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Introduction: Molecular testing of fine-needle aspiration (FNA) results helps diagnose thyroid
cancer, although the additional cost of this adjunct has not been studied. We hypothesized that
FNA molecular testing of two indeterminate categories (follicular lesion of undetermined signif-
icance and follicular/Hürthle cell neoplasm) can be cost saving.

Methods: For a hypothetical group of euthyroid patients with a 1-cm or larger solitary thyroid
nodule, a decision-tree model was constructed to compare the estimated costs of initial evaluation
according to the current American Thyroid Association guidelines, either with molecular testing
(MT) or without [standard of care (StC)]. Model endpoints were either benign FNA results or
definitive histological diagnosis.

Results: Molecular testing added $104 per patient to the overall cost of nodule evaluation (StC $578
vs. MT $682). In this distributed cost model, MT was associated with a decrease in the number of
diagnostic lobectomies (9.7% vs. StC 11.6%), whereas initial total thyroidectomy was more fre-
quent (18.2% vs. StC 16.1%). Although MT use added a diagnostic cost of $5031 to each additional
indicated total thyroidectomy ($11,383), the cumulative cost was still less than the comparable cost
of performing lobectomy ($7684) followed by completion thyroidectomy ($11,954) in the StC
pathway, when indicated by histological results. In sensitivity analysis, savings were demonstrated
if molecular testing cost was less than $870.

Conclusions: Molecular testing of cytologically indeterminate FNA results is cost saving predom-
inantly because of reduction in two-stage thyroidectomy. Appropriate use of emerging molecular
testing techniques may thus help optimize patient care, improve resource use, and avoid unnec-
essary operation. (J Clin Endocrinol Metab 97: 1905–1912, 2012)

Thyroid nodules are a frequently encountered clinical
problem. With the routine use of high-resolution ul-

trasound, the detection of thyroid nodules has increased,
and the incidence of thyroid nodules in adults is now 20–
75% (1). Approximately 5% of nodules are malignant,
and evaluation to exclude thyroid cancer is important,
especially because the incidence is rising and thyroid can-
cer is now the fifth most common cancer diagnosed in
women (2). Systematic and accurate algorithms to evalu-

ate thyroid nodules are therefore becoming increasingly
relevant. Commonly used evidence-based guidelines have
been developed through the American Thyroid Associa-
tion (ATA) and American Association of Clinical Endo-
crinologists (AACE) (3, 4). Neck ultrasound is the best
initial diagnostic imaging modality for thyroid nodule
characterization, and modern algorithms rely on fine-nee-
dle aspiration (FNA) cytology results to guide subsequent
management.
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FNA is highly sensitive for thyroid cancer, but speci-
ficity is low. Cytology results are considered indeterminate
in 20–30% of cases and include results in the follicular
lesion of undetermined significance (FLUS), follicular or
Hürthle cell neoplasm (FN), or suspicious for malignancy
(SUSP) categories. The risk of cancer in these indetermi-
nate FNA categories can range widely, from 5–75% (5)
thus diagnostic thyroidectomy is often necessary. In the
absence of clinical risk factors for thyroid malignancy, an
initial thyroid lobectomy is a common surgical option for
patients with a solitary thyroid nodule and FNA results in
the cytology categories considered low-risk for malig-
nancy (FN or repeatedly FLUS); however, those patients
diagnosed with thyroid cancer after lobectomy often re-
quire a second operation for completion thyroidectomy,
which incurs additional costs and risks. Improving pre-
operative risk stratification to better discriminate which
thyroid nodules are malignant will facilitate initial defin-
itive surgery and could reduce the costs of care.

Testing of FNA specimens for gene mutations and re-
arrangements associated with thyroid cancer is a recent
adjunct that can increase the diagnostic utility of FNA (6,
7). Studies have shown that detection of any one of the
nonoverlapping genetic alterations such as BRAF, RAS,
RET/PTC, or PAX8/PPARg is 85–99% predictive of dif-
ferentiated thyroid cancer, regardless of cytological cate-
gory (8–10) and can prompt initial definitive total thy-
roidectomy (11, 12). Consideration for molecular testing
to help clinical management of indeterminate FNA results
is recommended by the latest version of the ATA guide-
lines (3), but its routine use has not been evaluated at many
centers.

Although molecular testing does add cost to the pre-
operative evaluation, we hypothesized that this cost will
be offset by the savings associated with avoiding two-stage
thyroidectomy. We used a decision-tree analysis to exam-
ine the cost of adding molecular testing of FNA results in
the FLUS and FN categories to the management of a hy-
pothetical group of thyroid nodule patients as directed by
the current ATA guidelines (3).

Patients and Methods

A decision-tree model using TreeAge Software (TreeAge Inc.,
Williamstown, MA) was constructed to analyze the estimated
cost of testing in a hypothetical group of patients evaluated for
a thyroid nodule according to the current ATA guidelines with
the addition of molecular marker testing. This management
strategy was compared with the cost of thyroid nodule evalua-
tion using current ATA guidelines but without molecular marker
testing (Fig. 1). In the decision tree, a hypothetical population of
adults presenting with a new 1-cm or larger solitary thyroid
nodule and a normal baseline TSH level progressed through the

model according to chance outcomes determined by test speci-
ficities, test sensitivities, and clinical probabilities. The mean age
at presentation was taken to be 49 yr (2). The mean natural life
expectancy of 78 yr was obtained from U.S. census data (13). All
patients were assumed to be surgical candidates, to consent to
surgery, and to have no previous history of neck surgery or other
confounding medical conditions. All patients were evaluated us-
ing the current ATA guidelines, which employ routine diagnostic
ultrasound and ultrasound guidance for FNA (3) and which use
the Bethesda 2007 Thyroid Cytology Classification system (5).
According to the Bethesda classification scheme, the six cyto-
logical categories for thyroid FNA results are defined as: FLUS,
FN, SUSP, malignant, benign, and nondiagnostic. In both arms
of our model, the endpoints of care were either a benign FNA
result or definitive thyroid surgery.

In the decision tree, patients were separated into two groups.
The first group was assigned to the standard of care (StC) arm,
and treatment was based solely on FNA results. Patients with one
nondiagnostic or FLUS FNA result received a repeat FNA and
proceeded to surgery if the second biopsy was again nondiag-
nostic or FLUS (5, 14, 15). Patients with a FN, SUSP, or malig-
nant FNA result proceeded to initial thyroid lobectomy or total
thyroidectomy (TT) (3). Neither routine frozen section during
lobectomy nor central lymphadenectomy during TT were in-
cluded in the model, because these adjuncts represent ongoing
areas of controversy. The second group [molecular testing (MR)
group] additionally had mutation marker panel testing of all
FNA results that were in the FLUS and FN categories. We did not
include molecular testing for benign FNA results as cytology
alone is 98–99% accurate, and further immediate evaluation is
not recommended (3). Similarly, molecular testing for the non-
diagnostic category is not included because such samples are
often inadequate for further analysis (10). We also did not in-
clude routine molecular testing for FNA in the SUSP or malignant
categories because according to the ATA guidelines, these results
should lead to definitive initial TT, and molecular testing would
therefore not alter the initial extent of thyroidectomy (3).

Because of available cost, sensitivity, and specificity data, the
molecular marker panel for the model was composed of testing
for BRAF V600E and K601E, NRAS codon 61, HRAS codon 61,
and KRAS codon12 and13 point mutations, and RET/PTC1,
RET/PTC3, and PAX8/PPAR� rearrangements (8–10). In the
model, patients in the MT group with positive molecular testing
for any marker proceeded directly to TT, whereas patients with
negative testing had repeat FNA, lobectomy, or TT according to
the ATA guidelines (3).

Estimates of the prevalence, sensitivity, and specificity values
used in analysis were based on a comprehensive Medline liter-
ature search and were limited to those studies that used the
Bethesda 2007 Thyroid Cytology Classification system (Table 1)
(8–10, 15–24). A true positive was defined as a nodule that was
classified in the respective cytology category (nondiagnostic,
FLUS, FN, or SUSP/malignant), and malignancy was diagnosed
on histology. A true negative had both a benign cytology result
and benign histology. A false positive was defined as a nodule
classified in the specified FNA cytology category but was benign
on histology. A false negative was defined as a nodule with be-
nign cytology, but had malignant histology. In the nondiagnostic
category, the sensitivity and specificity of FNA for thyroid cancer
based on literature review were taken as 50 and 84%, respec-
tively; in the FLUS category, the values were 73 and 50%; in the
FN category, the values were 84 and 60%; and in the SUSP/
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malignant category, the respective sensitivity and specificity val-
ues were 97 and 89%. The sensitivity and specificity of molecular
marker testing to diagnose thyroid cancer in FNA results from
the FLUS and FN categories were 63 and 98%, respectively
(8–10).

Estimates of inpatient hospital costs were obtained from the
Healthcare Costs and Utilization Project (25). After literature
review, we adjusted hospital costs to include outpatient or same-
day discharge for 20% of thyroidectomies with an associated
30% reduction in hospital costs (26–28). Cost estimates for phy-
sician fees were based on median 2010 Medicare reimbursement
rates for the corresponding common procedural terminology
code for each type of thyroid operation (29). Costs of treatment
included anesthesia, hospital, surgeon fees, and management of
complications inclusive of the costs of daily medications, fol-
low-up visits, and annual laboratory studies (Table 2). Costs
related to prolonged hospitalization or readmission due to sur-
gical complications or medical comorbidities were not included.
Costs that were common to the two treatment strategies or costs
from outside the healthcare system including lost workplace pro-
ductivity were not included in the analysis. The cost estimate for
the molecular marker panel was $650 and was obtained from
current institutional Molecular Anatomic Pathology laboratory
cost estimation and reimbursement data.

Sensitivity analyses were also performed to assess effects on
the model conclusions after varying the values assigned to prev-
alence of malignancy, FNA sensitivity and specificity, molecular
testing sensitivity and specificity, likelihood of initial thyroid
lobectomy, and cost estimates for FNA biopsy and molecular
testing. The base-case variables were varied according to the
ranges identified during the literature review or if this was not
available, the inputs were varied by a �50% magnitude from the
base-case variable (Table 1).

Results

In the base-case analysis, the average per-patient cost of
StC for evaluation and treatment of a thyroid nodule was
$578, which includes all testing and procedure-related
costs. Use of molecular testing increased the average per-
patient cost of nodule evaluation by $104, i.e. to $682. In
the model, fewer thyroid lobectomies were performed in
the MT arm (StC 11.6% vs. MT 9.7%). The added cost
in the MT arm associated with each avoided lobectomy
was $5679, which was lower than the total cost in the StC

FIG. 1. Decision-tree structure for the clinical course of patients referred with a thyroid nodule. HCN, Hürthle cell neoplasm; Lobe, lobectomy; ND,
nondiagnostic; Susp, suspicious.
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arm of performing diagnostic lobectomy including hospi-
tal and physician fees and complication costs ($7684).
Conversely, initial TT was more often indicated in the MT
pathway than the StC group (18.2 vs. 16.1%). The added
cost that molecular testing incurred for each additional TT
performed was $5031. Even with the added cost of mo-
lecular testing, the total cost of each additional TT

($16,414) was less than the cost in the StC pathway for
performing a lobectomy plus completion thyroidectomy
when indicated by final histological results ($19,638).
Thus, use of molecular testing produced a distributed cost
savings.

Relative to StC, diagnostic sensitivity in the MT arm
increased from 97.7 to 98.2% at a cost of $22,720 for each
additional true positive (i.e. each additional thyroid can-
cer) detected. Use of molecular testing also improved the
diagnostic specificity of FNA from 76.6 to 77.5% at a cost
of $11,278 for each additional true negative (i.e. each ad-
ditional benign nodule) detected. Given an estimated can-
cer prevalence of 5%, if a hypothetical population of
10,000 patients were diagnosed via StC procedures and
compared with 10,000 diagnosed via the MT algorithm,
the number of true-positive cases would increase slightly
from 489 in the StC arm to 491 in the MT arm, and the
number of false-positive cases would decrease from 2246
(StC) to 2139 (MT).

Univariate sensitivity analysis was performed by vary-
ing key model parameters to verify the robustness of model

TABLE 1. Base-case clinical and test probability estimates

Probability �mean (range)� Refs.
Initial FNA result

Benign 0.65 (0.60–0.70) 15–20
Nondiagnostic 0.10 (0.02–0.20)
FLUS 0.045 (0.03–0.06)
FN 0.09 (0.06–0.12)
SUSP/malignant 0.115 (0.07–0.16)

Repeat FNA result after initial nondiagnostic biopsy 18–20
Benign 0.50 (0.42–0.57)
Nondiagnostic 0.33 (0.17–0.48)
FLUS 0.04 (0.02–0.05)
FN 0.07a (0.05–0.085)
SUSP/malignant 0.06 (0.035–0.085)

Repeat FNA result after initial FLUS biopsy 15, 20
Benign 0.52 (0.49–0.54)
Nondiagnostic 0.03a (0.00–0.07)
FLUS 0.25 (0.19–0.31)
FN 0.12 (0.06–0.17)
SUSP/malignant 0.08a (0.02–0.15)

Probability of positive molecular marker result
FLUS 0.10 (0.10–0.14) 8–10
FN 0.20 (0.18–0.39)

Sensitivity/specificity of FNA results to predict thyroid cancer (range)b 9, 15, 17
Inadequate 0.5 (0.25–0.75)b/0.84 (0.81–0.85)
FLUS 0.68 (0.38–0.81)/0.5 (0.28–0.84)
FN 0.81 (0.71–0.86)/0.6 (0.52–0.79)
SUSP/malignant 0.96 (0.84–0.98)/0.89 (0.78–0.95)

Sensitivity/specificity of molecular markers to predict thyroid cancer 0.63 (0.59–0.86)/0.98 (0.97–1.0) 8–10
Probability of initial lobectomy if surgery indicated 0.76 (0–100)b 22
Complication rates after lobectomy/total 22–24, 37

Hematoma 0.004/0.016
Recurrent laryngeal nerve injury 0.006/0.013
Hypoparathyroidism 0.0007/0.022
Hypothyroidism 0.21/1.0

a Mean changed � 0.03 while keeping the value within the reported range to maintain the sum probability of the parameter set equal to 1.0.
b Range of values used for sensitivity analysis.

TABLE 2. Cost estimates (25, 29, 37)

Cost ($)
FNA biopsy 505.16
Molecular marker panel 650.00
Lobectomy (mean hospital cost/SE) 6549.00/237.00
Lobectomy (physician fee) 751.84
TT (mean hospital cost/SE) 7907.00/312.00
TT (physician fee) 953.53
Hypocalcemia per year 101.26
Medialization laryngoplasty 4511.80
Hematoma 5754.24
Hypothyroidism per year 110.83
Completion thyroidectomy

(physician fee)
1075.95
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conclusion with respect to costs associated with lobecto-
mies avoided. The cost of performing a lobectomy ($7684)
was set as the willingness-to-pay threshold. No changes to
the model conclusion was seen after varying the clinical
probabilities within the ranges shown in Table 1, by
changing the prevalence of cancer from 0–10%, or by
varying the cost of FNA from 50 to 150% of base-case
values (Table 2). The model conclusion also remained the
same after two-way sensitivity analysis allowing FNA and
molecular testing sensitivity estimates to be varied simul-
taneously with specificity estimates and within the ranges
shown in Table 1. With molecular testing, the cost of
avoiding lobectomy exceeded the actual cost of the pro-
cedure if the cost of the marker panel was more than $870
(Fig. 2). The probability of undergoing an initial lobec-
tomy was varied in a one-way sensitivity analysis from
0–100%, and as long as the probability was greater than
57%, the cumulative diagnostic costs associated with each
avoided lobectomy was less than the cost of the surgery.

The threshold at which the cumulative diagnostic costs
associated with each additional TT performed in the MT
pathway would exceed the total costs of a two-stage thy-
roidectomy ($19,638) was $7800, and this threshold was
used in sensitivity analysis to verify the model conclusion
with respect to costs associated with each additional TT.
Again, no change in the conclusion was seen after one-way
sensitivity analysis varying the key parameters including
clinical probabilities, cancer prevalence, and FNA cost.
There was also no change in the model conclusion after
two-way sensitivity analysis that varied the FNA and mo-
lecular testing sensitivity and specificity estimates within
the ranges shown in Table 1. The cost of each additional
TT in the MT arm exceeded the $7800 willingness-to-pay
threshold if the cost of the marker panel was over $1000

(Fig. 3). As long as the likelihood of an initial lobectomy
remained above 46%, the cost associated with each ad-
ditional initial TT remained less than the willingness-to-
pay threshold.

Discussion

Although FNA is a well-validated and sensitive diagnostic
test, 20–30% of results fall into an indeterminate cate-
gory, which leads to diagnostic thyroid surgery. Unfortu-
nately, many diagnostic lobectomies are required for what
is determined to be benign disease, whereas for other pa-
tients, a second definitive surgery is needed when thyroid
cancer is diagnosed after lobectomy. As we and others
have previously shown, improved preoperative risk strat-
ification has been achieved by use of molecular markers
identified to be commonly associated with thyroid cancer
(7–11); by using a variety of testing techniques and mark-
ers, we now know that preoperative detection of an asso-
ciated genetic alteration is 85–99% predictive of thyroid
cancer. However, with the implementation of any new and
potentially costly testing, analysis to determine compar-
ative efficacy is important to demonstrate.

Our study found that although the use of the described
molecular panel added a distributed cost of $104 per pa-
tient, use of the molecular marker panel resulted in an
approximately 20% reduction in diagnostic lobectomy
use (MT 9.7 vs. 11.6%) and a corresponding increase in
initial TT use (MT 18.2 vs. 16.1%). Furthermore, im-
provements in diagnostic sensitivity and specificity were
also observed with use of molecular testing hypothetically
resulting in an increase in the number of true-positive cases
(two of 10,000) and a decrease in the number of false
positives (107 of 10,000). We believe that the observed
sensitivity and specificity changes were small precisely
because the model used the current standards of care under

FIG. 3. One-way sensitivity analysis showing that the cost of the
marker panel must be greater than $1000 before the total diagnostic
costs associated with each additional TT in the MT pathway increases
beyond the willingness-to-pay threshold ($7800).

FIG. 2. One-way sensitivity analysis showing that the cost of the
marker panel must be greater than $870 before the total diagnostic
costs associated with each avoided lobectomy increases above the
willingness-to-pay threshold ($7684).
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the ATA guidelines, instead of using a potentially
amended care algorithm. In our current clinical practice,
patients with FLUS and FN still undergo diagnostic sur-
gery even with negative molecular testing results (10). In
short, this hypothetical model demonstrates that the di-
agnosis of thyroid cancer in patients with FLUS and FN
results is facilitated by molecular testing, with cost savings
in part due to small improvements in test performance but
predominantly due to reduction in the number of unnec-
essary operations.

Sensitivity analysis also predicted that the cost savings
is seen only because of a low set cost for performing the
molecular marker panel. In 2007, this cost was determined
to be $650 at our facility (10) based on the reagents and
personnel costs of our clinical molecular laboratory and
the patterns of reimbursement in our region. Although the
cost of molecular testing may fluctuate at different insti-
tutions and various commercial testing facilities, we have
observed that it represents a reasonable and economically
sustainable cost for an established laboratory. Impor-
tantly, analysis also indicates that if the cost of molecular
testing were to increase to more than $870, the associated
savings would no longer be observed in this model. Al-
though limiting the molecular testing to only one or two of
the genetic alterations would reduce cost, there would also
be an associated decrease in the diagnostic sensitivity and
specificity (10).

Our model was based on certain assumptions because
we were interested in capturing the cost savings associated
with using molecular testing during the initial diagnostic
testing of a thyroid nodule. We set the endpoints of both
the StC and MT diagnostic algorithms to be identical,
including either the diagnosis of a benign nodule by FNA
or pathology or the diagnosis of thyroid cancer after his-
tological evaluation. Therefore, costs of long-term non-
operative follow-up or of thyroid cancer treatment such as
radioactive iodine ablation should be equivalent in both
algorithms and were not included in analysis. Similarly,
the addition of molecular testing to current standard care
nodule evaluation should not result in a significant de-
crease to the long-term quality of life in the decision-tree
model that we used, because the diagnostic outcome is
identical inboth theStCandMTalgorithms. Inat leastone
respect, our model was designed to favor the null hypoth-
esis (to favor no cost benefit for MT testing); e.g. one of the
factors that could potentially diminish the benefits asso-
ciated with MT is if the complication rate for initial TT is
significantly higher than the complication rate for two-
stage thyroidectomy. Although there is a decreased quality
of life associated with permanent vocal cord paralysis and
permanent hypoparathyroidism, these risks occur less fre-
quently at high volume centers (30) and, moreover, are

usually reported to be higher (not lower) with two-stage
reoperative thyroidectomy than with initial TT; however,
the model set these risks as equal. The impact on long-term
quality of life is unclear, because quality of life estimates
have been shown to be equivalent in patients who receive
lobectomy compared with TT (31–33).

A potential limitation of the model is the assumption
that indeterminate FNA results with negative molecular
testing have the same risk of malignancy as without mo-
lecular testing. Studies have suggested that molecular
marker-negative FNA results may actually have a lower
risk of malignancy. In Ohori et al. (34), which evaluated
the utility of molecular marker testing for a small series of
FLUS results, the overall probability of cancer was 17%,
but molecular marker testing was able to further risk strat-
ify the FLUS category: all (100%) molecular marker-pos-
itive FNA were cancer, whereas only 8% of molecular
marker-negative FNA were cancer, and in our recent large
prospective series, the cancer risk was 5.9% in this group
(10).However, the riskofmalignancy is certainlynot elim-
inated by molecular marker-negative FNA results, and to
date, diagnostic surgery is still standard care in this setting.
As we better understand the correlation between genotype
and thyroid cancer phenotype, we may yet be able to iden-
tify a subset of nodules with low-risk cytology and nega-
tive molecular marker results that could potentially be
followed with close interval imaging surveillance instead
of requiring surgical treatment, possibly further reducing
costs while augmenting the diagnostic utility of molecular
marker testing. We strongly support further study to clar-
ify the natural history of nodules with negative molecular
testing and indeterminate cytology results before surgical
treatment may be routinely deferred.

Another limitation is the model assumption that a sol-
itary 1-cm or larger dominant nodule is identified at pa-
tient presentation. Multinodular disease is a common clin-
ical scenario, and we did not include this consideration in
themodelbecause theprevalencevaluesof sucha scenario,
its cancer risk, and its management practice are less
straightforward (3). Therefore, the costs and clinical im-
plications of molecular testing for patients with multiple
thyroid nodules are not yet known.

The conclusion that molecular testing of FNA results
can be cost saving was also very recently described by Li
et al. (35) in a hypothetical analysis that used an alternate
molecular technique to classify indeterminate FNA results
based on the expression profile of 142 genes. In diagnosing
thyroid cancer, the sensitivity and specificity of their test-
ing technique applied to indeterminate FNA findings (in-
clusive of results in the FLUS, FN, and SUSP categories)
was 91 and 75%, respectively. Several other model design
features differed importantly from ours, including the
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nonstandard use of nonoperative management for nod-
ules with indeterminate FNA results and employment of
higher cost figures for surgery because no adjustment for
outpatient thyroid procedures was incorporated that
would favor a perceived cost benefit. Furthermore, with a
truncated follow-up of 5 yr, the natural history of a
Hürthle cell neoplasm, for example, that is not surgically
excised will likely not be apparent. The cumulative effects
and costs of ongoing surveillance, which is a more likely
clinical scenario in this setting, may well exceed any initial
cost benefit of nonoperative management. Appropriate
risk stratification of thyroid nodules with indeterminate
FNA results remains an important area of study, but until
longitudinal studies support the theory that molecular-
negative nodules with indeterminate FNA results carry an
acceptably low risk of malignancy and malignant trans-
formation, surgery currently remains the standard of care.

Although one documented benefit of routine molecular
testing for thyroid nodules is certainly to improve the di-
agnostic sensitivity of FNA, molecular results have prog-
nostic implications as well, which over time are being bet-
ter defined. BRAF V600E, for example, has been shown in
a number of studies to be associated with papillary thyroid
cancer with aggressive characteristics such as extrathyroi-
dal extension, lymph node metastasis, and higher risk of
locoregional recurrence (36). Whether extensive initial
surgery or adjuvant treatment will improve outcomes for
patients with BRAF V600E positive thyroid cancer re-
mains to be seen. Because the data are somewhat contro-
versial, we did not design our model to consider the prog-
nostic significance of molecular results, although we
anticipate that as investigators obtain more information
there will be important clinical implications allowing fu-
ture changes to both tailor thyroid cancer management
algorithms and improve use of healthcare resources.

In summary, using the standard treatment algorithms
currently recommended by the ATA and a long-term de-
cision-tree analysis ending in definitive care, we demon-
strate a distributed cost savings with molecular testing of
FNA results in two indeterminate cytological categories:
FLUS and FN. Cost saving was due both to better preop-
erative stratification of thyroid nodule malignancy risk
and to improved ability to guide initial definitive thyroid-
ectomy. In this era of rising healthcare costs and increasing
thyroid nodule detection, appropriate and efficacious use
of modern molecular testing techniques can facilitate per-
sonalized medical care to optimize clinical outcomes and
management algorithms.
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