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Summary

Context Molecular testing on biopsies from thyroid nodules

with indeterminate cytology can improve patient management

by preventing unnecessary surgeries on benign nodules.

Objective The aim of the study was to determine the health

outcome benefits and cost-effectiveness of molecular testing in

nodules with AUS/FLUS or FN/SFN cytology.

Design The initial diagnosis and treatment of a hypothetical

cohort of adult U.S. patients with solitary thyroid nodules

≥1 cm was simulated by decision analytic modelling using Medi-

care cost estimates for three management strategies, standard of

care without molecular testing (StC), gene expression classifier

(GEC) and mutation and miRNA testing (MMT).

Results Gene expression classifier decreased the rate of unnec-

essary surgeries by 32% relative to StC, yielding incremental

costs of $1008 per patient or $5070 per unnecessary surgery

avoided. MMT decreased the surgery rate by 67%, yielding

incremental savings of �$1384 per patient or �$3170 per

unnecessary surgery avoided. Results remained robust in deter-

ministic sensitivity analyses; MMT was dominant for every vari-

able tested. Independent of cancer prevalence, MMT yielded

52% fewer unnecessary surgeries relative to GEC, 70% fewer

two-stage thyroidectomies and correctly identified 70% more

benign nodules. Test specificity had to be >68% for molecular

testing to be cost-effective and decrease by >50% the rate of

unnecessary surgeries performed on benign nodules.

Conclusions Molecular testing with high benign diagnostic

yield can generate both positive health outcomes (less surgeries)

and positive economic outputs (cost savings). These results are

consistent with previously reported cost-utility data and provide

valuable insights for informed decision-making by patients,

physicians and payers.
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finally revised 27 April 2016; accepted 5 May 2016)

Introduction

Ultrasound imaging followed by cytopathology evaluation of

fine-needle aspiration (FNA) biopsies is currently the gold stan-

dard for the diagnostic management of adult patients with thy-

roid nodules.1 The procedure is extremely efficient with a

residual risk of cancer <5% after benign diagnosis and >98%
after malignant diagnosis.2,3 This performance facilitates optimal

preoperative patient management by avoiding unnecessary diag-

nostic lobectomy (DxL) on benign nodules and determining the

extent of initial thyroidectomy on malignant nodules. However,

cytology has a relatively low diagnostic yield; only a fraction of

benign and malignant nodules are identified, leaving up to 35%

of aspirates without a definitive diagnosis.2,3 Several molecular

testing strategies have been developed to complement cytology

and improve the risk-based stratification of indeterminate nod-

ules. The diagnostic utility and objective of these tests remain

the same as for cytology, to decrease the number of unnecessary

DxL on benign nodules and avoid completion thyroidectomies

(CT) on malignant nodules by identifying the right candidates

for initial total thyroidectomy (TT).4 These clinical needs are

particularly relevant for two indeterminate categories, atypia of

undetermined significance/follicular lesion of undetermined sig-

nificance (AUS/FLUS, Bethesda category III) and follicular neo-

plasm/suspicious for a follicular neoplasm (FN/SFN, Bethesda

category IV), where highly variable residual risks of cancer have

to be balanced against the risk of surgical complications and

adverse events.1,4

Several mathematical modelling studies have been conducted

to inform healthcare decision makers on the clinical and eco-

nomic impact of this novel diagnostic modality. Yip et al.5

showed that routine testing for somatic gene mutations associ-

ated with thyroid cancer was cost-effective. Savings were

achieved mainly by reducing the number of two-stage thyroidec-

tomies on malignant nodules. Li et al.6 also reported very

favourable results for the Afirma gene expression classifier (GEC;

Veracyte Inc., South San Francisco, CA, USA), a test designed to

identify benign nodules and to reduce the number of unneces-

sary DxL. The study was based on a very a favourable estimate

of test specificity (75%) obtained with a classifier distinct from

the commercial test. To date, the actual cost-effectiveness of the

GEC for the initial diagnosis of indeterminate nodules remains

unknown.4 In an independent study, Lee et al.7 showed that the
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standard of care without molecular testing (StC) was less costly

than GEC for a subset of patients with two consecutive AUS/

FLUS cytology results. The model also predicted that a strategy

combining routine GEC followed by selective mutation testing

would be more cost-effective than GEC alone. This conclusion

was based on the assumption that the performance of mutation

testing in GEC-positive cases is the same as in the overall test

population, which remains to be demonstrated. To date, no

comprehensive clinical study has been performed to assess the

performance of the GEC combined with mutation testing.

More recently, the Afirma BRAF test was developed to com-

plement GEC testing.8 This reflex test consists of a surrogate

BRAF pV600E gene expression signature designed to identify a

subset of malignant cases among nodules with ‘suspicious’ GEC

results. In parallel, the ThyraMIR Thyroid miRNA Classifier

(Interpace Diagnostics Group Inc., Parsippany, NY, USA) was

developed and optimized to complement testing for somatic

gene mutations.9,10 A straightforward effectiveness analysis fur-

ther suggested that this strategy could decrease the rate of

unnecessary surgeries performed on benign nodules by approxi-

mately 70% relative to GEC alone.9 The present health eco-

nomics study was therefore undertaken to ascertain for the first

time the cost-effectiveness of combination testing for the initial

diagnosis of thyroid nodules with AUS/FLUS or FN/SFN cytol-

ogy in the U.S. Two molecular strategies, GEC combined with

Afirma BRAF (collectively referred to as GEC) and mutation

testing combined with miRNA testing (MMT), were compared

against the current StC. The goals were to predict the impact of

molecular testing on healthcare cost and health outcomes and to

better understand how underlying clinical parameters and test

performance characteristics may contribute to utility and cost-

effectiveness.

Materials and methods

Decision model

A decision model was constructed following current best prac-

tices11 to estimate the annual cost of initial diagnosis and treat-

ment of an hypothetical cohort of adult patients with solitary

thyroid nodules ≥1 cm in size and indeterminate cytology of

AUS/FLUS or FN/SFN. The model was built from a U.S. payer

perspective (Medicare) and accounted for all diagnostic, follow-

up and surgical costs for up to 1 year after initial diagnosis,

including sequelae and adverse events associated with surgery.

The cohort was based on a U.S. population of 320 million with

a thyroid nodule incidence of 0�1% and a rate of AUS/FLUS

and FN/SFN cytology of 20% with 25% thyroid cancer preva-

lence.2,3,12–14 Only patients with nodules that needed additional

diagnostic evaluation after the initial FNA were modelled. Low-

risk patients and patients with high clinical suspicion of malig-

nancy based on individual clinical presentations were assumed

to proceed directly to follow-up or surgery.

The model compared three mutually exclusive strategies

(Fig. 1) using a set of probability parameters obtained from sys-

tematic review of the literature (Table S1). In the StC arm,

patients were managed without molecular testing according to

the 2015 American Thyroid Association (ATA) guidelines.1 A

fraction of patients with AUS/FLUS cytology received a repeat

ultrasound-guided FNA and proceeded to DxL, TT or clinical

follow-up according to cytological results while all other patients

received a DxL.15–19 In the molecular arms, all patients were

tested with GEC or MMT and patients with non-diagnostic

results (insufficient sample amount or test failure) were assumed

to proceed to DxL.4,8–10,20,21 In the GEC arm, all patients with

GEC-positive (suspicious) results also received the Afirma BRAF

test at no additional cost. All Afirma BRAF-positive patients

proceeded to TT and all other patients with suspicious results

proceeded to DxL. In the MMT arm, patients were tested for

mutations in the BRAF, HRAS, KRAS and NRAS genes and for

the PAX8-PPARG, RET-PTC1 and RET-PTC3 fusion transcripts.

All patients with negative mutation results received the Thyra-

MIR Thyroid miRNA Classifier at additional cost and patients

with positive results (mutation or miRNA) proceeded to TT.

For both molecular arms, patients with negative (benign) results

were sent to clinical follow-up. For all strategies, histopathology

review after DxL was assumed 100% accurate and all patients

with a malignant diagnosis received a CT. Adverse events associ-

ated with lobectomy or thyroidectomy were captured in the

model and included surgical complications, laryngeal nerve

injury (temporary and permanent), hypoparathyroidism and

hypothyroidism.22–29

Cost-effectiveness analysis

Cost estimates in U.S. dollar were obtained from the Centers for

Medicare & Medicaid Services, the Agency of Healthcare

Research and Quality and from Lubitz et al. (Table S2).22,30,31

The consequences of the distinct strategies evaluated in the

model were compared using the number of unnecessary surg-

eries avoided as quantifiable health outcome benefit (unit of

effectiveness). Base case costs and effectiveness measures were

combined into a single summary measure (incremental cost-

effectiveness ratio or ICER) defined as the difference in total cost

between two mutually exclusive strategies divided by the differ-

ence in the number of unnecessary surgeries performed relative

to StC ($/unnecessary surgery avoided). Results for which incre-

mental costs were negative (cost saving) and health conse-

quences positive (less unnecessary surgeries performed) were

qualitatively referred to as ‘dominant’.

Sensitivity analysis

Univariate sensitivity analyses were performed by testing a rea-

sonable range of estimates for every parameter and cost in the

model (Tables S1 and S2). Minimum and maximum values were

based on ranges obtained from the literature, the Centers for

Medicare & Medicaid Services and the Agency of Healthcare

Research and Quality. The effect of every variable was tested on

ICER, total cost per patient, rates of surgery, two-stage thy-

roidectomy, unnecessary surgery, or unnecessary adverse events,

number of molecular test needed to avoid one surgery and

© 2016 John Wiley & Sons Ltd

Clinical Endocrinology (2016), 85, 624–631

Molecular diagnosis of thyroid nodules 625



number of molecular test needed to correctly identify one

benign nodule. These metrics are independent of the number of

patients included in the model and are insensitive to variables

that affect cohort size such as thyroid nodule incidence or rate

of nodules with AUS/FLUS or FN/SFN cytology.

Results

In the base case analysis, the cost of initial diagnosis and treatment

of an AUS/FLUS or FN/SFN nodule was $11 149 per patient in

the absence of molecular testing (StC, Table 1). Approximately

half of the cost ($5784 or 52%) resulted from unnecessary surgical

procedures and associated adverse events. Use of the GEC

decreased the rate of surgery from 88% to 66% of the population

tested, the rate of unnecessary surgery from 63% to 43% and the

rate of unnecessary adverse events from 7�6% to 5�1% (Fig. 2, left

panel). With the added cost of molecular testing, the total cost per

patient increased by $1008 to $12 157, corresponding to an incre-

mental cost per unnecessary surgery avoided of $5070 (ICER,

Table 1). Use of the MMT further decreased the rate of unneces-

sary surgery to 20% of the population tested and decreased the

rate of two-stage thyroidectomy (DxL followed by CT) from 23%

to 6�7%. The total cost per patient decreased to $9765, mainly

because of a major reduction in surgery costs relative to StC

($4904 per patient or 51%). Use of the MMT yielded cost savings

of �$1384 per patient and �$3170 per unnecessary surgery

avoided relative to StC. The MMT was also dominant relative to

GEC with an incremental cost saving of �$5652 per unnecessary

surgery avoided. Independent of cost, the GEC prevented one sur-

gery for every 4�6 test performed and correctly identified one

benign nodule for every 3�1 test performed (Fig. 2, right panel).

The MMT achieved the same health outcome benefits for every

1�6 and 1�8 test performed, respectively.

In univariate sensitivity analyses, the cost of molecular testing

and the cost of surgical procedures were major contributors to

variation in the base case ICER results (Fig. 3). The GEC strat-

egy was mainly sensitive to GEC cost, test specificity, DxL cost

and two probability parameters associated with patient manage-

ment (top panel). Across all variables, use of the GEC decreased

the rate of unnecessary surgery by 24–39% relative to StC with

an incremental cost of $987 to $13 120 per unnecessary surgery

avoided. The MMT strategy was mainly sensitive to the costs of

DxL and ThyraMIR (middle panel) and decreased the rate

of surgery by 58–77% relative to StC with an incremental cost

of �$9731 to +$132 per unnecessary surgery avoided. The MMT

was dominant for all ranges of variable tested with an incremen-

tal cost saving of �$10 205 to �$2249 relative to GEC (bottom

panel).

Fig. 1 Decision analytics model for the

management of patients with AUS/FLUS or FN/

SFN thyroid nodules using three mutually exclusive

diagnostic strategies. Ovals represent health states,

circles represent molecular tests, boxes represent

procedures and diamonds represents decision

nodes. MMT, mutation and miRNA testing; Dx,

diagnostic; US FNA, ultrasound-guided fine-needle

aspiration; SM, suspicious for malignancy; GEC,

gene expression classifier.

Table 1. Summary of cost distribution and cost-effectiveness results

StC GEC MMT

Cost [$/patient evaluated] (% of total)

Total cost $11 149 $12 157 $9765

Repeat FNA $116 (1�0%) – –
Molecular testing – $3200 (26%) $3980 (41%)

Clinical follow-up $338 (3�0%) $348 (2�9%) $317 (3�2%)

Surgeries $9570 (86%) $7705 (63%) $4666 (48%)

Adverse events $1126 (10%) $904 (7�4%) $802 (8�2%)

Unnecessary cost* $5784 (52%) $3941 (32%) $2169 (22%)

ICER [$/unnecessary surgery avoided]

Molecular vs StC – $5070 �$3271

MMT vs GEC – – �$5652

StC, standard of care; GEC, gene expression classifier; MMT, mutation

and miRNA test; ICER, incremental cost-effectiveness ratio.

*Includes cost from unnecessary surgeries and adverse events.
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Cost-utility in the model was also affected by the prevalence

of thyroid cancer in the population tested (Fig. 3). Further anal-

yses showed that for both molecular strategies, the total cost per

patient and the rates of surgery and two-stage thyroidectomy

decreased with cancer prevalence (Fig. 4). Conversely, the rate of

unnecessary surgery performed on benign nodules and the asso-

ciated costs increased. At any cancer prevalence, the MMT cor-

rectly ruled out 1�70-fold (70%) more benign nodules relative to

GEC and yielded 2�10-fold (52%) fewer unnecessary surgeries.

These metrics were directly proportional to the specificity of

molecular testing (Fig. 5). Independent of other test characteris-

tics and for both molecular strategies, incremental improvement

in test specificity from 50% to 100% decreased the rate of

unnecessary surgery from 43% to 11% of the population tested.

The optimal test performance corresponded to an 83% decrease

in unnecessary surgeries relative to StC with one benign nodule

correctly identified for every 1�6 test performed.

Discussion

The objective of the study was to compare three mutually exclu-

sive clinical management strategies for patients with AUS/FLUS

or FN/SFN thyroid nodules. With an estimated population of

57 600 new cases per year, the base case model predicted that

the total cost for current practice without molecular testing

would be $642 million. With molecular testing, the total annual

cost would increase to $700 million for GEC (+9�0%) and

decrease to $562 million for MMT (�12%). The relative differ-

ence between the two molecular strategies ($138 million or

$2392 per patient) would mainly stem from variations in the

number of unnecessary primary surgeries performed on benign

nodules, from 36 180 surgeries for StC to 24 732 for GEC and

11 804 for MMT. These results highlight specific model parame-

ters that are critical for effective patient management and pro-

vide valuable information for the routine implementation of

molecular testing in clinical practice.

In cost-utility studies, health effects are usually measured

using quantifiable outcomes that are paramount to the pro-

gram’s purpose, such as number of lives saved, life-years gained

Fig. 2 Summary of health outcome results. The left graph shows the rates of patients with any surgery, with unnecessary surgery on benign nodules,

with two-stage thyroidectomy on malignant nodules (diagnostic lobectomy followed by completion thyroidectomy) or with adverse events resulting

from unnecessary surgical procedures. The right graph shows the number of molecular test that have to be performed to avoid one surgery or to

correctly identify one benign nodule relative to the standard of care without molecular testing. StC, standard ofcare; GEC, gene expression classifier;

MMT, mutation and miRNA testing.

Fig. 3 Summary of univariate sensitivity analyses. The tornado plots

show how variation of individual model parameters or costs affected the

ICER results (horizontal bars). The range of variable tested is included

on each side of the histogram. Negative ICER values indicate cost saving

and variables yielding delta ICER >$5000 are labelled with an asterisk

(*). The vertical lines represent the base case ICER results. ICER,

incremental cost-effectiveness ratio; GEC, gene expression classifier; StC,

standard of care; DxL, diagnostic lobectomy; US FNA, ultrasound-

guided fine-needle aspiration; MMT, mutation and miRNA testing; TT,

total thyroidectomy; CT, completion thyroidectomy.
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or quality-adjusted life-years. For thyroid cancer, the 5-year sur-

vival rate after initial diagnosis is high, 99�9% for the majority

of patients with localized disease, and the risk of surgical com-

plications that can negatively affect quality of life is relatively

low.23–27,32 Two independent studies have previously demon-

strated minimal differences in quality-adjusted life-years across

multiple diagnostic modalities for indeterminate thyroid

nodules.6,7 In this present study, the number of surgery avoided

was used as unit of effectiveness. It represents a simple and

directly quantifiable measurement of one of the main objectives

for diagnostic evaluation of thyroid nodules, the minimization

of unnecessary surgeries. With an additional annual cost of

$58 million relative to StC and 11 448 fewer unnecessary surg-

eries (�32%), the GEC strategy yielded an incremental cost of

$5070 per unnecessary surgery avoided in the base case analysis.

With annual savings of $80 million relative to StC and 24 376

fewer unnecessary surgeries (�67%), the MMT strategy yielded

an incremental saving of �$3170 per unnecessary surgery

avoided.

Robustness analyses showed that cost-effectiveness in the model

was highly sensitive to surgery costs, with lower costs favouring

strategies that yielded more surgeries. For example, if the cost of

DxL, CT and TT could be significantly reduced by 50%, the total

cost of StC would decrease from $642 million to $366 million per

year. Molecular strategies would still prevent the same number of

unnecessary surgeries but would become more costly than the StC

($478 million for GEC, $428 million for MMT), with MMT

remaining dominant over GEC (saving of $2062 per unnecessary

surgery avoided). The cost of molecular testing also had a major

impact on ICER results. At $2200 per test or less, the GEC would

become dominant over StC (lower cost and 32% fewer surgeries,

ICER <0) and at $810 the GEC would become cost neutral with

MMT (same cost per patient). The other test variable that signifi-

cantly affected cost-utility was the specificity of the GEC. To be cost-

effective relative to the StC, test specificity would have to increase

from 50% to 67%. The MMT would remain dominant with savings

of $3287 per unnecessary surgery avoided relative to GEC.

The cost-effectiveness of gene expression testing in indetermi-

nate thyroid nodules has previously been investigated. In an

Fig. 4 Impact of thyroid cancer prevalence on cost and health outcome metrics. Each graph shows the results of sensitivity analyses for the indicated

metrics when the prevalence of thyroid cancer in the cohort of nodules with AUS/FLUS or FN/SFN cytology varied from 15% to 35%. Numbers in

bold indicate the fold difference between the two molecular testing strategies in the base case analysis (25% prevalence). Numbers between parentheses

indicate the range obtained if the fold difference was not constant across the range of prevalence tested. GEC, gene expression classifier; MMT,

mutation and miRNA testing.

Fig. 5 Impact of test specificity on the effectiveness of molecular testing.

The graph shows the results of sensitivity analyses for the indicated

metrics when the specificity of either molecular testing strategy varied

from 50% to 100%. The rate of unnecessary surgery on benign nodules,

the decrease in surgery relative to StC and the number of test needed to

rule out one benign nodule were directly proportional to (1-specificity),

specificity and (1/specificity), respectively. The vertical grey lines indicate

thresholds to obtain a decrease of at least 50% in the rate of unnecessary

surgery relative to StC (68% specificity) or to correctly identify one

benign nodule for every two tests performed or fewer (78% specificity).

StC, standard of care.
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industry-sponsored study, Li et al.6 reported that if the GEC was

universally employed in the U.S., 74% fewer surgeries would be

performed on patients with benign thyroid nodules. This out-

standing performance is actually consistent with the present

study results as Li et al. used different model parameters that

favoured molecular testing, in particular test specificity. When

imputing those parameters in the present model, the GEC strat-

egy would also yield 74% fewer unnecessary surgeries relative to

StC, suggesting that the two decision models are very similar.

When using a more accurate estimate of specificity (50% vs 75%

in Li et al.)6,20, the GEC would yield only 47% fewer surgeries.

In addition, the model from Li et al. did not factor in potential

test failures and assumed that up to 30% of patients with suspi-

cious GEC results would not receive a surgery. The present

model included a conservative estimate of test failure (5%) and

followed current ATA patient management recommendations,

that is, all patients with suspicious GEC results should be direc-

ted to surgery and a fraction of patients with benign results may

receive a DxL.4 With these more practical base case parameters,

the GEC yielded 32% fewer unnecessary surgeries relative to StC

with an incremental cost of $1008 per patient. The Afirma BRAF

reflex test had minimal effect on the model (�$127 per patient)

because it only changed the surgery costs from a two-stage thy-

roidectomy to an initial TT for the small fraction of patients

with both GEC-suspicious and BRAF-positive results.

In an independent study comparing distinct molecular testing

modalities, Lee et al. also previously demonstrated that the

GEC was the most costly diagnostic strategy.7 The reported

incremental cost was relatively modest ($201 per patient) but is

consistent with differences in study design and cohort. The pre-

sent decision model simulated a cohort of patients with AUS/

FLUS or FN/SFN cytology at initial diagnosis. Per current ATA

guidelines1, patients with a benign repeat FNA did not proceed

to surgery, which minimized the rate of unnecessary surgery in

the StC arm and optimized its cost-utility. In contrast, the

microsimulation model of Lee et al. was built to assess the

cost-effectiveness of molecular testing after two consecutive

AUS/FLUS FNA cytology results. Therefore, all patients in the

StC cohort were assumed to receive a DxL, which maximized

the rate of unnecessary surgery in the StC arm and favoured

the cost-utility of molecular testing. This effect is particularly

relevant at low cancer prevalence where a ‘surgery only’ strategy

for the StC would yield a very high rate of unnecessary surgery

on benign nodules [equal to (1-prevalence)].

Thyroid cancer prevalence is a critical model parameter

because variations across institutions and pathology practices

can affect the clinical performance of molecular testing.2–4 Both

studies by Li et al. and Lee et al. reported that the GEC cost-

effectiveness improved at lower cancer prevalence.6,7 This is

consistent with the present work showing that the total costs

and the number of patients receiving a surgery decreased with

prevalence for both molecular strategies. Sensitivity analyses

further showed that prevalence positively or negatively affected

every cost, health outcome or effectiveness metrics. Although

the GEC cost-effectiveness improved at low prevalence, the rate

of unnecessary surgery and the associated costs increased, and

were approximately 2-fold higher than for the MMT. Remark-

ably, the relative differences between the two molecular strate-

gies remained constant across the range of prevalence tested for

most metrics.

Broad uncertainty analyses demonstrated that the single test

characteristic driving major cost-utility differences across models

was test specificity (50% for GEC, 85% for MMT; P < 0�001 for

Fisher exact test). For either molecular strategy, the rate of

unnecessary surgery performed on benign nodules was directly

proportional to test specificity, with higher specificity resulting

in improved health outcome benefits. This observation is in

agreement with previous modelling work that demonstrated the

mathematical relationship between incremental test performance

and test specificity, independent of thyroid cancer prevalence.9

In this present study, similar equations could be derived to

arithmetically verify the accuracy of the model and predict

health effects according to test specificity (see Fig. 5 and legend).

From these analyses, one can further estimate that to decrease

by ≥50% the rate of unnecessary surgery relative to StC, the

specificity of any molecular test has to be ≥68%. Similar mini-

mum test performance requirements may be defined for other

health outcome or effectiveness metrics, for example, specificity

has to be ≥78% for a molecular test to correctly identify one

benign nodule every two tests performed or fewer.

As for any model-based evaluation, there remain some limi-

tations to this present study. The probability and cost inputs in

the decision model are dependent on the availability of relevant

data and on the accuracy and own limitations of the source

studies. No parameter was excluded from analysis based on

low level or lack of available information. Instead, a conserva-

tive approach was adopted by testing a broad range of values

reflecting the uncertainty in parameter estimation.11 With

rapidly evolving technologies and clinical management strate-

gies, specific parameter and cost estimates may have to be

updated or changed to keep the model current and relevant.

Several assumptions in the model also limited the generaliza-

tion of the results. First, the model was built to assess the cost

of diagnosis and treatment of indeterminate thyroid nodules

for up to 1 year after initial cytopathology evaluation. It cap-

tured only the direct medical costs and did not include the

cost of thyroid cancer surveillance or recurrence. Clinical fol-

low-up for nodules with benign repeat cytology or with nega-

tive molecular results was restricted to two visits with

ultrasound imaging over a 1-year period. Long-term conserva-

tive management of nodules with low risk of thyroid cancer

may entail additional costs such as repeat FNA cytology and/or

repeat molecular testing. Secondly, the simulated cohort con-

sisted exclusively of adult patients with solitary thyroid nodules

≥1 cm in size. The performance and cost-effectiveness of

molecular testing in the pediatric population or for multinodu-

lar disease remain to be determined. Lastly, the analysis was

performed from a U.S. healthcare system perspective using

Medicare cost estimates. Results may not be applicable to other

countries and to all clinical practices within the U.S. because of

potential local variations in patient management algorithms

and/or medical costs.
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Conclusions

The present health economics model confirmed that molecular

evaluation of thyroid nodules with indeterminate cytology gen-

erates positive health outcomes by reducing the rate of unneces-

sary surgery on benign nodules. Depending on its diagnostic

yield, molecular testing can lead to either an increase or a

decrease in total medical costs in the U.S. The model further

predicts that test specificity is a critical parameter for any molec-

ular test to be clinically and economically effective. This require-

ment is particularly important at low cancer prevalence where

most patients have benign nodules and where lower specificity

proportionally drives up the rate of unnecessary surgeries and

associated adverse events and costs. These results are in agree-

ment with previous studies and lay a framework for the defini-

tion of optimal test performance requirements and the

development of improved recommendations to inform clinical

decision-making.
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