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Abstract

Background. The objective of the following retrospective review was to perform a cost-effectiveness analysis of the use of
molecular testing of indeterminate thyroid nodules compared to current management practices in Nova Scotia, Canada.

Methods. All cases of cytologically indeterminate thyroid nodules from January Ist, 2014 to December 3lst, 2018 were
reviewed. All interventions related to an indeterminate thyroid nodule were recorded. Patients were excluded if less than
I8years old if no further information regarding medical management was electronically available beyond the diagnosis of
an indeterminate thyroid nodule, history of radiation, or previous thyroid surgery prior to diagnosis of an indeterminate
thyroid nodule in the remaining lobe. Microcosting was performed to determine the cost of all relevant interventions including
repeat fine needle aspiration biopsy, ultrasound, thyroid surgery(s), and molecular testing. Institution-specific transition state
probabilities were calculated and used to build a cost-effectiveness analysis model. Model output was an incremental cost-
effectiveness ratio, defined as the ratio of cost difference to effectiveness difference between routine molecular testing and the
current management strategy, yielding cost per surgery avoided.

Results. The mean effectiveness of the current management of indeterminate thyroid nodules in Nova Scotia based on the
American Thyroid Association guidelines is 64% at a mean cost of $6431, while the simulated mean effectiveness of routine
molecular testing is 89% at a mean cost of $8414. Differences in management strategies generated an incremental cost-
effectiveness ratio of $7876 per surgery avoided.

Conclusion. Routine molecular testing is the more effective strategy for the appropriate management of indeterminate thyroid
nodules; however, it comes at a higher mean cost compared to the current management strategy. As the cost of molecular
testing continues to decrease, and the cost of OR resources continues to rise, molecular testing is likely to become the optimal
strategy in Nova Scotia.
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COST-EFFECTIVENESS ANALYSIS OF MOLECULAR TESTING
FOR INDETERMINATE THYROID NODULES IN NOVA SCOTIA

MacKay C, Turner B, Clarke S, Wallace T, Rigby M

OBJECTIVES

To perform a cost-
effectiveness analysis of the
use of molecular testing of
indeterminate thyroid
nodules in Nova Scotia,
Canada.

METHODS

Retrospective review of

r—)*‘@" indeterminate thyroid nodules
[ A

cost-effectiveness analysis model

O’—J was built
Model output was an incremental

cost-effectiveness ratio

RESULTS

The mean effectiveness of the
current management of

indeterminate thyroid nodules is

64% at a mean cost of $6,431

Simulated mean
effectiveness of routine
molecular testing is 89%

at a mean cost of $8,414.

Differences in management
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Introduction

Thyroid nodules are incredibly common among the general
population, notably among women, and are estimated to be
present in 30% to 60% of the general population.' Despite
their high prevalence, only a small minority (5%) are esti-
mated to be malignant.! Thyroid nodules are frequently an
incidental finding on chest imaging, prompting further inves-
tigation with a dedicated ultrasound.

Developed in 2017 by the American College of Radiology
(ACR) to standardize the ultrasonographic findings of thyroid
nodules, the thyroid imaging, reporting, and data system
(TI-RADS) classification provides a recommendation for fine
needle aspiration (FNA) biopsy, ultrasound surveillance, or

strategies generated an
incremental cost-effectiveness
ratio of $7,876 per surgery avoided.
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no follow-up based on nodule size, shape, and presence of
high-risk sonographic features.> Surveillance or surgical
management is suggested per the American Thyroid Asso-
ciation (ATA) guidelines based on The Bethesda System for
Reporting Thyroid Cytopathology.® Repeat FNA may be per-
formed in nodules with indeterminate cytopathology at the
physician’s discretion or followed with serial ultrasounds to
assess for interval growth.® Alternatively, molecular testing
(MT) can be performed peri-operatively to better stratify
malignancy risk prior to planned diagnostic thyroid surgery
as results may lead a surgeon to recommend upfront total thy-
roidectomy in high-risk individuals.? Previous work at our
institution found that younger patients, patients with Bethesda
IV nodules, and patients with an indeterminate nodule >3 cm
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were significantly more likely to choose to undergo diagnos-
tic thyroid surgery.* Despite a low malignancy risk, many
patients still experience decisional conflict regarding surveil-
lance versus surgery.*>

Several commercially available FNA biopsy tests can be
used to better stratify the risk of malignancy in indetermi-
nate thyroid nodules (ITNs) by identifying genetic muta-
tions associated with increased malignancy risk. ThyroSeq
v3 uses next-generation DNA and RNA sequencing to iden-
tify an array of genetic mutations, including PTEN, RAS,
PAX8/PPARG, RET/PTC, and BRAF V600E, some of
which carry a >90% risk of malignancy.®’ Using the McGill
Algorithm, an analysis of the use of ThyroSeq v3 in 50
patients with ITNs identified a 54% decrease in diagnostic
surgery.® Alternatively, Afirma and RosettaGX Reveal use
analysis of messenger (mMRNA) and microRNA (miRNA),
respectively, to detect gene mutations that increase the risk
of malignancy in an ITN. However, molecular testing is not
perfect and only evaluation of a surgical specimen by pathol-
ogy can definitively rule out malignancy. Various studies
have sought to determine the sensitivity, specificity, nega-
tive predictive value (NPV), and positive predictive value
(PPV) of each molecular test for identifying nodules that are
at increased risk of malignancy. A newer version of the
Afirma molecular testing kit, Afirma Genomic Sequencing
Classifier (GSC), has been found to have a 95% sensitivity
and a 96% NPV?; however, reported findings of test speci-
ficity vary from 68% to 94.3% and a variable PPV of 47% to
60%.%1°

ThyGenX, the initial oncogenic screening panel of the
Interpace Diagnostics, Inc. molecular testing, which also uses
next-generation DNA and RNA sequencing, has been reported
to have 71% sensitivity, 69% specificity, 81% NPV, and 56%
PPV.!! Interpace Diagnostics miRNA classifier ThyraMIR is
performed should the initial ThyGenX oncogenic screening
panel identify a genetic mutation with a weak malignancy
association. ThyGenX and ThyraMIR together have a 95%
sensitivity and a 90% specificity for detecting genetic muta-
tions that increase nodule malignancy rate.!! Per recommenda-
tion 13 of the ATA guidelines, patients who undergo molecular
testing should be counseled regarding the limitations of the
testing, as a negative test does not guarantee benign disease on
thyroid pathology.’

There is notable variability in the cost of the commercial
molecular tests mentioned above.” Afirma BRAF mutation
analysis with medullary thyroid carcinoma (MTC) detection is
975 USD, while Afirma Gene Expression Classifier
(GEC) + MTC, the most expansive genetic panel option is
priced at 6400 USD. RosettaGX Reveal and ThyroSeq are
3700 and 4056 USD, respectively.” The cost of certain molec-
ular tests has decreased significantly in recent years. The most
up-to-date and current out-of-pocket cost for patients for
ThyGenX molecular testing in Canada, coordinated through
TAP Molecular, is 1140.74 CAD (900 USD) (TAP Molecular,
Quebec, personal communication). Although patients fre-
quently experience decisional conflict, few patients in Nova

Scotia have elected to proceed with molecular testing because
of the cost.

With higher nursing shortages and increasing demands
on the Canadian healthcare system, the use of microsimula-
tion modeling may become more critical in guiding future
healthcare policy. Compared to state-transition cohort mod-
eling, which works off the Markov assumption that transi-
tions between health states depend only on the current
health state at that particular moment in time, microsimula-
tion allows comparison of the natural history of a disease
course within a particular region and accounts for individ-
ual variability in disease to determine the effectiveness of
an intervention specific to a given population.'?> Both the
governments of Quebec and Ontario have performed simi-
lar cost-effectiveness analyses, using quality-adjusted life
years (QALY) to make recommendations on provincial
funding of molecular testing.'>'* Although their findings
were consistent with other reports with respect to increas-
ing the probability of avoiding unnecessary surgery, the
province of Ontario’s Health Technology Assessment find-
ings suggested that molecular testing was favored not to be
cost-effective at current pricing.'*

Methods

Ethics approval for the study was obtained from the Nova
Scotia Health Authority Research Ethics Board (ROMEO
#1024802). All cases of cytologically ITNs diagnosed in
Nova Scotia between January 1st, 2014 and December 31st,
2018 were analyzed. The health records of 733 patients were
analyzed to identify all relevant records pertaining to the
management of the ITN(s). All management events pertain-
ing to the indeterminate nodule, including repeat FNA(s),
ultrasounds, thyroid surgery, or molecular testing (if appli-
cable), were recorded. Transition states within current prac-
tice were defined as the probability of moving from one
health state to another: for example, from ultrasound to
ultrasound (surveillance) or biopsy to surgery (diagnostic
hemithyroidectomy). Patients were excluded from the anal-
ysis of transition state probabilities if there was no informa-
tion available or subsequent management beyond a diagnosis
of an indeterminate nodule. In addition, patients were
excluded if <18 years of age, if they had a history of radio-
active iodine, external beam radiation to the neck, previous
thyroid surgery prior to the diagnosis of ITN in the remain-
ing lobe if a Bethesda V or VI diagnosis was made simulta-
neously in a different nodule, or if surgical pathology noted
a histology other than papillary thyroid cancer. Six patients
paid out-of-pocket for molecular testing and therefore were
excluded from analysis due to the confounding effect on
subsequent management. FNA biopsies performed in a dif-
ferent thyroid nodule as a consequence of ultrasound sur-
veillance were included in the transition state probability
calculation. If a repeat FNA of the ITN or a neck mass was
suspicious or positive for malignancy, subsequent manage-
ment was not included in the probability calculation.
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Table . Molecular Testing Transition State Probabilities, Operating Room Time (min), and Molecular Testing Cost Range.

Transition state Range Source

Surgery after molecular testing 0.38-0.50 8 15,16

Malignancy in surgical pathology 0.44-0.91 S 1518

Completion thyroidectomy 0.3-0.6 Institutional data and expert opinion
Hemithyroidectomy OR time (min) 60-230 Institutional data

Total thyroidectomy OR time (min) 155-360 Institutional data

Cost of molecular testing (CAD) 800-1600 Range based on the variability of MT cost

Abbreviation: MT, molecular testing.

Table 2. Costs of Interventions in the Management of ITNs in
Nova Scotia, Canada, Obtained Through Microcosting.

Event Cost (CAD)
Ultrasound 119.25
Ultrasound-guided FNA 381.00
Hemithyroidectomy 9320.53
Completion thyroidectomy 9509.41
Total thyroidectomy 13,956.36
Molecular testing 1100

Abbreviations: FNA, fine needle aspiration; ITN, indeterminate thyroid
nodule.

Institution-specific data were used to generate transition
probabilities for the current management strategy arm of the
model. Transition probabilities for the molecular testing arm
of the model were informed by extrapolation from our data set
as well as values from the literature from centers that have
previously trialed or implemented various brands of molecular
testing (Table 1). Sensitivity, specificity, NPV, and PPV for
ThyraMir/ThyGenX were obtained from Lupo et al."!

The total cost of thyroid nodule management was deter-
mined through microcosting from the perspective of a single-
payer provincial system. Cost of thyroid ultrasound, radiologist
performed ultrasound-guided FNA, hemithyroidectomy, com-
pletion thyroidectomy, and total thyroidectomy were obtained
from Nova Scotia Health Authority administration. The cost of
ThyGenX/ThyraMIR molecular testing was obtained from
TAP Molecular, Quebec (personal communication; Table 2).

Complications were rare postoperatively in the retrospec-
tive review and therefore were not included explicitly in the
model. They are accounted for in the cost of surgery, specifi-
cally in the length of stay postoperatively.

The cost-effectiveness microsimulation model was built
and run using R statistical software (v 3.6.1; R Core Team
2019) based on a framework developed by Krijkamp et al.!?
One million simulated patients per diagnostic arm were run
over 12 cycles based on a 3-month cycle length. Cycle
length and number of cycles were chosen based on event
rates from our retrospective data. At a cycle length of

3 months, the majority of patients experienced only 1event
per cycle. No patients had transition events beyond 3 years,
and therefore 12 cycles were run to match these data. The
number of unnecessary surgeries avoided was selected as
the marker of effectiveness as justified by Dharampal et al'’
in their recent CEA of thyroid nodules conducted in Alberta,
Canada. These authors argue that QALY's, a measurement of
the consequences of a diseased state, is not an optimal out-
come when analyzing the cost-effectiveness of a diagnostic
test or intervention in an asymptomatic health condition that
is less likely to affect one’s global health state, downstream
health, or result in significant time away from work.
Unnecessary surgery was defined as patients with ITN who
received surgery but had a benign result on final pathology.
Patients were assigned a utility of 0 if they had unnecessary
surgery, a utility of 1 if a malignant nodule was found on
final pathology or they were appropriately never operated
on. The primary outcome of the model was an incremental
cost-effectiveness ratio (ICER), defined as the ratio of cost
difference to effectiveness difference between 2 diagnostic
management strategies, yielding cost per surgery avoided.

Costof MT — Cost of Current management

Effectiveness of MT — Effectiveness of Current management
=ICER ($/Surgery avoided)

According to the Guidelines for the Economic Evaluation of
Health Technologies: Canada—Fourth Edition'® models that
span more than 1 year should be run multiple times with dis-
counting values of 0%, 1.5%, and 3% to account for uncer-
tainty. The results of the model with discounting set at 1.5%
are reported as the reference model per the above Guidelines.
The results of all non-reference models are reported in
Appendix A.

Due to the wide variation in transition probabilities in the
literature (Table 1), a probabilistic sensitivity analysis (PSA)
was conducted to account for this variability. PSA analysis
was conducted in R using the DARTH framework and the
dampack package.!® The PSA consisted of 10,000 simulations
in which 15 model parameters were varied; parameters varied
included the probability of surgery after molecular testing
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Figure |. Probabilistic sensitivity analysis based on 10,000
simulations.

(and its reciprocal), probability of malignancy after any thy-
roid surgery (and its reciprocal), probability of completion
thyroidectomy if malignancy on diagnostic lobectomy (and
its reciprocal), operating room time of hemi- and total thy-
roidectomy (which modified the cost of hemi-, total, and
completion thyroidectomy in both arms), cost of molecular
testing, and utility of papillary thyroid microcarcinoma
(PTMC; Appendix A). The cost of surgery was included in the
PSA as the length of surgery varied by patient, thus affecting
operating room-related costs. As the utility of surgery for
PTMC is also equivocal in the literature, the reference model
was run with the utility as a PSA distribution between 0 and
1. Non-reference models were also run with the utility set at 0
and 1, respectively, for comparison (Appendix A).

Results

The mean cost of current management of indeterminate nod-
ules in Nova Scotia, Canada is $6431 with a mean effective-
ness of 64%, while the simulated mean cost of molecular
testing of ITNs was $8414 with a mean effectiveness of 89%
(Figure 1). Differences in cost and effectiveness between the
2 management strategies yielded an ICER of $7876 per sur-
gery avoided.

At willingness to pay (WTP) thresholds of $8000, $10,000,
or $15,000 per unnecessary surgery avoided the probability
that MT is the most cost-effective strategy was 53.8%, 82.2%,
or 99.3%, respectively (Figure 2).

One-way sensitivity analysis was performed on all varied
parameters. This analysis concluded that, within all clinically
relevant ranges, molecular testing was the optimal strategy.
Therefore, we did not perform 2-way sensitivity analysis. A
tornado plot of the 1-way sensitivity analyses showed that the
rate of surgery following molecular testing had the greatest
influence on the model (Appendix A).

Strategy

o
>

e~ Current management

e~ Molecular testing

Pr Cost-Effective
o
Y

O Frontier

4 6 8 10 12
Willingness to Pay (Thousand $ / Surgery Avoided)

Figure 2. Cost-effectiveness acceptability curves of molecular
testing and current management strategy in the management of
indeterminate thyroid nodules.

Discussion

In our model, molecular testing of indeterminate nodules con-
sistently remained the more effective strategy for avoiding
unnecessary surgery; however, it was consistently the more
costly strategy. Our microsimulation is a robust model devel-
oped using institution-specific data with over 700 patients,
rather than utilizing a base case model, thus providing a
strong provincial picture of the landscape of the management
of indeterminate nodules in Nova Scotia. Adherence to the
ATA guidelines resulted in effectiveness at avoiding unneces-
sary surgery of 64%, which speaks to a strong history of
counseling patients on management options for ITNs, given
the potential risks and benefits of surgery and the option for
noninvasive ultrasound surveillance given lower rates of
malignancy, particularly in Bethesda III thyroid nodules. Our
model accounts for additional FNA biopsies performed on
other thyroid nodules identified in patients who opted for
ultrasound surveillance. However, it should be noted that our
data may inappropriately represent the most current probabil-
ity of completion thyroidectomy. Since 2019, Nova Scotia
Health Pathology and Laboratory Medicine has been running
BRAF V600E mutation testing on hemithyroidectomy surgi-
cal specimens positive for differentiated thyroid cancer that
were staged T1/2 and/or NO/Nx or N1a with less than or equal
to 5 lymph nodes involved. This updated protocol may
increase the probability of completion thyroidectomy at our
institution in the period after the retrospective analysis. In
addition, the use of routine molecular testing in the future
may better delineate which patients may benefit from upfront
total thyroidectomy, reducing the number of completion thy-
roid surgeries. An analysis by Carty et al?® of 389 patients
with Bethesda I'V nodules found the routine use of ThyroSeqv2
or ThryoSeqv3 identified all patients with intermediate to
high risk and medullary thyroid cancers preoperatively.
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As was succinctly outlined by Dharampal et al'” in their
simulated analysis of molecular testing for indeterminate
nodules in Alberta, Canada, we also feel the use of unneces-
sary surgery avoided better represents the effectiveness of
molecular testing compared to QALYs. Five-year surveil-
lance of an indeterminate nodule is unlikely to cause signifi-
cant time away from work, will be asymptomatic if small,
and will cause varying degrees of anxiety among patients.
For patients who elect to undergo diagnostic lobectomy,
postoperative complications that can affect long-term qual-
ity of life (permanent hypocalcemia requiring lifetime sup-
plementation,?' and permanent vocal cord palsy?>??) are
rare. We agree that QALY is a poor metric of the effective-
ness of molecular testing in our model, given our primary
outcome is to determine the utility of a diagnostic test in
avoiding a more costly and invasive intervention in an
essentially asymptomatic condition.

PTMC (defined as tumors 1 cm or less in size) represents a
challenge when determining a utility to assign. These are indo-
lent tumors with low rates of clinical progression; the 2015
ATA guidelines suggest that active surveillance may be appro-
priate for some patients. This is not routinely done outside of
select centers.? Given this information, neither a value of 1 nor
0 was felt to be appropriate for patients with PTMC on final
pathology, and it was therefore included as one of the variables
in the PSA. Comparison models were run with the utility set at
either 0 or 1 but the resulting ICERs were not meaningfully
different (Appendix A).

Although our nodule characteristics for study inclusion
were identical to the base case characteristics used by
Dharampal et al, our notably higher current practice effec-
tiveness at avoiding unnecessary surgery is due to several
variables, including our time horizon, and our lower proba-
bility of proceeding to surgery after a diagnosis of indeter-
minacy. Despite an equal incidence of thyroid malignancy
of 13% between provinces,?* Dharampal et al report a prob-
ability of proceeding to diagnostic lobectomy over a 1-year
time frame of 0.74, while the probability of having diagnos-
tic thyroid surgery at our center over 5 years was 0.52. This
is reflective of a strong history of counseling patients regard-
ing conservative management options in nodules favored to
be benign. There may be several factors that influence this
disparity, including the proportion of surgeons who practice
under alternate funding arrangements versus a fee-for-ser-
vice model.? It is notable that the schedule of benefits for
thyroid surgery for fee-for-service physicians in Alberta,
Canada is more than 3 times that of Nova Scotia physicians.
In addition, differences from province to province in rates of
malignancy within indeterminate nodules will affect the
probability of diagnostic surgery within a cost-effectiveness
analysis. Given the following model is based on institution-
specific data, the effect of malignancy rate on cost-effec-
tiveness is inherently built into the model.

Molecular testing itself is not without limitations; there
is considerable variability among current molecular tests on

the market, which include Afirma GSC, ThyroSeqv3, and
ThyraMIR/ThyGeNEXT. However, the more recent ver-
sions of these molecular tests have sensitivities above 90%
and specificities above 80%.% 1026 Regardless, molecular
testing remains financially out-of-reach for the majority of
Canadians within a public healthcare system that currently
does not cover this risk stratification tool. Not only is effec-
tiveness affected by the individual cost of each molecular
test but also heavily influenced by the thyroid nodule
malignancy rate within the local population.?’ A cost-effec-
tiveness analysis by Wu et al using routine GEC molecular
testing was both the more costly and more effective man-
agement strategy. As the simulated malignancy rate varied
from 15% to 35%, molecular testing became the more
effective management strategy at a lower overall cost.?’ In
addition, as malignancy rates and institutional practices
vary by local regions within a country, certain molecular
tests may prove more beneficial in reducing unnecessary
surgery; tests with high NPV may be more useful as a rule-
out test in regions with a low threshold for surgery while a
limited genetic panel may be more useful in ruling out
high-risk mutations that require more extensive upfront
surgery.?®

Although a comprehensive analysis with data from over
700 patients, our study is not without limitations. Our study
is limited by the availability of patient data within the elec-
tronic medical record due to the absence of a single inte-
grated province-wide system. All cytopathology specimens
in Nova Scotia were captured in our retrospective review as
all specimens are analyzed at Nova Scotia Health’s tertiary
care hospital in Halifax, Nova Scotia; however, there is no
integrated medical record system that captures all clinic
reports and hospital records from community hospitals, thus
several patients were excluded from analysis as there was no
additional electronic information beyond a diagnosis of an
indeterminate nodule. As the probabilities in the model are
based on institution-specific data, they are affected by the
potential tendencies of surgeons toward surgery versus con-
servative management. In addition, our institution-specific
probabilities are altered by our rate of unsatisfactory FNA; a
retrospective review performed in 2013 of 1491 thyroid FNA
biopsies performed at Queen Elizabeth II Health Sciences
Centre found an unsatisfactory rate of 28.9%, while the rate
of Bethesda III and IV cytopathology was 45% and 18.8%,
respectively.?? Within our study, 23.7% of patients under-
went a repeat FNA after a diagnosis of indeterminate while
interestingly, 27 patients underwent 1 or more FNAs prior to
a diagnosis of indeterminate. It is unknown whether rates of
unsatisfactory thyroid FNA biopsies at our institution have
improved since 2013, and to what extent lower rates of unsat-
isfactory biopsies would result in significant changes in tran-
sition state probabilities, and therefore effectiveness within
our model.

As the cost of molecular testing remains out-of-reach for
many patients, our cost-effectiveness analysis has potential
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implications in advising local healthcare policy. Govern-
ments must examine whether provincial coverage of molec-
ular testing and therefore 2 to 2.5 hours of operating room
time per thyroid surgery avoided is worth a valuation of
nearly $8000 to reduce the current surgical backlog.’® As
noted above, Chen et al® noted a 54% decrease in diagnostic
surgery at their institution when routinely using molecular
testing for ITNs. Applying the same findings to the 219
patients at our institution who underwent hemithyroidec-
tomy during our 5-year study period, a 50% reduction in
diagnostic surgery would represent 220 to 275hours of
newly available OR time for other surgical procedures.
Should the provincial government elect to provide univer-
sal coverage, it should be noted that patients may have a
tendency toward molecular testing before diagnostic sur-
gery or alternatively, given anxiety about malignancy, still
prefer diagnostic surgery in a thyroid nodule favored to be
benign on molecular testing. Interestingly, of 6 patients
(excluded from the model as this would not represent a sin-
gle-payer perspective) who underwent molecular testing
from 2014 to 2018 at our institution, 4 patients had no
known genetic mutations, of whom 1 still elected to have
diagnostic surgery. Patient autonomy and malignancy anxi-
ety contrast the assumptions made in other published cost-
effectiveness analyses.’! Routine BRAF testing alone on
cytologically indeterminate nodules may provide a more
economical alternative to molecular testing by potentially
avoiding 2-stage surgery.

Appendix A

Conclusion

Our cost-effectiveness model comparing routine molecular
testing of ITNs to current management strategies yielded an
ICER of $7876 per surgery avoided. Although modeling of
routine molecular testing suggests a potential effectiveness of
89% at a mean cost of $8414, close adherence to the ATA
guidelines at our institution has resulted in an effectiveness of
64% with a mean cost of $6431 per patient under current man-
agement. At a WTP threshold of $8000, MT would be the most
cost-effective strategy 53.8% of the time. As WTP increases, so
does the probability that MT will be the most cost-effective
strategy. For routine molecular testing to become the dominant
management strategy, both economically and for patients, sev-
eral model parameters, particularly the rate of surgery after MT
and the cost of MT would need to decrease beyond the range
tested from the literature. An additional downstream benefit of
routine molecular testing would include an estimated 220 to
275hours over 5years of newly available OR time. Finally, the
ability of molecular testing to identify high-risk mutations prior
to surgery that would make total thyroidectomy the recom-
mended treatment option, and therefore decrease rates of
hemithyroidectomy plus completion thyroidectomy, has the
potential to decrease the cost per surgery avoided. Due to a
wide range of reported practice patterns in the literature, molec-
ular testing may be a much more cost-effective strategy than
currently modeled if the ability to identify patients who may
benefit from upfront total thyroidectomy is as high as the
reported testing performance metrics.

Table Al. Distributions and Hyperparameters of Parameters Included in Probabilistic Sensitivity Analysis.

Parameter Distribution Mean SD Lower limit Upper limit
Probability of surgery following MT Truncated normal 0.42 0.05 0.38 0.50
Length of hemithyroidectomy Truncated normal 163 26.6 60 230
Length of total thyroidectomy Truncated normal 242 46.6 155 360
Cost of MT Truncated normal 1200 120 800 1600
Probability of malignancy following surgery in MT arm Truncated normal 0.875 0.10 0.44 091
Probability of a completion hemithyroidectomy following Truncated normal 0.45 0.1 0.30 0.60
malignancy in MT arm
Utility of papillary thyroid microcarcinoma Truncated normal 0.5 0.25 0 I

Abbreviation: MT, molecular testing.
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Table A2. Results of Non-Reference Case Discounting Rates Compared to the Reference Case Rate of 1.5% (Bold).

Discount rate Mean cost ($) Mean effectiveness ICER ($/Sx avoided)
0% 7979.687
Current management 6455919 0.638
MT 8466.800 0.890
1.5% 7876.348
Current management 6430.515 0.638
MT 8413.664 0.890
3.0% 7777.749
Current management 6415.357 0.638
MT 8373.680 0.890

Abbreviations: ICER, incremental cost-effectiveness ratio; MT, molecular testing.

Table A3. Results of Non-Reference Case Papillary Thyroid Microcarcinoma Utility Compared to the Reference Case with Utility Drawn
from a Distribution (Bold).

PTMC utility Mean cost ($) Mean effectiveness ICER ($/Sx avoided)
0 6909.927
Current management 6430.515 0.603
MT 8413.664 0.890
PSA distribution 7876.348
Current management 6430.515 0.638
MT 8413.664 0.890
| 9138.935
Current management 6430515 0.673
MT 8413.664 0.890

Abbreviations: ICER, incremental cost-effectiveness ratio; MT, molecular testing; PSA, probabilistic sensitivity analysis; PTMC, papillary thyroid
microcarcinoma.
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Figure Al. An annotated version of Figure | displays the results of varying the discount rate and utility of papillary thyroid
microcarcinoma (PTMC) parameters (Tables A2 and A3).
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Figure A2. Tornado plot showing the results of the |-way sensitivity analysis. Parameters closer to the top of the plot have a greater
influence on the outcome. MQ, probability of surgery following molecular testing; c.E, cost of total thyroidectomy; c.M, cost of molecular
testing; ¢.D, cost of hemithyroidectomy; c.F, cost of completion thyroidectomy.
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QALY Quality-adjusted life years
WTP Willingness to pay
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