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Background: Molecular tests (MT) using gene expression and/or mutational analysis have been developed
to reduce the need for diagnostic surgery for indeterminate (Bethesda III/IV) thyroid nodules. Prior cost-
effectiveness studies have shown mixed results but none has included the recent and more comprehen-
sive versions of the two commonly utilized MT. The aim of this study is to compare the cost-effectiveness of
diagnostic lobectomy (DL), the Afirma Gene Sequencing Classifier (GSC), and ThyroSeq version 3 (TSv3).
Methods: A decision tree from the payer perspective was created using a base case of a 40-year-old euthyroid
woman with a solitary 2 cm Bethesda III or IV thyroid nodule. In this model, all patients in the DL arm had
lobectomy, which was also performed for patients with positive MT, while those with negative MT underwent
20 years of surveillance. The outcome was a correct diagnosis, defined as malignant histology after DL or 20
years of nodule stability after negative MT. Costs were obtained from the Centers for Medicare & Medicaid
Services (CMS) data and existing literature, and probabilities were obtained from the literature. Sensitivity
analysis was performed for costs, pretest probability of malignancy, and performance parameters.
Results: The cost per correct diagnosis was $14,277 for TSv3, $17,873 for GSC, and $38,408 for DL. TSv3
was preferred over both GSC and DL. One-way sensitivity analysis between TSv3 and GSC demonstrated that
the results were robust to variations in cost, cancer prevalence, and length of surveillance. In the two-way
sensitivity analysis, TSv3 was preferred over GSC at all considered test costs, and in probabilistic sensitivity
analysis, TSv3 was the preferred management strategy in 68.5% of cases.
Conclusions: In hypothetical modeling to determine whether surgery versus MT is optimal for indeterminate
(Bethesda III/IV) nodules, either of the major MT was considerably more cost-effective than DL, although
TSv3 was more likely to be cost-effective than GSC. Use of either MT adjunct should be strongly considered in
the absence of other indications for thyroidectomy.
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Introduction

Before the development of molecular tests (MT),
thyroid nodules with fine needle aspiration biopsy

(FNAB) results classified in categories III or IV of the Be-
thesda System for Reporting Thyroid Cytopathology (1)
typically required additional evaluation, including diagnostic
surgery for definitive diagnosis (2,3), contributing signifi-
cantly to the increasing number of thyroidectomies that are
performed every year in the United States (4).

As knowledge has grown about the genetic mutations and
molecular alterations of thyroid cancer (5), MT have been

developed that reliably identify lesions at risk of malignancy
based on gene sequencing and mRNA expression analysis, and
are now used to obviate the need for diagnostic surgery.
However, in addition to concerns about MT effectiveness and
utility outside of the initial validation setting, the cost of such
testing is a relevant consideration, especially with the shifting
reimbursement structure in the United States (6).

Prior cost analyses of thyroid MT have yielded a variety of
results, with some tests demonstrating cost savings and im-
proved quality of life (7–11), while others have shown the
opposite (12–14). Factors that may contribute to poor MT
cost-effectiveness include test cost and test accuracy (12,13).
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The sensitivity and specificity of the two most commonly
used MT for thyroid nodules have recently improved. The
Afirma (Veracyte, Inc., South San Francisco, CA) Gene
Expression Classifier (GEC) has been expanded to the new
Gene Sequencing Classifier (GSC) and in a clinical validation
study, the sensitivity was 91% and specificity improved to
68% (15). ThyroSeq version 3 (TSv3; CBLPath, Rye Brook,
NY) now includes comprehensive gene expression and copy
number variation data for 112 thyroid cancer-related genes
(16), and in a recent multi-institutional clinical validation
study demonstrated a sensitivity and a specificity of 94% and
82%, respectively (17).

For cytologically indeterminate thyroid lesions, earlier
MT versions were reportedly cost effective in clinical man-
agement, using extant versions of the American Thyroid
Association (ATA) guidelines (7,8). However, no study has
compared the cost efficacy of diagnostic lobectomy (DL)
with the newest MT versions, included recommendations for
extent of thyroidectomy under the 2015 ATA guidelines, or
compared the two MT with each other and with DL. Our
study aim was to directly assess the cost-effectiveness of
these three management strategies (DL, GSC, TSv3) for
Bethesda III and IV thyroid nodules using the current clinical
management algorithms of the 2015 ATA guidelines (18) and
optimally matched management and diagnosis as the out-
come measure.

Materials and Methods

Decision model

A decision tree representing common management strat-
egies for a base case of a 40-year-old euthyroid woman with a
solitary 2 cm Bethesda III or IV (BIII/IV, i.e., cytologically
indeterminate) thyroid nodule was constructed in TreeAge
Pro 2018 (TreeAge Software, Inc., Williamstown, MA). The
hypothetical model compared DL, TSv3, and GSC (Fig. 1)
(15–19). Since no human research was being carried out, a
University of Pittsburgh IRB waiver was obtained.

Briefly, all patients in the DL arm had thyroid lobectomy.
In addition, thyroid lobectomy was performed for patients
with positive TSv3 or suspicious GSC results, or when MT
failed to produce an interpretable result. Negative GSC or

TSv3 results led to a cohort Markov model for surveillance
with a one-year cycle length for a base case time horizon of
20 years. During each annual surveillance cycle, patients had
a follow-up clinic visit and neck/thyroid ultrasound, at which
time they could remain well with a stable nodule, have thy-
roid cancer detected and undergo lobectomy, or die from
nonthyroid causes due to background mortality (Fig. 1 and
Table 1) (20).

The base case cancer prevalence for a BIII/IV nodule was
25% (5–50%) (18). The probability of thyroid cancer detec-
tion during surveillance was calculated based upon the
probability of false negative results for both tests in the lit-
erature, and divided over years of surveillance (15,17). As
there is currently no literature defining the adequate length of
follow-up after negative MT, based on expert opinion a sur-
veillance length of 20 years was used in the base case analysis.

Costs

Costs were considered from a U.S. payer perspective,
which includes costs incurred by third-party payers (21), for a
cost year of 2018. The initial costs incurred during nodule
evaluation (clinic visit, laboratory evaluation, ultrasound,
and biopsy, which resulted in a BIII/IV diagnosis) were not
included as all three strategies would have equivalent costs.

Each arm included specific costs related to the manage-
ment strategy and related surveillance. Costs in the DL arm
included the cost of lobectomy and the lifetime cost of
lobectomy-associated complications, incorporated as a dis-
tributed cost by multiplying the rates and cost of each major
complication type (hematoma, hypothyroidism, and vocal
cord dysfunction) and applying the sum of the products to
each instance of lobectomy (Table 1) (5,11). Initial costs in
the MT arms included cost of a second biopsy, to account for
the possibility of repeat FNA for a BIII nodule and/or need
for repeat biopsy for material for MT, in addition to the cost
of either TSv3 or GSC.

In the event of positive MT or when MT failed to produce
an interpretable result, costs of lobectomy and complications
were included. In the event of negative MT, costs for each
yearly Markov cycle included the cost of a clinic visit
and ultrasound. When cancer was detected during surveil-
lance after negative MT, additional costs incurred during

FIG. 1. Decision tree used to
compare rates of correct diagnosis
for DL, TSv3, and GSC (16). 1:
effectiveness of optimal manage-
ment, 0: effectiveness of nonopti-
mal management. In the Markov
model, remaining in the ‘‘Well’’
category at the conclusion of the
model results in an effectiveness
value of 1, while transitioning to
the ‘‘Detect cancer’’ or ‘‘Dead’’
states at any time results in an ef-
fectiveness of 0. DL, diagnostic
lobectomy; GSC, Gene Sequencing
Classifier; TSv3, ThyroSeq version 3.
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that cycle included the cost of biopsy and cytology, and the
cost of lobectomy and associated complications. Costs were
obtained from the literature as cited, and the Centers for
Medicare & Medicaid Services (CMS) 2018 reimbursement
schedule (Table 1) (22).

In the base case, $3600 was used for the cost of both types
of MT, per 2018 Medicare reimbursement (22). For sensi-
tivity analysis, previously published costs for the tests were
included and varied by –20% to account for a wide range of
possible future test costs (11,22,23). Costs that were obtained
from literature published >1 year ago were adjusted for in-
flation to June 2018 costs using the Consumer Price Index
inflation calculator (3) and were rounded to the nearest dollar.
Future costs were discounted at a standard 3% rate (21).

Outcomes

The outcome of interest was optimal nodule management
defined as surgery for nodules with malignancy (including
noninvasive follicular thyroid neoplasm with papillary-like
nuclear features [NIFTP]) on final histology and surveillance
for those that are truly benign. In the context of MT, this can
be summarized as accurately predicting the correct diagnosis,

and so it will be called herein. In terms of effectiveness, this
was considered a binary outcome, such that a correct diag-
nosis was assigned an effectiveness of 1, while an incorrect
diagnosis was assigned an effectiveness of 0. Scenarios in
which surgery was performed for a histologically benign
nodule were considered incorrect diagnoses, as were sce-
narios in which a missed malignancy was diagnosed on
lobectomy during surveillance after negative MT.

As histologic evaluation is required for NIFTP diagnosis,
surgery is required and when performed was considered the
correct management strategy. Technical failure of MT was
assigned an effectiveness of 0 regardless of histologic out-
come. Patients who were lost to follow-up during surveil-
lance due to background mortality were also assigned an
effectiveness score of 0. Patients who die of unrelated causes
during surveillance are likely to be true negatives, but be-
cause they did not complete the assigned rigorous follow-up,
we did not want to overestimate correct nodule diagnosis.
The overall effectiveness for each strategy was represented as
the probability of correct diagnosis for each management
strategy. Cost and effectiveness of the base case were sum-
marized as the cost per correct diagnosis.

Sensitivity analysis

One-way sensitivity analysis was performed for costs of DL,
TSv3, and GSC, cancer prevalence in nodules with BIII/BIV
FNAB results, performance parameters for TSv3 and GSC, MT
failure rate, and length of MT-negative nodule surveillance
(Table 1). Ranges were obtained using values in the literature or
by varying the base case by 20% when literature was not
available. Two-way sensitivity analysis was performed to de-
termine the MT cost at which the preferred treatment strategy
would change. Probabilistic sensitivity analysis was performed
using beta distributions for probabilities and test parameters,
gamma distributions for costs, and a Poisson distribution for
nodule surveillance time in years.

Results

DL had the lowest average expected cost per base case, at
$9602, compared with $10,451 and $11,385 for TSv3 and
GSC, respectively (Table 2). However, TSv3 had the highest
probability of a correct diagnosis at 0.732 compared with
0.637 for GSC and 0.250 for DL. In other words, when TSv3
was used, the likelihood of obtaining a correct diagnosis was
73.2%. Therefore, the cost per correct diagnosis was lowest
for TSv3 at $14,277 compared with $17,873 for GSC, and
$38,408 for DL (Table 2).

One-way sensitivity analysis was performed to test model
assumptions (Fig. 2). Within the tested ranges in Table 1,
TSv3 had a robustly lower cost per correct diagnosis than
GSC. When tested ranges were broadened beyond the pre-
dicted variation in Table 1, extreme thresholds outside likely
real-world values were identified. In this latter scenario, GSC
became less costly per diagnosis when TSv3 sensitivity de-
creased to 0.76 (base case 0.94) or specificity decreased to
0.66 (base case 0.82), or when GSC specificity increased to
0.86 (base case 0.68).

When the cost of GSC was held constant at the current
CMS reimbursement rate of $3600 (22), TSv3 became more
costly if the reimbursement was >$6218. Similarly, when the
cost of TSv3 was held constant at $3600, GSC became less

Table 1. Model Inputs for Base Case Analysis

Variable Value (range) Source

Probabilities and test parameters
Cancer prevalence 0.25 (0.05–0.5) (15)
MT failure 0.10 (0.05–0.15) (12,14)
TSv3 sensitivity 0.94 (0.86–0.98) (14)
TSv3 specificity 0.82 (0.75–0.87) (14)
GSC sensitivity 0.91 (0.79–0.98) (12)
GSC specificity 0.68 (0.60–0.76) (12)
Postoperative

hematoma
0.008 (0.008–0.017) (16)

Postoperative
hypothyroidism

0.25 (0.15–0.35) (15)

Postoperative
transient
RLN palsy

0.036 (0.01–0.07) (15)

Postoperative
permanent
RLN palsy

0.021 (0.01–0.035) (15)

Surveillance of
MT-negative
nodule (years)

20 (5–20) a

Costs ($)
Biopsy and cytology

interpretation
142 (114–170) (18)

Follow-up clinic visit 106 (85–127) (16)
Thyroid ultrasound 120 (96–144) (18)
GSC testing 3600 (2560–7680) (7,18,19)
TSv3 testing 3600 (2880–4867) (18,19)
DL 9520 (6235–12,471) (7,16)

Complications of lobectomy
Hematoma 6336 (5069–7603) (16)
Hypothyroidism 1852 (1482–2222) (7)
Transient RLN palsy 2365 (1892–2838) (7)
Permanent RLN palsy 7044 (5635–8453) (7)

Ranges for sensitivity analysis provided in parentheses.
aExpert opinion.
DL, diagnostic lobectomy; GSC, Gene Sequencing Classifier;

MT-negative, molecular test negative; TSv3, ThyroSeq version 3.
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costly if cost was decreased to <$1318. Altogether, the model
was robust to broad variations in the cost of TSv3, GSC, and
DL, sensitivity and specificity of both TSv3 and GSC, length
of surveillance after negative MT, and cancer prevalence in
BIII/IV nodules.

Two-way sensitivity analysis considering simultaneous
variations in cost of TSv3 and GSC demonstrated that TSv3
remained the preferred strategy over GSC across all tested
ranges in cost (Table 1). When the model utilized the most
recently published costs of GSC and TSv3 ($6400 and $4056,
respectively) (23), the cost per correct diagnosis was $14,900
for TSv3 and $22,268 for GSC. In no range of tested cost
variations did DL become the preferred strategy over MT.

On probabilistic sensitivity analysis, the model was sta-
ble at a value of 10,000 iterations. TSv3 was the preferred
strategy in 68.5% of cases, while GSC and DL were preferred
25.0% and 6.5% of the time, respectively (Fig. 3).

Discussion

In this theoretical model, we (i) used current management
algorithms for Bethesda III/IV nodules (18) and (ii) utilized
the most recent costs and probabilities from the newest val-
idation data for both GSC and TSv3 (15,17). In addition, we
directly compared DL with both GSC and TSv3. Despite the
choice of a long MT surveillance interval (20 years) that
would potentially skew model results to favor DL, the first
major finding of the study was that although DL had the lowest

cost per case, use of either MT was found to have significantly
lower cost per correct diagnosis than DL. The cost sav-
ings observed for both MT strategies are the direct result of
avoiding unnecessary diagnostic surgery for what proves later
to be a histologically benign thyroid nodule. These results have
significant cost and safety implications for patients, as well as a
meaningful potential economic impact in the United States.

MT cost efficacy compared with DL has been previously
studied in some detail, but not using the most recently
available tests. In the first cost utility study of MT, evaluating
GEC compared with DL, Li et al. demonstrated both cost
savings and a modest gain in quality-adjusted life years
(QALYs) in the MT arm of a hypothetical model (7). The cost
savings persisted up to an MT cost of $4600, and MT was cost
saving in 92.5% of tested cases on probabilistic sensitiv-
ity analysis. Similarly, Labourier demonstrated cost savings
likely resulting from a 32% reduction in unnecessary surgery
in a 2016 theoretical analysis of a different MT called Thy-
GenX/ThyraMIR (11).

In a hypothetical cost study evaluating the seven-gene
panel (on which TSv3 was originally based) and using clin-
ical management as per the existing 2009 ATA guideline
recommendation for total thyroidectomy for cancer >1 cm
(3), cost savings were observed due to reductions in two-
stage thyroidectomy (8). A recent study of TSv2 using
patient-level cost data demonstrated a decrease in overall
costs by avoiding unnecessary surgery, however, the design
did not account for any follow-up of MT-negative nodules
(10) or consider current management recommendations that
include lobectomy as adequate treatment for low-grade thy-
roid malignancies (18).

Interestingly, not all studies of MT compared with DL
have demonstrated cost savings. For example, in 2017,
Shapiro et al. integrated real patient cost data from a small
cohort of 96 patients with indeterminate nodules and found
only a 13.1% reduction in necessary surgeries with GEC, and
increased cost in the GEC cohort (13). In this study, the
indications and criteria for GEC testing were not clear and
management efficacy was assessed retrospectively. Simi-
larly, a recent cost utility analysis by Balentine et al. showed

Table 2. Results: Cost and Effectiveness

of Diagnostic Lobectomy, ThyroSeq Version 3,
and Gene Sequencing Classifier

Model
strategy

Cost/
case ($)

Probability
of correct
diagnosis

Cost/correct
diagnosis ($)

DL 9602 0.250 38,408
TSv3 10,451 0.732 14,277
GSC 11,385 0.637 17,873

FIG. 2. Tornado diagram: one-
way sensitivity analysis of incre-
mental cost-effectiveness of TSv3
over GSC. Black bars represent
higher parameter values and gray
bars represent lower parameter
values. Values on x-axis represent
cost savings per correct diagnosis
of TSv3 over GSC.
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that compared with DL, GEC was associated with both a
modest decrease in QALYs and an increase in cost, which
was attributed to surveillance for GEC-negative nodules (14).

In addition, and different than the present model, many
patients with positive MT went on to have total thyroidec-
tomy rather than lobectomy, incurring additional costs and
risks. Here, because the current ATA guidelines recommend
DL or total thyroidectomy as oncologically equivalent de-
finitive surgical options for 1–4 cm confined, differentiated
thyroid cancers, which are typically the cancers diagnosed
after resection of BIII/BIV nodules, we utilized DL as the
primary surgical strategy. Completion thyroidectomy may be
needed for a proportion of histologic cancers; however, this
proportion would likely be equivalent in all three manage-
ment strategies.

Several prior cost-effectiveness studies of MT have fo-
cused on cost per QALY gained and have shown minimal
differences in QALYs, regardless of the management strat-
egy (7,9,12,14). This is likely because thyroid surgery is
relatively safe and differentiated thyroid cancers are gener-
ally indolent with missed cancers rarely causing significant
morbidity or mortality. Thus, in the present study design, we
focused on an objective and time-independent outcome,
which is an optimally matched therapy and diagnosis, since
the purpose of obtaining additional testing is to arrive at an
accurate diagnosis and direct appropriate management. We
also believe that this effectiveness measure represents a more
practical approach that provides a clearer picture of how
adjunct tests such as MT can affect health care expenditures.

Another finding was that when GSC and TSv3 were
compared, TSv3 was significantly preferred, with both lower
cost and a higher likelihood of directing the correct clinical
management according to histologic outcome. Over a broad
range of variation in values, TSv3 was consistently the least
costly strategy. Validation studies of GEC and earlier ver-
sions of ThyroSeq have demonstrated mixed results in di-
agnostic accuracy (24–34); the current model preference for
TSv3 over GSC was robust with different results obtained
only when TSv3 and GSC specificities were well outside the

previously reported 95% confidence interval thresholds (of
0.66 and 0.86, respectively) (15,17). On expanded sensitivity
analysis, test preference did change at a low cost of GSC or
high cost of TSv3, as expected.

Cancer prevalence has been widely highlighted as a po-
tential source for heterogeneity in MT accuracy. In the cur-
rent model, TSv3 and GSC were preferred to DL over a wide
(5–50%) cancer prevalence range considered for indetermi-
nate nodules, suggesting that either type of MT is more cost
effective than routine DL even when cancer prevalence in
BIII/BIV nodules is as high as 50%. As the national reim-
bursement landscape shifts increasingly toward bundled
payments and diagnosis-related groups, careful consideration
of economical and effective management strategies is be-
coming increasingly important, and reconsideration of costly
reflexive DL for BIII/IV nodules may be worthwhile (6).

This study has several limitations. First, the diagnostic
accuracy of MT has the potential to be decreased by the
introduction of new terminology to describe NIFTP (35).
Because NIFTP is currently considered a lesion requiring
surgical resection for diagnosis and management, consider-
ing it to be malignant for the purposes of this analysis was the
most accurate way to analyze the cost efficacy of correct
management. If in the future, NIFTP lesions should become
identifiable preoperatively and not require resection, the di-
agnostic accuracy of MT and the results of our model would
be altered. Regardless, the cost per correct diagnosis for ei-
ther TSv3 or GSC would need to increase by several fold
before DL would become the preferred strategy.

Furthermore, the study is theoretical, that is, the costs and
efficacies utilized were evidence-based estimated values that
may not represent the costs and probabilities of any one pa-
tient, clinical scenario, or geographical/institutional setting.
The model does not account for variations in practice such as
cytology rereview or repeat FNAB of nodules before pro-
ceeding to MT or DL; to minimize the impact of this vari-
ability and remain generalizable, it included costs incurred
after these measures, when surgery becomes the next con-
sideration in the diagnostic algorithm. Next, the initial

FIG. 3. Probabilistic
sensitivity analysis: cost-
effectiveness scatter plot
demonstrating cost and
probability of correct diag-
nosis over 10,000 iterations
with simultaneous variation
of input values. Circle: diag-
nostic lobectomy; triangle:
GSC; square: TSv3.

MOLECULAR TESTING COST-EFFECTIVENESS ANALYSIS 1241



performance parameters of GSC and TSv3 were reported in
single multicenter studies and both require further indepen-
dent validation (15–17); in future study, it is possible that test
performance parameters may lie outside those used here on
sensitivity analysis.

In addition, this study considered cost only up until the
time of definitive diagnosis. Further costs, which are likely
equivalent between the three management strategies, may be
incurred with postlobectomy treatment of cancer and were
not accounted for, including completion thyroidectomy and
possibly radioactive iodine administration. Given these con-
siderations and the binary ‘‘correct diagnosis’’ outcome mea-
sure, which has no known threshold for cost-effectiveness
(i.e., $100,000/QALY), these results should be interpreted
primarily as a relative cost for each strategy, rather than as an
absolute cost per diagnosis.

Finally, we used a base case of a 40-year-old woman with a
2 cm Bethesda III/IV thyroid nodule with no other concerning
symptomatic or sonographic features. This situation is not
necessarily representative of all cases, and certainly, indi-
vidual factors must be considered before even ordering MT;
that is, patients may present with compressive symptoms
warranting resection, patients may have concurrent surgical
indications that would lead to up-front total thyroidectomy,
the nodule may have sonographic features that increase sus-
picion for malignancy, or surveillance may not be feasible.
Some studies have described MT-negative nodules that are
resected for clinical reasons, and ideally, this assessment should
be made before obtaining MT at all. Consideration of patient
preferences, clinical presentation, and cost-effectiveness are
all necessary components in shared decision-making.

In summary, the results presented here demonstrate in a
hypothetical model that use of either the GSC or TSv3 mo-
lecular adjunct for Bethesda III/IV nodules is highly cost
effective compared with routine diagnostic thyroid lobec-
tomy for achieving matched therapy and diagnosis. Further-
more, although both MT are associated with cost savings
when considering optimally matched therapy and diagnosis,
TSv3 was robustly less costly and more likely to yield a
correct diagnosis.
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