
cases are usually classic PTC, tall cell variant PTC and
other PTCs with robust nuclear features of PT'C. Secondly,
the neoplasm or lesion may be adequately sampled by
FNA with demonstration of a cellular specimen; however,
the cytologic atypia is subtle or minimal. These cases are
diagnosed most often as FN/SFN. On the hand, cases with
overt cytologic atypia may have one or two key diagnostic
features missing. These are diagnosed as SM. Thirdly,
concerning non-epithelial or extracellular elements (e.g.,
psammoma bodies, thick colloid with multi-nucleated giant
cells) may be identified in the absence of atypical epithelial
cells. Such cases are categorized as AUS/FLUS with a
description of the concerning elements. To further clarify
the possible outcomes for the indeterminate diagnoses,
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molecular testing may be applied.

Molecular testing

The two most extensively studied molecular testing
platforms are Veracyte Afirma and ThyroSeq (1able 6).
The basic principles of the tests are to take a small sample
of the FNA specimen and to run molecular tests on cases
in which the cytology diagnosis is indeterminate. As
mentioned above, multiple molecular specimen collection
methods are available, although Veracyte Afirma and
ThyroSeq each specify their recommended method. While
the diagnostic cytology interpretation may be performed
at the local institution or a centralized facility, molecular
tests are performed exclusively at a centralized laboratory.
The molecular test result, in conjunction with the cytology
diagnosis, provides a refined ROM which aids in the
management of the thyroid nodules.

Veracyte Afirma initially attracted attention with the
landmark publication of its validation study (20). The
current Veracyte Afirma Gene Sequencing Classifier
(GSCQ) analyzes the expression pattern of more than 10,000
genes, of which 1,115 comprise the core genes (21). In
addition, its Xpression Atlas analyzes 761 variants in 346
genes and 130 gene fusion pairs. Specialized collection
test kits are provided for the user. In most instances, the
FNA samples collected for diagnostic cytology are expelled
into a Cytolyt vial for liquid-based ThinPrep processing
and two additional dedicated FNA passes are placed into a
vial of RNA preservative for potential molecular testing if
indicated. Diagnostic cytology interpretation is performed
usually at a centralized Veracyte facility unless an agreement
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for local interpretation is made. The Afirma GSC test is
performed on AUS/FLUS and FN/SFN BSRTC diagnoses
but is not recommended for SM cases. The RNA-Seq
technology detects a variety of genetic alterations including
point mutations, insertions/deletions, and gene fusions.
Furthermore, Afirma GSC has built-in quality control
measures for the detection of thyroid follicular epithelial
cells and parathyroid cells. If the test is positive for one
of its “malignancy classifiers” (e.g., BRAF, medullary
carcinoma MTC, RET/PTC 1,3), further analysis with the
main classifier is not performed. Otherwise, those cases
tested by the main classifier are given the results of Afirma
GSC benign (GSC-B) or Afirma GSC suspicious (GSC-S).
Using a subset of cases from the original validation study,
Afirma GSC achieved a sensitivity of 91%, specificity
of 68%, negative predictive value (NPV) of 96%, and
positive predictive value (PPV) of 47% (21). According to
Bayes’ theorem, predictive values are dependent on disease
prevalence. Therefore, the high negative predictive value
(and thus the low ROM of ~4%), is based on the cancer
prevalence of ~10-40% for the AUS/FLUS and FN/SFN
BSRTC categories. Furthermore, recent independent
studies on Afirma GSC reported benign call rates of 66%
to 76%, which means that approximately two-thirds to
three-quarters of the indeterminate cytology cases tested
by Afirma GSC, have a de-escalated ROM of ~4% (22-25).
For the remaining cases, the ROM is approximately
50%. Therefore, for Afirma GSC-B cases, surveillance is
considered, whereas for Afirma GSC-S and malignancy
classifier positive cases, surgery is considered. The extent
of surgery depends on additional factors such as clinical
history (e.g., symptoms, thyroid function, comorbidities,
familial history and possible syndromes), radiologic
imaging features, specific genomic alteration (if stated),
presence of co-existing thyroid disease, need for concurrent
contralateral parathyroidectomy, surgical risk, and patient
preference (10).

ThyroSeq takes a slightly different approach to
molecular testing (26,27). FNA samples collected for
diagnostic cytology may be handled according to the
protocol of the local institution (e.g., direct smears and/or
liquid-based processing). The preferred specimen collection
method for ThyroSeq molecular testing is to obtain at least
one dedicated FNA pass which is placed into a nucleic acid
preservative vial for potential molecular testing. Diagnostic
cytology interpretation may be performed at the local
institution or a centralized facility. ThyroSeq molecular
tests are performed on all indeterminate BSRT'C diagnoses
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(AUS/FLUS, FN/SEN and SM). ThyroSeq originally
started as a polymerase chain reaction and melting curve
analysis test with a limited 7-gene panel that had a high
PPV but a low NPV (28,29). Therefore, this test was
regarded as a “rule-in” test originally. Over the last decade,
ThyroSeq incorporated next generation sequencing (NGS)
as the testing platform and evolved from ThyroSeq v1 (2013)
to the current ThyroSeq v3 (2017) with an expanded 112-
gene panel covering single nucleotide variants, insertion-
deletions, gene fusions, gene expression alterations, and
copy number alterations. The ThyroSeq v3 validation study
reported a sensitivity of 94%, specificity of 82%, NPV
of 97%, and PPV of 66% for the AUS/FLUS and FN/
SFN BSRTC categories (27). Like Veracyte Afirma GSC,
ThyroSeq v3’s high negative predictive value (and thus the
low ROM of ~3%) is valid for cancer prevalence of ~10-
40% for AUS/FLUS and FN/SFN BSRTC categories. For
the SM BSRTC diagnosis, a positive result may confirm
the suspicion and guide the patient toward surgery (with
total thyroidectomy in consideration, based on the genomic
alteration and clinical features). However, a negative
ThyroSeq v3 result, in the context of a SM diagnosis, still
carries a 20% ROM and therefore, patient counseling is
advised for such cases.

The main difference between ThyroSeq v3 and Veracyte
Afirma GSC is in the reporting of the positive molecular
results (27). ThyroSeq v3’s genomic classifier (GC) assigns
0, 1, or 2 points for each genomic alteration based its
association with cancer (including NIFTP). The weighted
sum is used to calculate the GC score, which in combination
with the allelic frequency and type of genomic alteration is
translated into the GC probability of cancer. This process
was validated in a multicenter clinical trial which involved
a large variety of thyroid (benign, NIFTP, malignant) and
non-thyroid diseases. Since not all mutations are associated
strongly with malignancies, very low-grade mutations such
as PTEN are classified often as “currently negative” with
probability of cancer of ~5-10%. The positive ThyroSeq
v3 results have higher probabilities of cancer that are in the
range of ~30-99% (1able 7).

The detailed molecular results from ThyroSeq v3
contribute information toward determining the indication
for surgery, the extent of surgery, and the prediction
of outcomes (27). For negative ThyroSeq v3 results,
usually observation is recommended and for ThyroSeq
v3 “currently negative” cases, active surveillance is
advised (with the exception of SM cytology cases). For
the remaining positive cases, management depends on
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Table 7 ThyroSeq v3: common genomic alterations and probability
of cancer or NIFTP (27)

Genomic Alterations Probability of cancer

or NIFTP
PTEN ~5-10%
RAS alone 40-80%
Gene expression alteration 50-80%
THADA/IGF2 BP3 alone 50-80%
Copy number alterations 60-70%
RAS and other mutation(s) except TERT  70-80%
PAX8/PPARG alone 50-90%
TERT with or without other mutations 80-95%
RET/PTC alone 95%
BRAF V600E alone 99%
Others 30-95%

ThyroSeq v3’s GC probability of cancer statement in
conjunction with additional clinical parameters, including
history (e.g., symptoms, thyroid function, comorbidities,
familial history and possible syndromes), radiologic imaging
features, presence of co-existing thyroid disease, need for
concurrent contralateral parathyroidectomy, surgical risk,
and patient preference. In this regard, a subset of patients
with BRAF V600E mutation and the majority of patients
with TERT promoter mutation (especially when identified
with other mutations) are associated with aggressive thyroid
cancer phenotypes. For these patients with high-risk
mutations and a very high probability of cancer (~99%),
total thyroidectomy may be advised if the other clinical
indicators are consistent with such approach. Patients with
RAS or RAS-like mutations (e.g., BRAF K601E, PAXS/
PPARg) usually harbor follicular patterned neoplasms which
commonly include follicular adenoma, NIFTP, follicular-
variant PTC, and follicular carcinoma. When these
mutations are identified alone, the probability of cancer or
NIFTP is approximately 40-80%. They usually correlate
with an indolent follicular-patterned neoplasm for which
thyroid lobectomy should be the initial consideration.
Again, correlation with other clinical parameters are
important to determine the extent of surgery.

Recently, the ThyroSeq v3 GC probability of cancer
data have been shown to be potentially useful in calculating
molecular-derived (MD) ROM:s for the indeterminate
diagnoses of individual institutions (30). When stating
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the ROM for each BSRTC diagnostic category on patient
reports, individual institutions often reference the ROMs
given in the current BSRTC text (19). However, the BSRTC
ROMs are expressed in ranges, which are wide for the
indeterminate diagnoses. (1able 5) Since practice patterns
vary, the actual ROM for an indeterminate diagnosis (e.g.,
AUS/FLUS) may vary from institution to institution.
Traditional cytologic-histologic calculations overestimate
the ROMs when the denominator only consists of resection
cases and underestimate the ROMs when the denominator
consists of all cytology cases. Alternatively, MDROM can
be calculated by pooling the ThyroSeq v3 GC probability
of cancer data for each indeterminate category and
determining its mean probability. This analysis is useful for
AUS/FLUS and FN/SFEN categories since only a subset
of these cases undergo resection. With MDROM analysis,
all cases with molecular testing (regardless of resection
status) are included. Understanding one’s own institutional
MDROM for AUS/FLUS and FN/SEN diagnoses may
enhance the ability of thyroid physicians to counsel patients.

Although thyroid molecular testing has been available
for approximately 10 years, we are still in the early
phases. Its overall success would depend on its impact on
parameters such as the surgical resection rate, ratio of
resected cancers (and NIFTPs) to benign nodules, patient
survival and cost effectiveness when compared to more
conservative approaches without the use of molecular
testing. Furthermore, the approach to molecular testing
in North America may not be applicable in other regions
of the world with different ethnicities and cultures. For
example, Asia has a relatively high prevalence of BRAF
V600E mutations (~80%) in thyroid cancers (31,32). In
this setting, testing for BRAF V600E mutation alone
may yield high sensitivity and specificity. However, in
North America, there is a lower prevalence of BRAF
V600E mutations (~40%) (9). Therefore, utilization of
molecular testing as effective rule-out tests with high
negative predictive values requires a wider and more
extensive panel of molecular markers in North America.
Some institutions may take an intermediary approach of
using a limited panel. For example, if a 7-gene panel is
used, the specificity and PPV may be high since the panel
often includes the most significant markers associated with
thyroid cancer. However, the NPV is often less than 90%
and would not be high enough for use as a “rule out” test
(33,34). More recently, a 10-gene panel (thyroid genetic
classifier) offered as diagnostic kit, which may be utilized
locally at the original institution, has been described (35).
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This type of testing takes a different approach from that
of ThyroSeq v3 and Veracyte Afirma which require the
original institution to submit the sample for molecular
testing to centralized laboratories. Recent independent
studies of international cohorts reported NPVs of 96% and
94%, which would be acceptable as “rule out” tests (36).
However, additional independent studies for the 10-
gene panel (thyroid genetic classifier) with detailed
performance characteristics and cost comparisons to
the other molecular panels would be of interest. In lieu
of molecular testing, some Asian thyroid practices have
adopted a conservative active surveillance approach for
the indeterminate (AUS/FLUS and FN/SFN) diagnoses
and have achieved a malignancy outcome of 44% for these
diagnoses (37). This figure is comparable to that achieved
through ThyroSeq v2 and v3 molecular testing in North
America (38). Conversely, whether conservative active
surveillance without molecular testing can be accepted
and achieve the same level of malignancy outcome in
North America is uncertain since the patient cohorts and
molecular characteristics are different between Asia and
North America. Likewise, whether molecular testing is
necessary, or for that matter, cost effective in Asia is also
uncertain due to ethnic and cultural differences. Especially
for patients in the USA, the true out-of-pocket cost
for molecular testing is highly variable due to the wide
range of insurance coverage. While the published cost of
molecular testing may be a few thousand dollars, the true
cost to the patient may be a few hundred dollars, if the
patient has the “right” insurance (39). Unfortunately, data
on the true out-of-pocket cost for molecular testing are
not available publically. In our experience, the majority of
patients in our system opt for testing when offered.

Management of thyroid nodules is multi-disciplinary
such that the radiologist, cytopathologist and molecular
pathologist convey the risk of the nodule, the clinician
assimilates all of the patient’s medical information and
devises a plan, and the patient acknowledges, understands,
accepts and participates in the management plan. In this
regard, defining a universally acceptable hard border for the
minimally acceptable lesion for resection (e.g., adenoma,
NIFTP, carcinoma) is challenging to define, in part, due to
cultural differences. Thyroid nodule management remains
an art as well as a science.
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