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Introduction

Over the past 3 decades, advances in medical technology have drastically improved our abil-
ity to detect and diagnose thyroid cancer. The introduction and wide availability of real-time
ultrasonography in the 1990s allowed for the detection of smaller thyroid nodules than could
be detected by physical examination alone and for more precise fine needle aspiration biopsy
(FNAB) which has become the cornerstone for gauging the risk of malignancy in thyroid nodules.
The Bethesda system for reporting thyroid cytopathology was introduced in 1997 and stratified
malignancy risks across 6 different categories, helping to standardize the management of thyroid
nodules. The system quickly gained widespread acceptance and was expanded for use with other
malignancies outside of thyroid cancer. However, the success of the Bethesda system in thyroid
cancer was limited by 3 indeterminate categories that often led to surgical excision of mostly
benign thyroid nodules. This clinical problem fueled the advent of molecular profiling of thy-
roid cytologic aspirates. This adjunct tool has generally improved our ability to diagnose benign
neoplasms within these indeterminate categories, although its utility in predicting malignancy
within these indeterminate nodules remains controversial.

However, as the ability to diagnose thyroid cancer in smaller and smaller nodules has in-
creased, the value of doing so has come under increasing scrutiny. Thyroid nodules are extremely
common and are detected with high-resolution ultrasound in 19% to 68% of randomly selected
individuals. Only a small percentage of these nodules, 7% to 15%, actually represent thyroid can-
cer. Furthermore, in the early half of this decade, it was noted that the incidence of thyroid
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cancer was rising exponentially with approximately 63,000 new cases of thyroid cancer diag-
nosed in 2014 in the United States compared to 37,200 new cases in 2009 (4.5% per year), with-
out any change in mortality rate. Closer examination of this increased incidence revealed that
the rise was mostly in the diagnosis of subcentimeter papillary thyroid cancers ([PTCs] microcar-
cinomas). In addition, there was mounting evidence that the majority of these microcarcinomas
were indolent in nature and had little potential to cause significant morbidity and mortality for
patients. In response to increasing concern for the overdiagnosis and treatment of small PTCs, a
US Preventative Task Force was commissioned to evaluate the effectiveness and safety of thyroid
cancer screening.! This Task Force found that although thyroid cancer screening itself was not
harmful to patients, it often led to the treatment of small, clinically insignificant microcarcino-
mas that were associated with a small but not insignificant rate of permanent nerve damage
and hypoparathyroidism. In addition, surgical treatment conferred a higher risk that the patient
would receive adjuvant radioactive iodine (RAI) ablation which was associated with potential
harm to the salivary glands and excess risk of second primary cancers. Finally, although we have
made great advances in the diagnosis of thyroid cancer from FNABs, we have not made as much
advancement in predicting the behavior of the thyroid cancer, limiting our ability to differentiate
between indolent cancers and more aggressive variants.

Thus, clinicians are now faced with the daunting task of balancing potential harm from
overtreatment in the majority of patients with low-risk disease, with appropriate treatment of
those patients who are truly at higher risk for disease-specific morbidity and mortality. In this
manuscript, we provide an updated review of the available evidence to help clinicians navigate
this increasingly complex task.

Thyroid ultrasound

The most widely used imaging modality to evaluate the thyroid is ultrasonography. Not only
is ultrasound less expensive and more readily available compared to other radiologic modali-
ties, but the experience with and literature surrounding sonographic evaluation of the thyroid
is extensive.>® Patients with a thyroid abnormality on physical examination (such as a sus-
pected nodule or goiter) or with an incidentally discovered nodule on another imaging modality
(such as computed tomography [CT], magnetic resonance imaging [MRI] or fluorodeoxyglucose-
position emission tomography [FDG-PET]) should undergo evaluation with ultrasound. A ded-
icated thyroid ultrasound includes characterization of the thyroid parenchyma (homogenous or
heterogeneous), size of the isthmus and each lobe (length, width, and height), location and char-
acteristics of thyroid nodules, and evaluation of the central and lateral cervical lymph node com-
partments.? Sonographic evaluation of the thyroid can aid in the diagnosis of many conditions
including Graves’ disease, thyroiditis, multinodular goiter, and malignancy.

Thyroid nodules

The important characteristics to note for thyroid nodules include echogenicity, presence of
calcifications, shape, vascularity, and composition (cystic, solid, or spongiform).3* Studies have
demonstrated that certain ultrasound findings correlate with a risk of malignancy which can
help guide practitioners in the decision to pursue further evaluation.>® Several characteristics
have a high specificity (>90%) for thyroid cancer and include the presence of microcalcifications,
a shape that is taller than wide, and irregular margins (spiculated, infiltrative, or microlobu-
lated).*” Additionally, a nodule with an interrupted rim of peripheral calcification is more likely
to be malignant (78.9%).8° Although hypoechogenicity may be associated with thyroid cancer,
up to 55% of benign nodules are also hypoechoic,'® demonstrating that although these individ-
ual characteristics may have a high specificity, their individual sensitivities are less than 70% to
77%, limiting their utility to predict benign nodules and detect malignant nodules.
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Fig. 1. American Thyroid Association (ATA) ultrasound characteristic patterns and risk of malignancy. Published with
permission from Haugen and colleagues.?

Most studies evaluating the association of sonographic characteristics of thyroid nodules with
malignancy only include patients with papillary thyroid carcinoma (PTC). However, some fea-
tures on ultrasound are more likely to be found in other types of thyroid cancer. Nodules with
follicular thyroid carcinoma (FTC) are more likely to be iso- or hyperechoic, round (width greater
than anterioposterior dimension in the transverse view), noncalcified, and have smooth mar-
gins.!! Several studies that include both patients with PTC and FTC demonstrate a correlation of
intranodular vascularity with malignancy.#5!2 However, a multivariable logistic regression that
looked only at patients with PTC demonstrated that intranodular vascularity was not indepen-
dently predictive of PTC."3

Given that no single ultrasound finding is 100% predictive or pathognomonic for thyroid can-
cer, the American Thyroid Association (ATA) suggests evaluating nodules in terms of a constel-
lation of sonographic features. Using this approach, nodules can be stratified according to the
presence of concerning ultrasound characteristics that correspond to a certain risk of malig-
nancy. Clinicians can then determine whether further evaluation with FNAB is warranted.!416
The ATA stratifies nodules into 5 groups that correspond to a different risk of malignancy: high
suspicion, intermediate suspicion, low suspicion, very low suspicion, and benign (Fig 1, Table 1).

High suspicion

Thyroid nodules in the high suspicion category carry a risk of malignancy ranging from 70%
to 90%.141>17 A nodule is considered highly suspicious if it is completely or partially solid and
hypoechoic plus has 1 of the following features: irregular margins (microlobulated, spiculated,
infiltrative), microcalcifications, a shape that is taller than wide, a disrupted peripheral rim of
calcification, or extrathyroidal extension. If a nodule fulfills these criteria and is greater than or
equal to 1 cm, an ultrasound-guided FNAB should be performed. If a nodule fulfills these criteria
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Table 1
American Thyroid Association (ATA) ultrasound features with estimated risk of malignancy and recommendation for
(FNAB), adapted with permission from Haugen and colleagues.’

Sonographic US features Estimated risk of FNAB size cutoff (largest
pattern malignancy, % dimension)
High suspicion Solid hypoechoic nodule or solid >70-90* Recommend FNAB at >1 cm

hypoechoic component of a partially
cystic nodule with 1 or more of the
following features: irregular margins
(infiltrative, microlobulated),
microcalcifications, taller than wide
shape, rim calcifications with small
extrusive soft tissue component,
evidence of ETE

Intermediate Hypoechoic solid nodule with 10-20 Recommend FNA at >1 cm
suspicion smooth margins without

microcalcifications, ETE or taller than

wide shape
Low suspicion Isoechoic or hyperechoic solid 5-10 Recommend FNAB at >0.5 cm

nodule, or partially cystic nodule
with eccentric solid areas, without
microcalcifications, ETE, or taller than

wide shape
Very low Spongiform or partially cystic <3 Consider FNAB at >2 cm
suspicion nodules without any of the

sonographic features described in
low, intermediate, or high suspicion

patterns
Observation without FNAB is
also a reasonable option
Benign Purely cystic nodules (no solid <1 No biopsy’
component)

ETE, extrathyroidal extension.
Ultrasound-guided FNA is recommended for cervical lymph nodes that are sonographically suspicious for thyroid cancer.
* The estimate is derived from high volume centers; the overall risk of malignancy may be lower given the interob-
server variability in sonography.
T Aspiration of the cyst may be considered for symptomatic or cosmetic drainage.

but is less than 1 cm, has no extrathyroidal extension, no metastatic cervical lymphadenopathy,
and no distant metastasis, it may be observed if the patient is older than 60 years of age. Sup-
port for this recommendation comes from observational studies of micropapillary thyroid carci-
noma, defined as PTC lesions less than 1 cm. Ito and colleagues demonstrated that, compared
to patients older than 60 years of age, patients younger than 40 years of age have a higher rate
of tumor growth (5.9% vs 2.2% P < 0.01) and development of lymphadenopathy (5.3% vs 0.4%,
P < 0.01).'® Therefore, when highly suspicious sonographic characteristics are present, there is a
lower threshold for FNAB in younger patients even if the nodule measures less than 1 cm.

Intermediate suspicion

Intermediate suspicion nodules carry a malignancy risk of 10% to 20%.'4!>!7 These nodules
are hypoechoic, solid, and have a smooth, regular margin with no calcifications, no extrathyroidal
extension, and are not taller than wide. Nodules with this appearance have a lower specificity for
malignancy compared to the high suspicion group; however, the sensitivity of these sonographic
characteristics is 60% to 80%. As a result, if the nodule has these characteristics and is greater
than or equal to 1 cm, an FNAB should be done to assess for malignancy.

Low suspicion

Low suspicion nodules have a malignancy risk of 5% to 10%.'%1>17 These nodules are isoehoic,
hyperechoic, or partially cystic with eccentric solid areas and have no calcification or extrathy-
roidal extension and are not taller than wide. Studies show that 15% to 20% of thyroid cancers
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are iso- or hyperechoic and are more commonly FTC.'® Furthermore, distant metastasis is un-
likely if these nodules are smaller than 2 cm.'" Thus, these nodules can be observed without
FNAB unless the size of the nodule is greater than or equal to 1.5-2 cm, in which case an FNAB
may be considered.

Very low suspicion

Very low suspicion nodules have a risk of malignancy less than or equal to 3%.5141517 These
nodules are spongiform or partially cystic and have no calcifications, no extrathyroidal extension,
and are not taller than wide. These nodules can be observed. However, FNAB may be considered
if the nodule is at least 2 cm.

Benign

Benign nodules, which have a malignancy risk less than 1%, are typically purely cystic nod-
ules. These can be observed unless the patient is symptomatic, in which case they can be aspi-
rated with or without ethanol ablation.6141517

When evaluating a patient with a thyroid nodule, it is important to assign a risk of malig-
nancy to that nodule based on the category of suspicion, but it is also important to factor in
patient risk factors. If the patient has risk factors that are associated with thyroid cancer includ-
ing symptoms (pain, dysphagia, cough, and hoarseness), a growing thyroid nodule, a history of
radiation exposure as a child, or familial cancer, FNAB should be considered at lower size cutoffs
for all risk categories.!?

Another cancer risk stratification system for thyroid nodules based on ultrasound findings
was developed by the American College of Radiology and published as the Thyroid Imaging, Re-
porting Data System (TI-RADS).> TI-RADS organizes nodules into 5 classifications (benign, min-
imally suspicious, moderately suspicious, or highly suspicious for malignancy) based on points
assigned from 5 different sonographic categories. The practitioner selects 1 feature from each
of the first 4 categories (composition, echogenicity, shape, and margins) and all of the fea-
tures that apply in the fifth category (echogenic foci) and sums the points to determine the
classification (Fig 2). Based on the assigned classification, the TI-RADS score will recommend
whether or not an FNAB is indicated.? Similar to the ATA guidelines, TI-RADS risk can help
quantify the risk of malignancy in thyroid nodules based on suspicious sonographic findings.
Single and multi-institution studies have individually validated both the ATA and ACR TI-RADS
systems and demonstrated that either system can reliably be used for risk stratification of thy-
roid nodules.?’-?* Furthermore, studies have shown that by using either the ATA or ACR TI-
RADS systems, unnecessary FNAB can be avoided without missing clinically significant thyroid
cancer.?4-26

Lymph nodes

In addition to evaluating thyroid nodules, the sonographer must evaluate the central and lat-
eral cervical lymph node compartments in all patients being evaluated for thyroid disease. Stud-
ies have demonstrated that even if a nodule is small, up to 20% to 50% of differentiated thyroid
cancers have metastases to cervical lymph nodes and micrometastases (<2 mm) may be present
in up to 90% of patients.?’>* Preoperative sonographic evaluation of the lymph nodes identifies
up to 20% to 30% of suspicious cervical adenopathy, which may lead to a change in manage-
ment, including FNAB of a nodule or suspicious lymph node, in up to 20% of patients.>>-3? It is
important to keep in mind that ultrasound may only identify one-half of the lymph nodes that
are suspicious for malignancy that are discovered at the time of the operation.*®

Similar to thyroid nodules, cervical lymph nodes also have certain sonographic features that
should raise concern for malignancy. These characteristics include enlargement, loss of the
fatty hilum, a rounded rather than oval shape, calcifications, hyperechogenicity, cystic change,
and peripheral vascularity (Table 2). One study demonstrated that loss of the fatty hilum was
the most sensitive finding for malignancy at 100%; however, the specificity was low, at only
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Fig. 2. American College of Radiology (ACR) Thyroid Imaging, Reporting and Data System (TI-RADS). Published with
permission from Tessler and colleagues.”®

Table 2
Sonographic characteristics of lymph nodes with corresponding sensitivity and specificity.'*0'5!

Sonographic feature Reported sensitivity, % Reported specificity, %

Loss of fatty hilum 83-100 48-56
Cystic change 10-34 91-100
Peripheral vascularity 10-86 57-93
Hyperechogenicity 30-87 43-95
Round shape 37-55 70-89

29%.4142 Another study showed that peripheral vascularity was the most sensitive (86%) but only
carried a specificity of 82%. The most specific characteristics included a short axis (>5 mm; 96%),
presence of cystic areas (100%), hyperechogenicity (100%), and microcalcifications (100%).%° If a
lymph node has any of these characteristics and is 8 mm or larger, the patient should undergo
FNAB.

In summary, thyroid ultrasound is the recommended initial radiographic study of choice to
evaluate for thyroid pathology. A wealth of literature supports using sonographic characteristics
of both thyroid nodules and cervical lymph nodes in risk stratifying and determining the need
for FNAB. Utilizing validated common scoring systems like those produced by the ATA and ACR
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is critical not only in deciding when a FNAB is indicated but also in improving communication
and continuity of care for patients among health care providers.

Cytopathology and the Bethesda classification system

FNAB is an important diagnostic tool in the evaluation of thyroid nodules. To improve com-
munication between clinicians and to facilitate research, the Bethesda system for reporting thy-
roid cytopathology was first developed in 2009 to serve as a standardized framework for report-
ing thyroid FNAB results.*> The Bethesda system has been widely adopted and, recently revised
in 2017,** remains the cornerstone of thyroid cytopathologic diagnosis.

The Bethesda system recommends that each report begin with 1 of 6 diagnostic categories:
(1) nondiagnostic/unsatisfactory, (2) benign, (3) atypia of undetermined significance/follicular le-
sion of undetermined significance, (4) follicular neoplasm/suspicious for a follicular neoplasm,
(5) suspicious for malignancy, or (6) malignant (Table 3). Each category confers a risk of ma-
lignancy and is linked to evidence-based guidelines for clinical management. The 2017 revisions
retained the original 6 diagnostic categories, but updated the risk of malignancy of each category
to reflect more recent data. Importantly, the revisions also included the reclassification of non-
invasive follicular variant of PTC, a subset of PTC that behaves similarly to follicular adenoma, to
noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP). This change
in terminology better conveys the characteristics and prognosis of this variant with the intent of
avoiding overtreatment.*> Thus, in the revised Bethesda system, the risk of malignancy for each
diagnostic category was recalculated in 2 ways: including NIFTP among malignancies, and ex-
cluding it from malignancies. The new system also accounts for the advent of molecular testing
and its role in further refining the estimate of malignancy of indeterminate thyroid nodules.

Nondiagnostic or unsatisfactory (Bethesda 1)

All specimens from thyroid FNAB should first be evaluated for sample adequacy. A specimen
is considered adequate when there is significant atypia identified or when a specific diagnosis
can be made. In order to satisfactorily determine that a specimen is benign, it must contain at
least 6 groups of benign follicular cells, each having at least 10 cells. Specimens that contain
abundant colloid are excluded from this requirement, as this is characteristic of a predominately
macrofollicular benign nodule. The rate of malignancy in nondiagnostic nodules is estimated to
be approximately 5%-10%. Repeat ultrasound-guided FNAB is recommended for nondiagnostic
nodules, and excision considered for those that remain nondiagnostic after repeat FNA. Man-
agement of nondiagnostic specimens containing cyst contents only depends on correlation with
ultrasound findings. These nodules may be managed as benign nodules if there are no worri-
some sonographic features.

Benign (Bethesda II)

Approximately 60-70% of thyroid FNAs are classified as benign with a very low false-negative
rate (<3%), allowing patients with cytologically benign nodules to avoid unnecessary surgery.
Ultrasound-guided FNAB with visualization of needle placement within the nodule decreases
the false-negative rate of benign cytology.*® Benign specimens may be subclassified based on
a variety of descriptive diagnoses. The most common of these is “consistent with a benign
follicular nodule,” which correlates to nodules of a multinodular goiter or follicular adeno-
mas. Benign nodules require no further immediate diagnostic studies or treatment, and are
managed with clinical and ultrasound follow-up.? Although no standardized interval has been
determined, large-scale studies indicate that repeat follow-up at 2-3 years may be cost-effective
and safe.*748
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Table 3
The 2017 Bethesda system for reporting thyroid cytopathology.

Diagnostic category Risk of malignancy (%) Management

NIFTP excluded NIFTP included
from malignancies as malignancy

I Nondiagnostic or unsatisfactory 5-10 5-10 Repeat FNAB with US guidance
Cyst fluid only
Virtually acellular specimen
Other (obscuring blood, etc.)
I Benign 0-3 0-3 Clinical and sonographic
follow-up
Consistent with benign follicular nodule
Consistent with lymphocytic (Hashimoto)
thyroiditis in clinical context
Consistent with granulomatous (subacute)
thyroiditis
Other
Il Atypia of undetermined significance or  6-18 ~10-30 Repeat FNAB, molecular testing,
or lobectomy
Follicular lesion of undetermined
significance
IV Follicular neoplasm or suspicious for a ~ 10-40 25-40 Molecular testing, lobectomy
follicular neoplasm
Specify if Hiirthle cell type
V  Suspicious for malignancy 45-60 50-75 Near-total thyroidectomy or
lobectomy
Suspicious for papillary carcinoma
Suspicious for medullary carcinoma
Suspicious for metastatic carcinoma
Suspicious for lymphoma
Other
VI Malignant 95-96 97-99 Near-total thyroidectomy or
lobectomy
Papillary thyroid carcinoma
Poorly differentiated carcinoma
Medullary thyroid carcinoma
Undifferentiated (anaplastic) carcinoma
Squamous cell carcinoma
Carcinoma with mixed features
Metastatic carcinoma
Non-Hodgkin lymphoma
Other

Table adapted from Cibas ES and Ali SZ.4
FNAB, fine needle aspiration biopsy; NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear factors.

Atypia or follicular lesion of undetermined significance (Bethesda III)

Bethesda III lesions are the most heterogeneous. This is generally considered a category of
last resort for FNAs not easily classified elsewhere and should account for no more than 10% of
specimens. Although a laboratory can choose either name, only 1 should be used consistently for
all specimens in this category. “Atypia of Undetermined Significance” (AUS) is the broader term
of the 2, as “Follicular Lesions of Undetermined Significance” (FLUS) specifies follicular origin.
Descriptions are encouraged to subclassify the type of atypia, if possible. The risk of malignancy
in this category has been difficult to define, as only a small number of nodules are excised -
generally for suspicious features clinically or on ultrasound, or abnormal results on molecular
testing or repeat FNAB. Therefore, the excised subset overestimates the risk of malignancy. This
category includes a significant proportion of NIFTP, and estimates suggest that the reclassifica-
tion lowers the risk of malignancy by up to 59%.*° When NIFTP is included as a malignancy,
the risk is estimated at 10%-30%, but drops to 6%-18% after exclusion. Due to the heterogeneity
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of this classification, management of these nodules must include consideration of clinical and
radiographic features, and usually includes molecular testing. Repeat FNAB or lobectomy should
also be considered.

Follicular neoplasm or suspicious for a follicular neoplasm (Bethesda IV)

As with Bethesda III lesions, either follicular neoplasm (FN) or suspicious for follicular
neoplasm (S-FN) may be used for this category, but only 1 name should be used consistently
by each laboratory and the 2 terms should not designate different diagnostic categories. Al-
though FNAB is not diagnostic for follicular carcinoma, there are cytomorphologic features
that distinguish them from benign follicular neoplasms, such as disordered cytoarchitecture in
microfollicular or trabecular arrangements. Although specimens that demonstrate nuclear fea-
tures of papillary carcinoma were initially excluded from this category in the 2009 guidelines,
the 2017 update modified this exclusion in light of NIFTP to include “mild nuclear changes”
without other clear characteristics of PTC.** These nuclear changes suggest the possibility of
follicular variant of PTC or NIFTP and should be delineated in a description included with the
diagnosis.

The risk of cancer when NIFTP is included as a malignancy is estimated at 25%-40% in this
category, and when NIFTP is excluded, the risk is 10%-40%. Most specimens in this category
are ultimately found to be follicular adenomas or adenomatoid nodules of multinodular goiter,
rather than follicular carcinoma. Molecular testing may be used for specimens in this category
to augment the risk assessment, but excision is typically recommended.

Suspicious for malignancy (Bethesda V)

Although many thyroid cancers can be diagnosed with certainty by FNAB, some may be in-
completely sampled and others may have more subtle morphology, making them difficult to
differentiate from benign lesions. The Bethesda V category encompasses specimens that have
only 1 or 2 characteristic features of malignancy, features that are focal rather than widespread
throughout the specimen, and/or specimens that are less cellular. This diagnosis is used most
commonly when the specimen is suspicious for PTC and includes a significant proportion of
specimens reclassified as NIFTP.#9°0 Therefore, the risk of malignancy drops from 50% to 75%
when NIFTP is included in the malignant category to 45% to 60% when it is considered benign.
To confirm the diagnosis, and because of the risk of malignancy is high, surgical resection is
indicated.

Malignant (Bethesda VI)

This category is used when cytologic features are conclusive for malignancy. Further descrip-
tion may subclassify the malignancy. When NIFTP is included as a malignancy, the risk of cancer
in this category is 97% to 99%. When NIFTP is not considered a malignancy, the risk decreases to
94% to 96%. With the exception of some widely metastatic tumors, surgical resection is indicated
for these lesions.

Molecular profiling of indeterminate thyroid nodules
Objectives of molecular testing

Despite the diagnostic utility, low cost, and widespread use of sonographic and cytopatho-
logic assessments of thyroid nodules to assist with the risk stratification for malignancy,
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10% to 40%°'->3 of nodules will be classified as indeterminate (Bethesda III, IV, or V) with a
risk of malignancy ranging from 5% to 85%.54°6 Ultimately, 60% end up being resected, and the
large majority (85% of AUS-FLUS, 75% of FN-SFN, and 35% of SM) are benign, underscoring the
need for a more precise means of assessment in order to minimize surgical overtreatment.>*>’
Growing knowledge of thyroid tumor biology and molecular genomics over the last 2 decades
has led to advancements in molecular profiling. As a result, a variety of diagnostic tools have
become available to complement cytology and improve our ability to distinguish nodules that
warrant surgery from those that can be safely observed.

Types of molecular tests

Molecular profiling can be divided broadly into 2 general approaches.”® A “rule-out” approach
includes diagnostic tests that demonstrate a high sensitivity and negative predictive value (NPV),
similar to a cytopathologic benign diagnosis. These tests can rule out malignancy with a high de-
gree of reliability. Conversely, a “rule-in” approach has a high specificity and positive predictive
value (PPV), similar to a cytopathologic malignant diagnosis, and would be most useful in situ-
ations where a high preoperative probability of malignancy would change the surgical manage-
ment from a diagnostic lobectomy (and a potential second-stage completion thyroidectomy) to
a single-stage total thyroidectomy. These tests should be used judiciously given that lobectomy
is now considered an acceptable option for PTCs up to 4 cm in size, with no extrathryoidal ex-
tension, cervical lymph nodes, distant metastases, or history of radiation exposure, according to
the most recent National Comprehensive Cancer Network and ATA guidelines.’

Gene expression classifiers

Gene expression classifiers (GECs) quantify the mRNA expression of multiple candidate genes
within the entire transcriptome of the sample tissue. A proprietary algorithm using advanced
statistical modelling and machine learning subsequently stratifies the pattern of mRNA gene ex-
pression into 1 of 2 molecular signatures: benign or suspicious.”?% The most studied GEC test
is the Afirma Gene Classifier (Veracyte Inc., San Francisco, CA), whereby additional FNA sam-
ples are obtained, stored and shipped to a designated outside laboratory using specialized RNA-
preserving tubing and solution. The tissue is analyzed for 167 genes after an initial exclusion of
various rare neoplasms (such as medullary thyroid cancer, parathyroid neoplasms, melanoma,
breast cancer, and renal cell carcinoma). The diagnostic utility of this approach was initially
demonstrated in 2 prospective studies.’?®! In a large multicenter trial, Alexander and colleagues
analyzed 265 indeterminate thyroid nodules larger than 1 cm with independent blinded surgical
pathologic confirmation, and reported an overall NPV of 93% (including 95% for AUS-FLUS, 94%
for FN-SFN, and 85% for SM), and overall sensitivity of 92% (including 90% for AUS-FLUS, 90%
for FN-SFN, and 94% for SM).5! Based on these results, many have suggested that the Afirma
GEC test be used as a “rule-out” test for AUS-FLUS and FN-SFN nodules, given that the likeli-
hood of finding a malignancy with a “benign” GEC result is comparable to that of a nodule with
a benign Bethesda II cytology result (5%). However, given its very low specificity (52%), it re-
mains inadequate as a confirmatory test to rule in malignancy. Since these initial studies, there
have been numerous subsequent independent validation studies that have attempted to repli-
cate these results. Despite various limitations in methodology, the PPV in “suspicious for malig-
nancy” samples was significantly lower, and the NPV seems to decrease to less than 90% in cen-
ters with a higher prevalence of malignancy,52-54 thus bringing into question the reproducibility
of the test’s performance. Similarly, a multicenter follow-up study by Alexander and colleagues
demonstrated large interinstitutional variations in the prevalence of malignancies confirmed by
surgical pathology (33%-80% for AUS-FLUS and 33%-67% for FN-SFN), despite not reaching sta-
tistical significance.% Given the strong correlation of NPV with the prevalence of malignancy in
the study population, it has been suggested that a pretest risk of malignancy of less than 23%
is required for the NPV to be greater than 95% (i.e., equivalent to a benign cytology result).56
Nonetheless, long-term data on Afirma GEC's impact on clinical decision-making has shown a
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significant reduction in rates of diagnostic lobectomies for indeterminate nodules with a benign
Afirma GEC result compared to historical controls.57.68

Recently, the newer Afirma Genomic Sequencing Classifier (GSC) has been introduced in an
effort to improve its diagnostic yield. The GSC uses next-generation sequencing (NGS) technology
to provide more robust methods to sequence nucleic acids and quantify RNA expression in the
context of 1115 core genes.%? In addition, the test also runs the sample through various classi-
fiers (“cassettes”) designed to improve its accuracy, including a follicular content index, Hiirthle
cell index, and Hiirthle cell neoplasm index. Using 183 FNAB indeterminate samples from the
initial prospective blinded multicenter study that validated Afirma GEC,°' Patel and colleagues
similarly compared the diagnostic accuracy of Afirma GSC.5° They were able to demonstrate,
in a population with a 24% prevalence of malignancy, a sensitivity of 91% (AUS-FLUS: 93%;
FN-SFN: 88%), specificity of 68% (AUS-FLUS: 71%; FN-SFN: 64%), NPV of 96% (AUS-FLUS: 97%;
FN-SFN: 95%), and PPV of 47% (AUS-FLUS: 51%; FN-SFN: 42%). Furthermore, the NPV remained
greater than 95% despite variations in cancer prevalence from 10% to 30%, which is the rate ex-
pected for Bethesda III and IV lesions.”® This improvement in performance suggests that the test
would maintain its utility as a “rule-out” test (even in populations with a greater risk of ma-
lignancy), while further minimizing the number of patients undergoing unnecessary diagnostic
lobectomy.

Mutation panels

The identification of cancer-specific DNA mutations can also be used for molecular profil-
ing. This was initially done using a 7-gene panel consisting of BRAF, NRAS, HRAS, KRAS, PTC1
(gene fusion of RET and CCDC6), PTC3 (gene fusion of RET and NCOA4), and PAX8-PPAR-gamma
gene fusions, which detected 60% of malignancies among indeterminate nodules.”’ Other known
mutations include TP53 and CTNNB1 in poorly differentiated and anaplastic cancers, and the
RET gene in medullary thyroid cancers.”'"73 Unfortunately, the 7-gene panel showed low sensi-
tivity and NPV, and highly variable PPV and specificity in prospective studies.”*’% Since then,
it has been modified into the ThyGenX (PDI Inc., Parsippany, NJ), which uses targeted NGS to
detect mutations across the same 7-gene panel in addition to PIK3CA, often seen in follicular
and anaplastic cancers,””’8 or its newer model, ThyGeNEXT, which incorporates the detection of
more than 150 genetic alterations linked to differentiated thyroid cancers.”S Currently, ThyGenX
and ThyGeNEXT tests are offered in conjunction with ThyraMIR, a microRNA classifier test.

After the Thyroid Cancer Genome Atlas comprehensively described the genetic background
and oncogenic driver of a sample of 496 PTCs, Nikiforov and his team expanded the 7-gene
panel test to include newer mutations (including 12 genes and 42 gene fusions) as part of a tar-
geted NGS methodology in an effort to improve sensitivity and NPV.76.7980 This eventually ex-
panded into ThyroSeq v2 (CBLPath Inc., Rye Brook, NY), which detects mutations in AKT1, BRAF,
CTNNB1, GNAS, HRAS, KRAS, NRAS, PIK3CA, PTEN, RET, TP53, TSHR, TERT, and EIF1AX, and 42
gene rearrangements, including in RET, PPAR-gamma, NTRK1, NTRK3, BRAF, and ALK.2! Nikiforov
and colleagues evaluated the performance of ThyroSeq v2 on 143 FN-SFN FNA samples with
known histopathology and demonstrated a 90% sensitivity, 93% specificity, 96% NPV, and 83%
PPV.8! Using a pretest probability of malignancy between 14% and 34%, the NPV and PPV were
modelled at 95% to 98% and 68% to 87% respectively, making the ThyroSeq v2 useful both as a
“rule-out” and “rule-in test”. These data were further extrapolated to AUS-FLUS cytology using a
pretest probability of malignancy of 5% to 15%, which demonstrated a NPV of 98% to 99% and a
PPV of only 40%-69%. This sharp decrease in PPV is likely a result of the comprehensive mutation
assessment, which increases the rate of false-positives, making it unsuitable as a “rule-in” test in
populations with a lower prevalence of malignancy. In addition, there have been no prospective
studies with independent blinded histopathologic assessments of indeterminate FNAB samples.
More recently, the latest version of this test, ThyroSeq v3, detects 112 genes (including the ones
that were incorporated into ThyroSeq v2). Using an initial group of surgically removed speci-
mens as a training set, and a subsequent group of FNAB samples with histopathologic confirma-
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tion as a validation set, the same team was able to demonstrate a 98% sensitivity, 82% specificity,
and 91% accuracy.3? Specifically for lesions with Hiirthle cells, whose malignant potential are of-
ten difficult to predict using cytopathology, the test had a 93% sensitivity and 69% specificity.

RAS mutation and noninvasive follicular tumors with papillary-like nuclear features (NIFT-P)

After the BRAF V600E mutation, which is highly specific for PTC (>99%),%> RAS mutations
(including HRAS, NRAS, and KRAS) are the second most common mutations detected in thyroid
cancers, especially follicular types. Nevertheless, they are not specific for malignancy since as
many as 30% of follicular adenomas harbor such a mutation,®* thereby bringing into question
its utility as a diagnostic tool. In a case series of FNAB samples from thyroid nodules prospec-
tively analyzed by Gupta and colleagues, the majority of RAS-positive samples (93%) were inde-
terminate on cytology.®> Furthermore, after histopathologic confirmation, the majority of these
samples were designated as follicular variant of PTC (fvPTC), with most of these showing no
signs of vascular/capsular invasion or infiltrative growth—consistent with the newer nomencla-
ture of NIFTP. In a similar group of RAS-positive patients, Patel and colleagues have shown that
24% were follicular adenomas, while 76% were malignant (83% of which were consistent with
fvPTC).86 The risk of cancer was 92% (HRAS), 74% (NRAS), and 64% (KRAS) depending on the
specific mutation isoform. Since the new designation of NIFTP for tumors initially labelled as
encapsulated fvPTC, a study by Paulson and colleagues showed that 60% of RAS-positive thyroid
cancers are NIFTP.37 This suggests that patients with RAS-positive indeterminate nodules should
initially be offered a lobectomy as opposed to a thyroidectomy.

Incorporation of microRNA classifiers with mutation panels

MicroRNAs are small noncoding RNAs, whose expression is dysregulated in thyroid cancers
and reflects changes in the expression of various oncogenes and tumor-suppression genes. What
makes this test so promising is its relative molecular stability during handling and processing
of the sample, as well as its histologic-specific and cancer-specific expression profiles. To date,
various microRNA classifiers have been derived, demonstrating high specificity and sensitivity,?3
and have recently been combined with DNA mutation panel tests as part of a 2-step approach
to help improve diagnostic accuracy. This combination has shown promise in differentiating be-
tween RAS-positive benign and malignant follicular lesions.39-°1 More recently, ThyGenX and its
newer version ThyGeNEXT were combined with a microRNA classifier (ThyraMIR) into a 2-step
methodology (Interpace Diagnostics LLC, PDI Inc., Parsippany, NJ). In this approach, mutation-
positive samples are initially screened as “positive” without a second microRNA test (due to the
high PPV of ThyGenX), whereas mutation-negative samples are further subjected to a second
round of ThyraMIR testing (due to the low sensitivity of ThyGenX). A blinded multicenter cross-
sectional study evaluated 109 of Bethesda III and IV lesions using the 7-gene mutation panel fol-
lowed by a microRNA classifier based on the expression of 10 microRNA genes.’? This algorithm
yielded a sensitivity and specificity of 89% and 85%, respectively. With a malignancy prevalence
of 32%, the algorithm had a NPV of 94% and PPV of 74%. Similar to Afirma GEC, Afirma GSC, and
ThyroSeq v2, the diagnostic performance varies according to the prevalence of thyroid cancer,
where a pretest probability of cancer of at least 20% is required to maintain a PPV greater than
60%.

Rosetta GX Reveal (Rosetta Genomics Ltd, Rehovot, Israel) is another assay classifier test that
profiles 24 microRNAs and can be performed using material from regular FNA smears with-
out requiring a dedicated fresh sample.?®> After the classifier was developed according to the
expression profile of a sample of 375 Bethesda II-VI thyroid nodules, Lithwick-Yanai and col-
leagues evaluated the test’s performance in a retrospective multicenter blinded study of 189
samples. Among AUS-FLUS and FN-SFN nodules, the test had a sensitivity greater than 95% but a



J.H. Kuo, C. McManus and C.E. Graves et al./Current Problems in Surgery 56 (2019) 103-127 115

specificity of only 80%, and while the NPV remained high for a malignancy prevalence of 20%
to 30%, the PPV ranged from 55% to 65%. Although Rosetta GX Reveal had similar performance
characteristics as the other available commercial tests, it never gained widespread use and is
currently not available on the market.

Impact on clinical practice and decision-making

It is critical to use molecular profiling methodologies judiciously and cost effectively, reserv-
ing their use for situations where the results would alter the management of the patient. In
order to do so, the clinician must make a comprehensive assessment of the pretest probabil-
ity of malignancy based on clinical risk factors (such as history of radiation exposure or strong
family history of thyroid cancer), both sonographic and cytopathologic features of the nodules
in question, as well as the prevalence of thyroid cancer in their local population.> What is clear
from the numerous validation studies done for the myriad molecular tests is that the utility
of these assays varies significantly depending on the prevalence of thyroid cancer for various
subgroups. Therefore, patient management can be tailored to the appropriate context either by
using an appropriate “rule-in” or “rule-out” test. For instance, molecular testing is not indicated
if a lesion exhibits high-risk features (e.g., Bethesda V and VI cytology, history of radiation ex-
posure, microcalcifications on ultrasound). Furthermore, despite the high NPV for most of these
tests, in a practice with a 50% risk of malignancy in the population, the NPV would drop to less
than 90%, making it suboptimal as a “rule-out” test. On the other hand, for most practices that
have malignancy rates less than 30%, most of the tests discussed in this review have NPVs near
95% or greater, and the choice of test ultimately rests on other factors, such as insurance cover-
age, costs, shipping to extra-institutional laboratories, and ease of obtaining samples (e.g., extra
FNAB passes). Finally, most tests have PPVs that are less than ideal for ruling-in malignancy, and
given that lobectomy is increasingly considered adequate for many thyroid cancers, such tests
would change the surgical management from a diagnostic lobectomy to a total thyroidectomy in
only a small proportion of patients with indeterminate nodules,? thereby limiting their utility as
a “rule-in” test. The tests described in this section are summarized in Table 4.

Follow-up and surveillance of benign thyroid nodules

Given that the majority of thyroid nodules are benign, it is imperative that clinicians use
evidence-based approaches, such as the ATA guidelines, for their evaluation, management, and
follow-up.

Follow-up of nodules that do not meet FNA criteria

Ultrasound may find nodules that do not meet criteria for FNAB at the time of detection.
The majority of thyroid nodules are subcentimeter in size, where FNAB evaluation is generally
not indicated. Many nodules larger than a centimeter may also be followed without FNAB, as
dictated by the sonographic patterns and size cutoffs outlined in guidelines like the 2015 ATA
Thyroid Nodule Guidelines.’

The correlation between sonographic features and malignancy risk can be used to guide the
follow-up strategy for nodules that do not meet FNAB criteria at the time of initial imaging.
Studies indicate that subcentimeter nodules with very low-risk sonographic features have an
extremely low risk of malignancy, and are highly unlikely to change during ultrasound follow-
up.?* Nodules with high-risk sonographic patterns, in comparison, carry an estimated risk of
malignancy of greater than 70%-90%.3 It follows that surveillance ultrasonography for a nodule
with high-risk sonographic features, with its greater risk of malignancy, should be at a shorter
interval than for a nodule with a very low-risk sonographic pattern. The follow-up of nodules
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Table 4

Summary of available molecular diagnostic tests for indeterminate nodules.
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Test Mechanism Cost Advantages Disadvantages
Afirma GEC - Quantifies downstream $4875 - High NPV (>90%) - Requires repeat FNAB
mRNA gene expression sample shipped in
specialized tubing
- High sensitivity - NPV decreases in
(>90%) populations with
higher prevalence of
malignancy (risk of
malignancy >23%)
- Evidence to
demonstrate significant
decrease in diagnostic
lobectomy for
indeterminate nodules
Afirma GSC - More robust mRNA $6400 - High NPV (>95%), - Requires repeat FNAB
expression and despite variations in sample shipped in
bioinformatics modelling prevalence of specialized tubing
malignancy
- High sensitivity
(>90%)
- Higher specificity and
PPV than Afirma GEC
ThyroSeq - DNA mutation panel $3200 - High NPV (>95%) - Lack of data to
v2/v3 demonstrate clinical
effectiveness
- Variable PPV (40-85%)
- Only requires a single
pass FNAB
ThyGenX - DNA mutation panel $1675 - High but variable PPV - Requires shipping in
and specificity specialized tubing
- Improved performance
when combined with
ThyraMIR
- Requires only one FNA
pass
ThyraMIR - Assay for microRNA $3300 - High NPV (>95%) and - Requires shipping in
expression profile (ThyGenX + modest PPV with specialized tubing
ThyraMIR) combined with ThyGenX
- Available in combination
with ThyGenX
Rosetta GX - Assay for microRNA N/A - Does not require - Currently unavailable
Reveal expression profile repeat smear on the market

- High NPV (>90%)
- Modest sensitivity
(<90%)

Costs are depicted in US dollars.
FNAB, fine-needle aspiration biopsy; GEC, gene expression classifier; GSC, genomic sequencing classifier; NPV, negative

predictive value; PPV, positive predictive value.

that do not meet FNAB criteria is therefore based on their sonographic pattern (Table 5):> Nod-
ules with high-risk sonographic features should have a repeat ultrasound in 6-12 months. For
nodules with low to intermediate risk sonographic patterns, a repeat ultrasound should be con-
sidered at 12-24 months. For nodules larger than 1 cm that have very low-risk sonographic
features or are pure cysts, the utility and timing of surveillance ultrasonography is not known.
If ultrasound is repeated, it should be done at or after 24 months. Nodules less than or equal to
1 cm that have very low suspicion sonographic patterns or are pure cysts do not require routine
sonographic follow-up. Ultrasound-guided FNAB should be performed on follow-up if the nodule
then meets the FNAB criteria outlined by the 2015 ATA Thyroid Nodule Guidelines.?
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Table 5
2015 ATA Thyroid Nodule Guidelines: follow-up of nodules that do not meet FNAB criteria.>2

Sonographic pattern Follow-up recommendation Strength of Quality of evidence
recommendation

High suspicion Repeat ultrasound in 6-12 Weak Low
months
Low to intermediate Consider repeat ultrasound Weak Low
suspicion at 12-24 months
Very low suspicion or pure If ultrasound repeated, No recommendation Insufficient evidence
cysts that are >1 cm repeat at or after 24
months
Very low suspicion or pure Routine sonographic Weak Low
cysts that are <1 cm follow-up not required
Table 6

2015 ATA Thyroid Nodule Guidelines: follow-up of nodules with benign FNAB cytology.>?

Sonographic pattern Follow-up recommendation Strength of Quality of evidence
recommendation

High suspicion Repeat ultrasound and Strong Moderate
ultrasound-guided FNAB within
12 months
Low to intermediate Repeat ultrasound within 12-24 Weak Low
suspicion months; if development of

suspicious sonographic features
or growth, could repeat FNAB
(or continue observation)

Very low suspicion If ultrasound repeated, repeat Weak Low
at or after 24 months
Nodule that has undergone Continued surveillance with Strong Moderate
repeat ultrasound-guided ultrasonography no longer
FNAB with second benign indicated
result

Follow-up of nodules with benign FNA cytology

Ultrasound-guided FNAB of thyroid nodules has a low false-negative rate. A 5-year prospec-
tive multicenter study evaluating outcomes for 1597 sonographically or cytologically benign
nodules reported a false-negative rate of 1.1% for nodules with benign FNA cytology.”* Repeat
ultrasound-guided FNAB of nodules with initial benign cytology show a higher detection rate
of missed malignancies in nodules with high-risk sonographic features rather than in nodules
that display growth.?>? Kwak and colleagues and Rosario and colleagues both demonstrated a
higher malignancy rate in nodules with initial benign cytology that exhibited high-risk sono-
graphic patterns (17.4%-20.4%) vs those that grew but did not exhibit high-risk sonographic fea-
tures (1.3%-1.4%). The follow-up of thyroid nodules with benign FNAB cytology is therefore based
on sonographic pattern (Table 6):3

Nodules with high-risk sonographic features should have a repeat ultrasound and ultrasound-
guided FNA within 12 months. For nodules with low to intermediate risk sonographic patterns,
a repeat ultrasound should be performed within 12-24 months. If there is development of suspi-
cious sonographic features (e.g., irregular margins, microcalcifications, taller than wide), an FNAB
could be repeated.

Additionally, if there is growth in the nodule, defined as a 20% increase in at least 2 nodule
dimensions (with a minimal increase of more than 2 mm) or more than 50% increase in volume,
an FNAB could be repeated. Alternatively, observation could be continued with a repeat ultra-
sound and a second FNAB if there is persistent growth. For a nodule with very low suspicion
sonographic features, the utility of surveillance ultrasonography and use of nodule growth as an



118 J.H. Kuo, C. McManus and C.E. Graves et al./Current Problems in Surgery 56 (2019) 103-127

indication for repeat FNAB to detect missed malignancy is limited. It is therefore recommended
that, if ultrasound is repeated, it should be done at or after 24 months.

The risk of malignancy after 2 benign FNAB results is virtually zero.”>-%’-1°1 If a nodule has
undergone a repeat ultrasound-guided FNA with a second benign result, continued surveillance
with ultrasonography is no longer indicated (Table 5).

Follow-up of nodules with indeterminate FNA cytology molecularly profiled as benign

Bethesda Il and IV lesions carry an estimated risk of malignancy of 5% to 15% and 15% to
30%, respectively.** Molecular marker testing may be used to refine the risk assessment in these
nodules, in lieu of proceeding directly to repeat FNAB or diagnostic surgery. In a prospective
study of 653 nodules with AUS/FLUS cytology from a single institution, 94% of nodules with a
negative mutation analysis were benign on final pathology.”* A multi-institutional study using
GEC for AUS/FLUS nodules found a NPV of 95%. For nodules with a FN/SFN cytology, GEC test-
ing was similarly reported to have a NPV of 94%.5' Nodules that are cytologically classified as
Bethesda III or IV that are benign on GEC have an estimated risk of malignancy that approaches
5% to 6%.5174 After consideration of clinical and sonographic features, an indeterminate nodule
that has been molecularly profiled as benign may therefore be followed. The presence of high
suspicion sonographic features does, however, confer a higher risk of malignancy in indetermi-
nate nodules,!02-105

Surgical management of small thyroid cancers

Tumor size has long been considered an important prognostic factor in DTC.'96.197 Clinicians
generally agree that DTC that are larger than 4 cm diameter or high risk should be treated with
total thyroidectomy.?'98 For low-risk nodules smaller than 1 cm diameter, recent guidelines have
shifted toward surveillance rather than FNAB for cytological analysis, which should decrease the
incidence of the diagnosis of microcarcinomas (<1 c¢m).>!98 Although there has been some con-
troversy over the necessity and extent of surgery for microcarcinomas, new studies and treat-
ment guidelines published over the past few years generally recommend surveillance or thyroid
lobectomy for low-risk microcarcinomas rather than total thyroidectomy.?-'%%-113 However, for
low-risk, small (1-4 cm) DTC, the appropriate extent of surgery, whether it be total thyroidec-
tomy or unilateral lobectomy, has been a longstanding subject of debate among experts.

Those in favor of total or near-total thyroidectomy argue that it may improve survival, re-
duce recurrence rates, and enable postoperative RAI therapy, although the indications for RAI
ablation are decreasing. Total thyroidectomy allows for detection and removal of synchronous
malignancies in the contralateral lobe, which occurs not infrequently given the multifocal ten-
dency of thyroid cancer. As the initial operation, total thyroidectomy also has the benefit of
limiting patients to a single procedure, whereas patients who undergo lobectomy may later re-
quire completion thyroidectomy based on pathology and staging. It was previously argued that
complete removal of all thyroid tissue with total thyroidectomy and subsequent RAI facilitates
postoperative follow-up for detection of residual or recurrent disease with whole body scanning
or serum thyroglobulin (Tg) measurements. However, the use of whole body scanning in post-
operative surveillance has fallen out of favor in recent years with the rise of ultrasonography.
Even though RAI ablation is no longer recommended for low-risk DTC, the 2015 ATA guide-
lines for low-risk DTC patients who have undergone thyroid lobectomy or total thyroidectomy
without RAI ablation continue to recommend periodic serum Tg measurements for postoperative
follow-up.? Serum Tg measurements in patients who have not undergone RAI therapy can vary
widely based on the amount of residual thyroid tissue and degree of TSH suppression.' Thus,
it should not be surprising that there is more evidence to support the value of serum Tg lev-
els in postoperative surveillance after total thyroidectomy without RAL'>!6 whereas its value
after lobectomy has been challenged in the most recent and extensive study on the subject to
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date that demonstrated Tg levels and the Tg/TSH ratio increased gradually after lobectomy in
patients with and without recurrences and therefore periodic measurements of serum Tg levels
had limited value in predicting recurrent PTC after lobectomy.!!”

On the other hand, proponents of unilateral lobectomy for small low-risk tumors cite the
benefits of less aggressive treatment, such as decreased risk of surgical complications and need
for lifelong postoperative hormone replacement, although some patients may still require some
degree of exogenous hormone replacement to maintain TSH suppression. Using data from the
Healthcare Cost and Utilization Project-Nationwide Inpatient Sample (HCUP-NIS) from 1999 to
2003, 1 study found significantly higher rates of hypocalcemia and vocal cord palsy after total
thyroidectomy vs lobectomy for thyroid cancer.!’® Another study based on the same HCUP-NIS
database showed that despite the lower likelihood of complications seen in patients operated
on by high volume vs low volume surgeons, the overall postoperative complication rate for total
thyroidectomy was significantly higher when compared to lobectomy (20.4% vs 10.8%, respec-
tively, P < 0.0001) for all surgeons, regardless of experience level, with hypocalcemia being the
most common complication after either procedure. For high volume surgeons, the odds ratio
of postoperative complication after bilateral vs unilateral thyroidectomy after adjusting for con-
founding factors was 1.824 (confidence interval 1.458-2.281, P < 0.0001).""° It is argued that
these benefits of unilateral lobectomy occur in the setting of similar overall survival rates as
with total thyroidectomy despite the potential need for salvage therapy due to increased rates
of recurrence.

A satisfactory resolution to this debate on surgical approach has proven elusive in part due
to the lack of prospective, randomized controlled trials addressing this issue. Unfortunately, such
a study would be nearly impossible to carry out given the excellent rates of disease-specific sur-
vival in DTC, at well over 90%,'2° and low overall incidence of recurrence, which would require
impractically large numbers of subjects and lengthy follow-up time periods to demonstrate sta-
tistically significant differences. Although there have been a number of large-scale retrospective
studies, they offer conflicting results which are difficult to compare given multiple variations in
study design such as types of DTC included, use of lymph node dissection, use of adjuvant ther-
apies such as RAI, and, perhaps most importantly, methods for patient selection for operations.

Guidelines regarding surgical treatment of 1-4 cm DTC have evolved over time based on the
limited data available. In the prior ATA 2009 guidelines, near-total or total thyroidectomy was
strongly recommended for all DTC larger than 1 cm.'?! The guidelines cited a study published in
2007 by Bilimoria and colleagues that reviewed 52,173 patients in the National Cancer Database
(NCDB) who underwent surgery for PTC during the years 1985 to 1998. The study demonstrated
higher overall survival for total thyroidectomy vs lobectomy (98.4% vs 97.1%, respectively, P <
0.05) and lower recurrence rates (7.7% vs 9.8%, respectively, P < 0.05),'22 although it has been
debated whether these differences were actually clinically significant. In particular, they also
focused on tumors at least 1 cm in size and found that lobectomy was associated with a 15%
higher risk of recurrence (P=0.04) and 31% higher risk of death (P=0.04) when compared to
total thyroidectomy.

Common criticisms of the 2007 study include a lack of disclosure regarding patient selec-
tion factors for performance of lobectomy vs total thyroidectomy, such as patient comorbidi-
ties and the presence of high-risk features. Aside from tumor size, other important confounding
variables were not considered in their analysis. Later studies designed to address these criticisms
place these findings into question. Using more recent NCDB data from 1998 to 2006, Adam and
colleagues found a similar overall survival after total thyroidectomy vs lobectomy for PTC mea-
suring 1-4 cm with multivariable analysis accounting for demographic factors including age, race
and gender, extrathyroidal extension, multifocality, presence of nodal or distant metastases, RAI
treatment, as well as stratification by tumor size.'?> Multiple studies have also looked at pa-
tients in the Surveillance, Epidemiology, and End Results database. Altogether, they found no
significant differences between lobectomy and total thyroidectomy patients in 10-year overall or
disease-specific survival, despite the inclusion of some high-risk patients in the studies.!24-126

Most recently, a systematic review of 13 studies from 1990 to 2018 concluded that lobectomy
resulted in similar oncologic outcomes as total thyroidectomy for small, low-risk PTC.'?” Three
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of 5 included studies showed a small, statistically significant improvement in disease-free sur-
vival after total thyroidectomy.!22128129 In addition to the study by Bilimoria and colleagues, one
involving 1685 patients treated at a single center from 1940 to 1991 revealed 20-year local recur-
rence and nodal metastases rates of 14% and 19%, respectively, with lobectomy as compared to
2% and 6% with total thyroidectomy (P=0.0001).'2° However, these observed differences were
not considered clinically significant in the review. This interpretation is supported by the fact
that the majority of recurrences after lobectomy are locoregional, easily detected on follow-up,
and treated with re-excision without significant impact on overall survival.!30-133

The variation in recurrence rates reported in lobectomy patients for database studies also
likely reflects the heterogeneity of patient selection methods for lobectomy in those popula-
tions. In contrast, low rates of locoregional recurrence and need for completion thyroidectomy
after lobectomies, as well as excellent survival outcomes reported at the institutional level, may
reflect the result of careful patient selection. For instance, Nixon and colleagues reported on 889
patients with TIT2NO DTC treated with total thyroidectomy or thyroid lobectomy showing no
significant difference in local recurrence (0% for total thyroidectomy and lobectomy) or regional
recurrence (0.8% for total thyroidectomy and 0% for lobectomy, P=0.96) with median follow-up
of 99 months.'30

Changes in the revised ATA 2015 guidelines reflect the results of these later studies. The
new guidelines recommend either total thyroidectomy or unilateral lobectomy as sufficient ini-
tial treatment for DTC between 1 and 4 cm in size without clinical evidence of extrathyroidal
extension or lymph node metastases.> The guidelines also list potential factors that would favor
total thyroidectomy such as age greater than 45 years, contralateral thyroid nodules, personal
history of head and neck radiation exposure, and familial DTC, as well as patient preference.
Similar to the ATA guidelines, the 2018 National Comprehensive Cancer Network guidelines also
recommend either total thyroidectomy or lobectomy for PTC in patients with no prior radiation
exposure, no distant metastases, no cervical lymph node metastases, no extrathyroidal extension,
and tumor size no greater than 4 cm in diameter'%® (Table 7).

Our evolving understanding of thyroid cancer has also resulted in a relatively recent change
in surgical approach regarding a former histopathologic subtype of DTC. The follicular variant of
PTC was previously characterized as a malignant neoplasm with follicles rather than papillae de-
spite having nuclear features characteristic of PTC. It was previously subdivided into infiltrative
(IFVPTC) and encapsulated (EFVPTC) subtypes.

Over the past few decades, the follicular variant of PTC has nearly tripled in incidence such
that it surpassed classical PTC as the most common histologic finding in PTC.!*4 The encap-
sulated subtype accounted for approximately one-half to two-thirds of the follicular variant of
PTC.'3> At the same time, new research has revealed the largely indolent nature of the encapsu-
lated subtype of the follicular variant>-136-139 with high survival rates and low to absent rates of
recurrence. Other studies did demonstrate the rare presence of distant metastases upon diagno-
sis or follow-up of patients with the encapsulated subtype.'4?

In 2016, an international retrospective review of 109 patients with the encapsulated sub-
type that were treated with total thyroidectomy or unilateral lobectomy without RAI ablation
demonstrated 100% survival and no recurrence at time of last follow-up, which ranged from 10
to 26 years.? In order to discourage overly aggressive treatment of these indolent tumors, the
study proposed that the encapsulated subtype be reclassified as noninvasive follicular thyroid
neoplasm with papillary-like nuclear features (NIFTP), a precancerous but nonmalignant entity
separate from PTC.

These changes to distinguish NIFTP from its malignant counterparts were also in line with
updated recommendations made previously by the 2015 ATA guidelines which suggested that
EFVPTC tumors without known risk factors for malignancy such as thick capsule, tumor necrosis,
or high mitotic activity can be adequately treated with lobectomy alone regardless of tumor
size.> Of note, the guidelines emphasized the importance of careful pathologic evaluation to
completely rule out the presence of invasive or infiltrative growth or the presence of areas of
poorly differentiated carcinoma for the accurate diagnosis of NIFTP. Although the diagnosis of
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Table 7

National guidelines for surgical approach to small (1-4 cm) low-risk differentiated thyroid cancer (DTC).
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2019 ATA Guidelines

2015 ATA Guidelines

2018 NCCN Guidelines

Near-total or total thyroidectomy is
recommended for thyroid cancer
>1 cm, unless there are
contraindications to this surgery.

Either bilateral procedure
(near-total or total thyroidectomy)
or a unilateral procedure
(lobectomy) can be the initial

Total thyroidectomy is
recommended if any of the
following criteria are present:

« Tumor >4 cm in diameter
« Known distant metastases
Extrathyroidal extension
Cervical lymph node
metastases

Poorly differentiated
Consider for prior radiation

treatment for patients with thyroid
cancer >1 cm and <4 cm who
meet the following criteria:

.

« No extrathyroidal extension
« No clinical evidence of any
lymph node metastases (cNO)

. L . exposure
Addltlhonal cr}terla to consider for . Consider for bilateral
selecting a bilateral procedure over nodularity

a unilateral one:

If none of the first 5 of the above
criteria are present, may consider
either lobectomy or total
thyroidectomy. The guidelines
provide various evidence in
support of each surgical approach
without clearly advocating for one
over the other, citing instead the
importance of individualized
consultation with each patient.

Older age (>45 years)
Presence of contralateral
thyroid nodules or to address
suspicions of bilateral disease
Personal history of radiation
therapy to the head and neck
Familial DTC

Plans for RAI therapy or to
facilitate follow-up strategies
Patient preference

.

ATA, American Thyroid Association
NCCN, National Comprehensive Cancer Network
RAI radioactive iodine.

NIFTP is a histologic one that requires lobectomy, subsequent completion thyroid lobectomy and
RAI is not indicated once the diagnosis is made.

With the new recommendations supporting thyroid lobectomy for the treatment of NIFTP of
all sizes, the ability to identify NIFTP preoperatively is increasingly important to avoid overtreat-
ment of NIFTP with initial total thyroidectomy. In addition to ultrasound findings that indicate
noninvasive tumor characteristics, both cytopathology and molecular profiling can be employed
towards this goal. As discussed previously, the 2017 Bethesda system for thyroid cytopathology
made various modifications to update the malignancy risk estimates for each diagnostic category
where NIFTP is considered nonmalignant, which is especially useful in Bethesda III-V lesions
which contain the largest proportion of cases of NIFTP.44141142 Last, the new Bethesda system
suggests including a note in the cytopathology report if there is any suspicion for NIFTP. Multi-
ple cytomorphologic features have been shown to have statistically significant associations with
NIFTP vs PTC.'#? The presence of these cytomorphologic features are not completely predictive
of diagnosis of NIFTP on histopathology, but they still can play a role with other clinical findings
to help guide surgical approach.

Aside from cytopathology, molecular profiling may also be used to help identify potential
NIFTP tumors. In comparison to classical PTC, where BRAF mutations and RET/PTC rearrange-
ments are the most commonly seen,'#> NIFTP tumors are more frequently characterized by
RAS mutations and PAX8/PPARG rearrangements and rarely exhibit BRAF mutations.'#*%> Fur-
thermore, a recent study found that 59% of surgically resected thyroid carcinomas with RAS
mutations discovered on molecular profiling were found to be NIFTP in surgical pathology.?’
Given these findings, the reclassification of NIFTP as nonmalignant would likely alter perfor-
mance measures from prior validation studies of molecular profiling where EFVPTC tumors were
classified as malignant.5274.146-148 \oreover, the presence of RAS mutations should trigger a high
suspicion for NIFTP which, interpreted in conjunction with other clinical findings, should impact
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treatment selection. Ideally, the additional ability to distinguish NIFTP tumors from IFVPTC tu-
mors would be useful in further stratification of surgical approach. Although RAS mutations are
also commonly found in IFVPTC tumors, a portion of IFVPTC tumors have been shown to contain
BRAF mutations instead.'*#14> However, this distinction is insufficient to accurately differentiate
IFVPTC from NIFTP tumors in all cases and further work is required to determine other distin-
guishing characteristics.!414°

With increased use of unilateral lobectomy in the treatment of small low-risk DTC and NIFTP
as a result of the new ATA guidelines, additional data should be available over the coming years
to shed further light on this ongoing debate regarding the benefits and limitations of lobec-
tomy vs total thyroidectomy. Separation of NIFTP from DTC moving forward will also remove
an additional confounding factor in comparing the 2 operative strategies. As methods to better
prognosticate thyroid cancer outcomes for individual tumors improve, we will likely see wider
acceptance of unilateral lobectomy as an initial surgical approach in carefully selected patients
with small, low-risk DTC.

Conclusion

Thyroid nodules are common and may be detected in up to 68% of the general population.
Most thyroid nodules are benign, clinically insignificant, and are safely managed with a surveil-
lance program. The main goal of initial and long-term follow-up is identification of the small
subgroup of nodules that harbor a clinically significant cancer, cause compressive symptoms, are
enlarging significantly, and/or progress to functional disease. A diagnostic algorithm that com-
bines ultrasonography, FNAB, and molecular testing enables a personalized and safe approach to
the management of thyroid nodules.
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