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Rationale and Objectives: Thyroid nodules are a common incidental imaging finding and prone to overdiagnosis. Several risk stra
tification systems have been developed to reduce unnecessary work-up, with two of the most utilized including the American Thyroid 
Association 2015 (ATA2015) and the newer American College of Radiology Thyroid Imaging, Reporting and Data System (TIRADS) 
guidelines. The purpose of this study is to evaluate the cost-effectiveness of the ATA2015 versus the TIRADS guidelines in the man
agement of incidental thyroid nodules.

Methods: A cost-utility analysis was conducted using decision tree modeling, evaluating adult patients with incidental thyroid nodules 
<  4 cm. Model inputs were populated using published literature, observational data, and expert opinion. Single-payer perspective, 
Canadian dollar currency, five-year time horizon, willingness to pay (WTP) threshold of $50,000, and discount rate of 1.5% per annum 
were utilized. Scenario, deterministic and probabilistic sensitivity analyses were performed. The primary outcome was the incremental 
cost-effectiveness ratio (ICER) expressed as incremental cost per quality-adjusted life year (QALY) gained.

Results: For the base case scenario, TIRADS dominated the ATA2015 strategy by a slim margin, producing 0.005 more QALYs at $25 less 
cost. Results were sensitive to the malignancy rate of biopsy and the utilities of a patient with a benign nodule/subclinical malignancy or 
under surveillance. Probabilistic sensitivity analysis showed that TIRADS was the more cost-effective option 79.7% of the time.

Conclusion: The TIRADS guidelines may be the more cost-effective strategy by a small margin compared to ATA2015 in most sce
narios when used to risk stratify incidental thyroid nodules.
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INTRODUCTION

T hyroid nodules are commonly detected as incidental 
findings on imaging studies performed for other rea
sons, perhaps unsurprisingly as the estimated pre

valence of thyroid nodules in the general population is up to 
65% (1). While the risk of malignancy is low (approximately 

2–12%) (2–5) upon detection, radiologists are generally ob
ligated to suggest dedicated work-up in many cases, usually 
with ultrasound. Unfortunately, it can be challenging to dif
ferentiate between benign and malignant nodules with cer
tainty on ultrasound alone, and definitive diagnosis requires a 
fine needle aspiration (FNA) biopsy procedure. Most FNA 
biopsies will end up yielding benign cytology (6) and even 
when a thyroid malignancy is detected, in the majority of cases 
it follows an indolent course (7) and will not result in sig
nificant morbidity or mortality in a patient’s lifetime. Over the 
last 20–30 years, an increase in incidental thyroid nodule and 
thyroid cancer detection has paralleled a general increase in 
medical imaging utilization, contributing to what has been 
deemed an “epidemic of overdiagnosis of thyroid cancer”—an 
increase in incidence without any substantial increase in 
mortality (8). Concerns regarding overdiagnosis relate to 
consumption of healthcare resources such as tests and proce
dures (for example, thyroid FNA or surgery) which do not 
ultimately improve a patient’s health.

© 2024 The Association of University Radiologists. Published by Elsevier Inc. 
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The workup of thyroid nodules consumes a not insignif
icant proportion of ultrasound department resource usage, 
with diagnostic thyroid ultrasounds comprising approxi
mately 5–10% of daily volume at our institution and each 
FNA biopsy requiring at least 30 min of radiologist and as
sistant time. As most of these biopsies will ultimately be 
negative for malignancy, this raises the question of how we 
can better risk-stratify these thyroid nodules to reduce un
necessary FNA. There have been several risk stratification 
system (RSS) guidelines developed which have attempted to 
address this problem. Up until recently, the 2015 American 
Thyroid Association (ATA) guidelines (ATA2015) were 
widely used, proposing a “level of suspicion” hierarchy based 
on the nodule pattern on ultrasound with specific size 
thresholds for FNA at each level (9). The ATA2015 guide
lines can be unwieldy for practical use, however, and offered 
vague guidance on how to handle nodules which did not 
meet biopsy thresholds. 

In 2017, the American College of Radiology published 
the Thyroid Imaging Reporting and Data System (TIRADS) 
guidelines, which utilizes a point-based system to place a 
nodule into a TIRADS category from 1 to 5 based on ul
trasound features, and provides specific guidance as to when 
to perform FNA (generally narrower criteria compared to 
ATA) as well as when and how to manage surveillance of 
nodules which did not meet FNA criteria (10). A brief 
overview of the two guidelines is provided in Table 1. Due 
to its ease of use, TIRADS guidelines have been increasingly 
adopted in many North American radiology practices (11) 
and in many cases supplanted the ATA guidelines. However, 
it is not without its criticisms—in particular the concern that 
the trade-off of fewer biopsies would be a costly explosion of 
ultrasound surveillance for little benefit as well as greater 
potential for missed or delayed malignancy diagnoses (12). 
However, it is also possible that TIRADS could ultimately 
conserve resources by reducing both biopsies and subsequent 
investigations/surgeries of questionable necessity for a low- 
risk malignancy (13). 

As the TIRADS system is still relatively new, there is not 
yet robust evidence to support or refute these criticisms; its 
potential economic impact on the healthcare system—
especially compared to the ATA2015 guidelines—is still an 
open question. To our knowledge to date, there have been 
no published economic evaluations which specifically address 
this issue. The purpose of this study is to evaluate the cost- 
effectiveness of the TIRADS versus ATA2015 guidelines in 
the management of incidental thyroid nodules in adult pa
tients in the Canadian setting from a provincial (British 
Columbia, BC) public single-payer perspective. We hy
pothesize that TIRADS is the more cost-effective option; 
the costs of increased surveillance ultrasounds prescribed by 
TIRADS are outweighed by the reduction in costs of po
tentially unnecessary procedures without significant decre
ment in quality of life. 

METHODS 

Study Design 

Institutional ethics approval was obtained for this study. This 
study is a decision tree model-based cost-utility analysis, 
comparing the TIRADS versus the ATA2015 strategies to 
the primary outcome being the incremental cost per quality- 
adjusted-life-year (QALY) gained (the denominator QALY 
used to assess the patient health impacts). The QALY is a 
measure of disease impact which includes the length of life 
adjusted by a quality of life modifier (utility), with 1 equating 
to a year of perfect health and 0 equating to death by con
vention. A decision tree model structure (Fig 1) was chosen 
to reflect the clinical algorithm for both strategies (see Ap
pendix) and was developed in consultation with stakeholder 
clinicians in the fields of endocrine surgery and en
docrinology. A do-nothing alternative was not considered 
due to potential ethical questions and limited natural history 
literature. A publicly funded single payer perspective (Ca
nadian province of British Columbia Ministry of Health) is 
utilized for analysis, with inclusion of direct medical costs. 
Future events were discounted at a rate of 1.5% per annum as 
per Canadian Agency for Drugs and Technologies in Health 
(CADTH) recommendations (14). Standard software 
(Treeage Pro 2022) was used to construct the model and was 
also used to perform the base-case, scenario, and sensitivity 
analyses. 

The base case population is asymptomatic adult patients 
(18 yo and older) undergoing ultrasound assessment in 
British Columbia (BC), Canada for an incidentally dis
covered thyroid nodule measuring less than 4 cm on imaging 
performed for other reasons. The nodule has no definitive 
aggressive features such as extrathyroidal extension or neck 
adenopathy. There are no thyroid cancer risk factors such as 
a previous history of thyroid malignancy or neck radiation, 
and there are no comorbidities which would preclude sur
gery. The time horizon for the model is 5 years as this is the 
maximum surveillance length for uncomplicated nodules 
under TIRADS and while ATA2015 does not prescribe a 
surveillance length, it does note that there are “no follow-up 
studies of nodule growth that extend observation beyond 5 
years” (9) to inform the guidelines. 

Model Assumptions 

For the base case population, any patients with increased 
thyroid malignancy risk from baseline (i.e. prior history of 
thyroid cancer, neck radiation, FDG-avid nodules, neck 
adenopathy) or other factors which may complicate the 
treatment decision such as the presence of symptoms or 
comorbidities precluding surgery were excluded as the RSS 
guidelines may not apply. Nodules greater than 4 cm were 
also excluded as RSS guidelines may be irrelevant since 
surgery may be indicated regardless of biopsy result (15). For 
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patients with multiple nodules, only the highest suspicion 
nodule is considered as this would likely have the most 
impact on the associated costs and utilities. Additionally, 
most ATA2015 versus TIRADS head-to-head studies eval
uated performance at the individual nodule rather than pa
tient level. Although interobserver variability is a recognized 
issue (for example, in assigning echogenic foci and echo
genicity scores with TIRADS) (16,17), it is also assumed that 
there is negligible inter- and intra-observer variability in the 
assignment of TIRADS or ATA2015 classifiers, as this would 
otherwise be impractical to model directly. However, at least 
some of this variability is accounted for in the sensitivity 
analysis as a range of possible nodule assignment proportions 
is included. Additionally, there is also inherent redundancy 
in TIRADS and ATA which allows for a range of point 

assignments to result in the same TIRADS score (for 
TIRADS 4 or 5) and different nodule patterns resulting in 
the same ATA risk category which also helps to mitigate this. 

ATA2015 does not specify the interval or duration of 
surveillance for nodules which do not meet FNA criteria. 
For the base case, a single 1-year surveillance ultrasound was 
assumed as this was common practice as per expert opinion 
(M.Dahl, personal communication, Sept 2022). The ATA 
guidelines also provide an option to FNA biopsy or observe 
very low suspicion nodules greater than 2 cm—for the base 
case, it was assumed that these nodules were biopsied as is 
usually in case in practice as well as the cited literature. 

Due to the lack of data on the natural history and real- 
world management of nodules that are not initially biopsied 
under each strategy, it is assumed that (1) all nodules eligible 

Figure 1. Condensed decision tree model for TIRADS vs ATA2015 risk stratification systems in the assessment of incidental thyroid 
nodules. ATA, American Thyroid Association; FNA, fine needle aspiration; TIRADS, thyroid imaging reporting and data system. A more 
detailed version of the model is included in the Appendix. 
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for surveillance complete the initially prescribed surveillance 
schedule with the exception of nodules that are upgraded to 
meet FNA threshold, (2) any events including upgrading of 
nodules under surveillance, as well as death and metastases 
secondary to missed malignancy in nodules not followed up 
on average occur halfway through the 5-year time horizon 
(i.e. middle of year 3), and (3) the proportion of nodules 
under surveillance upgraded to FNA is the same regardless of 
initial nodule suspicion pattern (18). 

The handling of nondiagnostic (category I result using the 
standardized Bethesda system for reporting thyroid cyto
pathology (19)) and indeterminate (Bethesda III and IV) 
biopsies as well as when to perform a repeat biopsy when 
there is suspicion for false negative cytology were felt to be 
beyond the scope of this study for a few reasons:  

• These issues are not addressed in the TIRADS white 
paper 

• Some reference studies omitted nondiagnostic and in
determinate biopsies from their analyses (20)  

• The rate of nondiagnostic and indeterminate biopsies is 
not expected to differ dramatically between TIRADS and 
ATA2015. For example, in a prospective study of 492 
nodules, Koc et al (21) found 16.9% yielded Bethesda III 
cytology when FNA’ed under TIRADS criteria versus 
13.5% for ATA2015.  

• There is also variability in actual practice with respect to 
the management of these nodules which is also unlikely to 
be dependent on whether a nodule was initially assessed 
with TIRADS or ATA2015. 

As there is no evidence that there would be a substantive 
difference between the two strategies when it comes to in
determinate or nondiagnostic nodules, they would be un
likely to impact the final comparative results. Thus, a benign 
result on FNA biopsy was considered a terminal result, and 
both non-diagnostic biopsies and nodules with indeterminate 
histology were excluded. Of note, the cumulative incidence 
of Bethesda I, III, and IV results on FNA has been estimated 
to be between 14–38% (22,23). The risk of malignancy is 
assumed to be the same for nodules initially selected for FNA 
as well as those which are upgraded to FNA on surveillance. 

For the base case, it is assumed that a hemithyroidectomy 
is performed for all patients with a suspicious or malignant 
result on biopsy (i.e. Bethesda category V or VI result). This 
scenario was chosen as the vast majority of patients (ap
proximately 90%) will initially undergo hemithyroidectomy 
at our institution, and in general, this approach has become 
increasingly adopted over the last several years especially in 
patients without adverse features such as extrathyroidal ex
tension or lymph node metastases (24) as with the base case 
population. In practice, some patients may undergo an initial 
total or subsequent completion thyroidectomy depending on 
a number of factors including surgeon and patient pre
ference, nodule histology, nodal disease, the presence of 
extrathyroidal extension or molecular testing results (9). 

Attempting to account for all possibilities would un
necessarily overcomplicate the model, and data on the spe
cific break-down of patients who would be eligible for total 
or completion thyroidectomy was lacking in studies which 
directly compared TIRADS and ATA. More importantly, 
the surgical decision is generally independent of whether 
ATA or TIRADS was used to initially risk stratify the no
dule. The two major potential long-term complications of 
hemithyroidectomy were factored into the model, namely 
unilateral recurrent laryngeal nerve (RLN) injury and hy
pothyroidism. A wide upper range of costs was included in 
the sensitivity analyses to partly account for the potential 
increased costs of total/completion thyroidectomy and its 
complications. The sequence of events from FNA to surgery 
and any complications are assumed to occur within a year 
when determining QALYs. This is in line with the interim 
results of a clinical trial comparing nodule surveillance versus 
published by Wong et al which reported that the majority of 
interventions occurred during the 12-month follow-up 
period (25,26). 

Model Input Parameters 

Probabilities 
To populate the model probabilities, observational data were 
collected from our institution and a systematic literature 
review was performed (see Appendix). The primary moti
vation for the observational data collection was to supple
ment the lack of published data on (1) the distribution of 
ATA2015 and TIRADS management assignments in a po
pulation which only includes incidentally detected nodules 
and (2) the probability of a nodule initially assigned to sur
veillance by ATA2015 or TIRADS progressing to meet 
FNA thresholds during the surveillance period. Results were 
pooled from eligible studies + /- observational data (where 
appropriate) to determine the base case probabilities. 

For the observational component, retrospective data from 
200 consecutive patients who underwent initial ultrasound 
evaluation for an incidental thyroid nodule at our institution 
(a tertiary care academic hospital) from February 2018 to 
March 2019 was collected. Only the highest suspicion no
dule (highest TIRADS point score, with larger size as tie- 
breaker if required) was considered for each patient. For each 
nodule, the following data was recorded:  

• The TIRADS score originally assigned  
• An ATA2015 classification retrospectively assigned in 

consensus by two experienced ultrasound radiologists 
blinded to the initial TIRADS score.  

• Whether the nodule met FNA, surveillance, or no follow- 
up criteria as per TIRADS and ATA2015 guidelines 

For nodules that met surveillance criteria and had follow- 
up ultrasounds available (up to 5 years from the initial ul
trasound in line with the time horizon of the study), any that 
were subsequently upgraded to meet FNA biopsy thresholds 
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were also recorded. A summary of observational data results 
is included in the Appendix. 

For the systematic literature search, a Pubmed search was 
performed using the search string “(thyroid) AND ((thyroid 
imaging reporting and data system) OR (TIRADS) OR (TI- 
RADS)) AND ((American Thyroid Association) OR 
(ATA))”. Only studies on adult patients which directly 
compared ATA2015 and TIRADS guidelines for the same 
population of nodules were included. Studies at high risk for 
selection bias (for example, non-consecutive patients, only 
including patients who underwent surgery or referred to an 
oncology center), which did not have English full-text 
available, or had insufficiently detailed results to calculate 
probabilities were excluded. Other probabilities related to 
surgical outcomes were obtained from a separate thorough 
literature search. 

Costs 
All costs are in 2021 Canadian dollars, adjusted for inflation 
when required using the Bank of Canada Inflation Calculator  
(27). Costing methodology was performed in accordance 
with CADTH guidelines (28). Hospital costs were estimated 
from the Canadian Institute of Health Information (CIHI) 
patient cost estimator using Case Mix Group (CMG) code 
424 (Thyroid/Parathyroid/Thymus Intervention) for BC  
(29). Physician (including consult, diagnostic imaging, and 
procedural) costs and outpatient laboratory costs were de
rived from the British Columbia Ministry of Health pub
lished payment schedules (30,31). 

The included costs of FNA biopsy in BC include the pre- 
procedural ultrasound, mini tray fee, physician fee (both for 
the diagnostic ultrasound component and procedural com
ponent), and cytology. The included costs of surgery assumes 
a typical workup for a patient undergoing hemi
thyroidectomy at our institution as well as costs associated 
with the two major long-term surgical complications (i.e. 
hypothyroidism, unilateral RLN injury) including medica
tions, follow-up appointments and procedures). Indirect 
medical costs were not included. A detailed accounting of 
included costs is included in the Appendix. 

Utilities 
Utility values, ranges for sensitivity analyses, and distributions 
for health state utilities were sourced from a thorough review 
of limited available previously published work (25,32–41) 
and local expert opinion when unavailable in the literature. 
The baseline utility was assumed to be 1 for the purposes of 
this study as the reference patient is assumed to be asymp
tomatic with no significant comorbidities, and there is no 
expected difference in baseline utility between the two 
strategies. Transient quality of life decrements that are not 
expected to last more than 3 months (such as FNA-related 
anxiety/discomfort or short-term surgical complications) 
were not included due to the challenges of incorporating 
these into a decision tree format and they were not felt to 
have a significant impact on the calculated end QALYs. 

Data Analysis 

The statistical analyses were performed in accordance with 
the Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) statement (42) and Drummond et al  
(43). The base case costs and QALYs (under the previously 
noted assumptions) were determined for each of the 
ATA2015 and TIRADS guidelines, with the difference in 
costs divided by the difference in QALYs to calculate the 
incremental cost-effectiveness ratio (ICER) and which was 
the optimal strategy. A willingness to pay (WTP) threshold 
was assumed at $50,000 per QALY as is commonly cited in 
the Canadian context (44), with evaluation of a $30,000 per 
QALY threshold considered as an alternative scenario in 
sensitivity analyses as this has been estimated as an implicit 
WTP threshold by Claxton et al (45). 

Two additional sets of alternate scenarios were also eval
uated: The first set allowed for a more generous surveillance 
schedule of ultrasounds being performed every year for 5 
years for (1) all nodules meeting follow-up criteria under the 
ATA2015 strategy or (2) only the high suspicion nodules 
under ATA2015. Both scenarios were not uncommon at our 
institution (M.Dahl, personal communication, Sept 2022) prior 
to the release of the TIRADS guidelines given the lack of 
guidance regarding surveillance intensity and duration in the 
ATA2015 publication. The second set of alternate scenarios 
examine the effect of discounting at 0% and 3%, as re
commended by CADTH guidelines (14). Distributional and 
heterogeneity concerns are not addressed with this model as 
no subgroup analyses were performed. 

To explore the impact of uncertainty in the model, a series 
of univariate sensitivity analyses was performed and depicted as 
a Tornado diagram to examine how variation in parameters 
impacted the model and which were the most influential. 
Two-way sensitivity analyses were also performed for select 
parameters. The parameter ranges for sensitivity analysis were 
derived from previously published literature and observational 
data where available, with the maximum literature reported/ 
observational ranges informing the upper and lower bounds. 
For parameters where there was insufficient data: (1) costs 
ranges were assumed at 50% and 150% of the base case esti
mate (similar to the methodology of Venkatesh et al (36) to 
reflect wide variability in practice and patient/disease course, 
including the potential for increased costs of complications and 
downstream surgery); (2) probabilities were varied by up to 
+ /− 20% of the base case estimate. 

Probability sensitivity analysis was performed using a 
Monte Carlo simulation of 10,000 trials. Probability dis
tributions were assigned to each parameter as detailed in  
Table 2, specifically beta distributions for binomial prob
ability and utilities, Dirichlet for multinomial probabilities, 
and gamma for costs (43). The 5-year probability of metas
tases from untreated thyroid cancer and survival of untreated 
thyroid cancer were assumed as fixed values as the former is 
essentially 0 and the latter is based on large scale population 
data (46). Where there was insufficient published data to 
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determine distribution parameters: Gamma distributions 
(costs): the reference value was considered the mean, and 
50% of the reference value was assumed to represent 2 
standard deviations; Beta distributions: The reference value 
was considered the mean, while 10% of the reference value 
was considered 1 standard deviation. 

RESULTS 

The model input parameters are summarized in Table 2. 

Base Case and Scenarios 

In the base-case scenario, TIRADS dominated the ATA2015 
strategy by a small margin. Both produced near-equivalent 
QALYs with ATA2015 at a slightly increased cost compared 
to TIRADS (4.823 QALYs at $659 versus 4.828 QALYs at 
$634 respectively). The results of the alternative scenarios 
yield similar results, with TIRADS remaining dominant 
when the discount rate is varied at 0% and 3%, as well as 
when the more intense surveillance schedules for ATA2015 
nodules were considered (Table 3). 

Deterministic Sensitivity Analysis 

A tornado diagram in Figure 2 illustrates the results of 
multiple univariate sensitivity analyses, showing the top 10 
most influential parameters. 

The top two most influential parameters are the prob
abilities of a malignant result with FNA under the TIRADS or 
ATA2015 strategies; with TIRADS no longer cost-effective if 
greater than 20.6% of FNA biopsies under TIRADS or less 
than 7.4% under ATA2015 yield malignancy. If the WTP 
threshold is reduced to $30,000, TIRADS is no longer cost- 
effective if the previously mentioned values are at 19.7% and 
8.0% respectively. As these two parameters are influential in 
opposing directions but are expected to trend in the same 
direction (i.e. if the population has a higher background in
cidence of thyroid cancer, the malignant biopsy rate of 
ATA2015 and TIRADS would both increase), a two-way 
sensitivity analysis was performed to assess how these two 
parameters co-varied, demonstrating that at a WTP threshold 
of $50,000, TIRADS remains cost-effective even at the pre
viously determined threshold of a 20.6% TIRADS FNA 
malignancy rate of biopsy if the ATA2015 malignancy rate 
increases to greater than 10.3% or conversely, if the latter is at 
7.4% but the former decreases below 16.0%. 

The utilities of surveillance and benign nodule/subclinical 
disease were the third and sixth most influential variables re
spectively, with the former approaching but not reaching an 
incremental net monetary benefit (NMB) of 0 at its maximum 
value of 1. Given the small difference in QALYs gained in the 
base-case scenario and the majority of the QALY contribu
tions from these two utility values, a two-way sensitivity 
analysis was also performed (Fig 4), which showed that if the 
utility of a benign nodule/subclinical disease is reduced to 0.99 
instead of the base case estimate of 1.00, TIRADS is no longer T
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cost-effective if the utility of surveillance is higher than 0.99 at 
a WTP threshold of $50,000. 

Probabilistic Sensitivity Analysis 

PSA utilizing a Monte Carlo simulation showed that 
TIRADS was more cost-effective than ATA2015 in 79.7% 
of simulations at a WTP threshold of $50,000 per QALY 
(Fig 5). The majority of the scatterplot points are located in 
the north-west quadrant, indicating that ATA2015 is less 

effective with higher costs (i.e. TIRADS is dominant) in 
most of the simulation trials. The cost-effectiveness accept
ability curve (Fig 6) also shows that TIRADS is favored in 
over 60% of simulations at all WTP thresholds from $0 to 
$100,000. 

Stakeholder Engagement 

This study greatly benefited from multidisciplinary input 
from endocrine surgery and endocrinology specialists (see 

TABLE 3. Base Case and Scenario Analyses        

Strategy Cost (CAD$) Incremental Cost Effectiveness (QALY) Incremental Effectiveness ICER  

Base Case Analysis 
TIRADS 634,84   4.828   
ATA2015 659.46  24.62  4.823  -0.005 Dominated 
Discount rate 0% 
TIRADS 638.08   4.973   
ATA2015 661.06  22.98  4.968  -0.005 Dominated 
Discount rate 3% 
TIRADS 631.79   4.692   
ATA2015 657.95  26.16  4.687  -0.005 Dominated 
5-year annual ultrasound for high-suspicion nodules meeting surveillance criteria under ATA2015 
TIRADS 634.84   4.828   
ATA2015 665.65  31.01  4.823  -0.005 Dominated 
5-year annual ultrasound for all nodules meeting surveillance criteria under ATA2015 
TIRADS 634.84   4.828   
ATA2015 738.87  104.03  4.823  -0.005 Dominated 

ICER, incremental cost-effectiveness ratio.  

Figure 2. Incremental net monetary benefit tornado diagram (at a WTP threshold of $50,000) including the top 10 most influential para
meters. The parameter descriptions on the right are followed by the sensitivity analysis ranges. A parameter with a dark gray bar on the left 
and light gray bar on the right indicates an increasing value as the incremental NMB increases, and conversely decreasing value when the 
colors are reversed. The white numbers on the top two bars indicate the values of those variables at which the net monetary benefit equates 
to 0 (i.e. TIRADS is no longer cost-effective). TIRADS, thyroid imaging reporting and data system; WTP, willingness-to-pay. 
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Acknowledgments), particularly in helping to streamline the 
surgery-related decision nodes in the model and providing 
historical experience with thyroid nodule surveillance prac
tices prior to TIRADS being published. 

DISCUSSION 

Results Interpretation 

The study analyses favor the TIRADS strategy being more 
cost-effective than ATA2015 by a small margin in the ma
jority of cases. This remains the case when considering both 
ends of the spectrum of potential surveillance schedules 
under ATA2015, when the discount rate is varied from 0 to 
3%, and at WTP thresholds of $30,000 and $50,000. 

Although the model was found to be most sensitive to the 
rate of malignant biopsy under both strategies, they are in
fluential in opposing directions but would be expected to 
trend in the same direction (as explained in the results sec
tion), thus lessening the individual impact of either variable 
as seen with the two-way sensitivity analyses. 

The model was also sensitive to the estimated utilities of 
surveillance and subclinical disease or a known benign nodule. 
The less utility decrement experienced by a patient under 
surveillance or the more utility decrement experienced by the 
patient with a benign nodule/subclinical disease (perhaps due 
to anxiety), the less likely it is that TIRADS would be cost- 
effective. Given the small differences in incremental effec
tiveness between the two strategies, even small changes in 
either or both utility estimates could have a significant impact 
on the ICER as shown in the two-way sensitivity analyses. 

This relates to a major limitation of this study—namely the 
limited quality of life literature available to refer
ence—specifically there was a paucity of studies which use 
standardized quality of life assessment tools (such as the 
EuroQoL EQ-5D) in evaluating thyroid nodule outcomes 
and post-operative complications specific to hemi
thyroidectomy (32). The only relevant study utilizing such a 
tool at the time of writing was Wong et al (26) who estimated 
a mean utility decrement of 0.029 at 18 months of surveillance 
using EQ-5D-5 L, however, no longer term measurements 
were performed. Kebebew et al used a standard gamble 
method to estimate a limited number of surgical utilities (40). 
Most other primary sources appear to rely on expert opinion  
(33,35,39). This apparent gap in the literature would benefit 
from future study with further patient engagement. 

We initially hypothesized that there would be significantly 
fewer surgeries performed under the TIRADS strategy during 
the 5-year time horizon as more nodules undergo surveillance 
rather than biopsy. However, we found with rollback analysis 
of the base-case model that the probability of undergoing 
surgery for a malignant biopsy result was actually similar for 
both, 7.3% for ATA2015 versus 7.1% for TIRADS. This is 
likely because while fewer nodules meet FNA criteria under 
TIRADS compared to ATA2015, a higher percentage of 
these nodules are likely to yield a malignant result upon 
biopsy, consistent with other studies which have found that 
TIRADS has improved specificity for malignancy compared 
to ATA2015 (47). With the surgical costs being similar, the 
model suggests that the costs of increased surveillance in 
TIRADS are negated by the costs of increased benign biopsies 
in ATA2015 with similar effectiveness. 

Figure 3. Results of two-way sensitivity analysis varying the 
probability of FNA yielding malignant pathology under TIRADS and 
ATA2015. The dark gray and light gray regions indicate where 
ATA2015 or TIRADS respectively would be more cost-effective 
(assuming a WTP threshold of $50,000) at a given combination of 
values for the probability of malignant FNA result under each 
strategy. The graph indicates that TIRADS is more cost-effective 
over most of the combinations of values within the sensitivity 
ranges. ATA, American Thyroid Association; FNA, fine needle as
piration; TIRADS, thyroid imaging reporting and data system. 

Figure 4. Results of two-way sensitivity analysis varying the uti
lities of a patient with a nodule under surveillance versus a known 
benign nodule or subclinical disease. The dark gray and light gray 
regions indicate where ATA2015 or TIRADS would be more cost- 
effective (assuming a WTP threshold of $50,000), respectively. The 
graph indicates that TIRADS is more cost-effective over most of the 
combinations of values within the sensitivity ranges. ATA, American 
Thyroid Association; TIRADS, thyroid imaging reporting and data 
system; WTP, Willingness-to-pay. 
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Figure 5. Results of Monte Carlo probabilistic sensitivity analysis of 10,000 trials in scatterplot format of ATA2015 vs TIRADS at a WTP 
threshold of $50,000 per QALY (black dashed line). The majority of the points are located in the northwest quadrant, indicating less ef
fectiveness and higher costs associated with ATA2015 (i.e. TIRADS is dominant) in most simulations. The ellipse encompasses the 95% 
confidence interval. ATA, American Thyroid Association; QALY, quality adjusted life year; TIRADS, thyroid imaging reporting and data 
system; WTP, Willingness-to-pay. 

Figure 6. Cost-effectiveness acceptability curve of ATA2015 vs TIRADS. ATA, American Thyroid Association; TIRADS, thyroid imaging 
reporting and data system. 
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Assumptions and Related Limitations 

In general terms, any model-based economic analysis not 
directly tied to a clinical trial will necessarily require as
sumptions based on the available evidence with inherent 
uncertainty, yet modeling remains the most common ap
proach in cost-effectiveness studies due to practicality (48). 
Although a model cannot replicate what occurs in the real 
world exactly, it can give an idea of what may occur in 
common or plausible clinical scenarios. Full transparency 
regarding the model assumptions and a robust sensitivity 
analysis to test the model across a reasonable range of pos
sibilities are necessary. In the case of our study, there were 
several factors underlying the rationalization for the model 
assumptions, the first being that a decision analysis model 
comparing these two strategies is to our knowledge, without 
published precedent and thus there are no established models 
to build upon. 

Second, there is a scarcity of literature specifically evalu
ating incidentally discovered thyroid nodules that are risk- 
stratified using the ATA2015 and TIRADS guidelines, in
cluding the natural history of nodules which undergo sur
veillance under either strategy. One potential reason for this 
may be because the TIRADS guidelines were published 
relatively recently (in 2017) and may have taken some time 
to disseminate. Most studies comparing the two guidelines 
evaluate nodules that have already been biopsied, introdu
cing significant sampling bias and likely overestimating the 
malignancy rate. The study by Hoang et al (included in the 
model inputs) prospectively included unselected thyroid 
nodules from multiple institutions and was the closest ap
proximation of the intended study population (exclusion 
criteria included the history of thyroid cancer and nodules 
> 5 cm), however, it is unknown precisely what proportion 
of nodules in the study were incidentally discovered on 
imaging (49). It was for this reason that we supplemented the 
study with data from our own institution. These relative 
proportions would also be expected to vary with each jur
isdiction depending on the referral base and population in
cidence of thyroid cancer. 

Thirdly, there is significant variability in practice and 
many factors which impact the management of thyroid no
dules in terms of surveillance, decision to perform repeat 
biopsies, and cancer treatment that it would be impractical to 
model all possibilities. Some of the more notable exclusions 
in this model for these reasons include nodules for which 
there is a nondiagnostic or indeterminate result, where a 
repeat biopsy is indicated due to concern for a false negative 
result, molecular testing, and patients who initially undergo 
total thyroidectomy or require completion thyroidectomy 
after initial hemithyroidectomy. The model presented in this 
study represents some of the more common pathways, and 
we hope that future work can examine these additional 
scenarios. 

Regarding nondiagnostic and indeterminate FNA, it is 
interesting to note that indeterminate (Bethesda III/IV) 
nodules have a significant rate of diagnostic hemi
thyroidectomy (50) despite a malignancy rate of only 5–30%  
(9). Surgery is also recommended as an option for nodules 
with repeatedly non-diagnostic cytology (Bethesda I), with 
expected malignancy rate <  5% (9,51). The likelihood is that 
more absolute numbers of nondiagnostic and indeterminate 
nodules would be detected with ATA2015 as more patients 
undergo upfront biopsy with this strategy compared to 
TIRADS, thus one could speculate that inclusion of Be
thesda I/III/IV nodules might result in increased surgical 
costs for ATA2015 compared to TIRADS with little clinical 
or quality of life benefit. 

Other Limitations and Future Directions 

The 5-year time horizon of the study was also a limitation. 
While this was predicated on the 5-year maximum surveil
lance interval for nodules under the TIRADS strategy and 
assumed under the ATA2015 strategy, it omits the additional 
years of surveillance that may be required for nodules which 
are upgraded during surveillance (but remain beneath FNA 
threshold) and would not take into account any interventions 
that might occur afterward (for example, if a nodule on 
surveillance was found to be malignant at the end of the 5 
years and required surgery subsequently) or any disease 
progression that may occur after 5 years in malignant nodules 
which were not followed-up. However, the probability of a 
nodule under surveillance being found to be malignant was 
less than 1% under both strategies and the probability of 
death or metastases in missed malignancy was essentially 0%, 
thus even with these limitations it is unlikely that a longer 
time horizon would change the results substantially. This 
could be assessed in future models which could utilize a 10- 
year or even lifetime horizon when more data are available. 

Another limitation was that short-term costs and effects 
were not considered, including post-operative hematoma or 
utility decrement associated with FNA. However, the risk of 
the former is very low (1%) and the latter is generally tran
sient, with Wong et al showing no significant difference in 
utility decrement after 3 months between patients under
going FNA and surveillance (26). 

The model perspective from a publicly funded healthcare 
system in Canada may not be generalizable to other settings. 
Although a wide range of costs was considered in the sen
sitivity analyses, there may be settings where healthcare costs 
may be outside the range of those used in the study including 
privatized healthcare systems or developing economies. Most 
of the literature cited to estimate the model parameters were 
from American or Canadian institutions (where TIRADS is 
most in use), thus the model may not be as applicable to 
other geographic regions. Of note, the WTP threshold of 
$50,000 has historically been applied also in American 
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settings (currency conversion notwithstanding) though it has 
come under scrutiny for possibly being too low (52). The 
study is also limited to a single provincial single-payer per
spective, which would be most useful to inform regional 
standardization of thyroid nodule management in BC, 
however, a wider Canadian or societal perspective (the latter 
which could include impacts on work/home productivity 
and patient borne costs) would be of interest as an avenue for 
future study. This study has also helped to identify other gaps 
in the literature such as quality of life data relating to thyroid 
nodule management and studies specifically evaluating in
cidentally discovered nodules despite this being a common 
clinical scenario. 

The results of this study suggest that the utilization of 
TIRADS does not pose an economic disadvantage compared to 
ATA2015, and may be preferred for those who find the clarity 
of management recommendations and relative ease of use of 
TIRADS advantageous over ATA2015. It may also help to 
refute some of the concerns regarding the increased volume of 
surveillance and potential adverse outcomes from missed ma
lignancies under TIRADS. There are currently efforts un
derway to incorporate TIRADS with other RSSs and develop 
unified international guidelines (17), and it is our hope that this 
study will help encourage a greater economic consideration. 
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APPENDIX 

A.1.1: TIRADS vs ATA2015 Clinical Algorithms 

Graphical representation of the clinical pathways for 
TIRADS and ATA2015. ATA2015 discusses how to manage 
nodules after biopsy but this is outside the scope of the 
TIRADS white paper, thus downstream steps after FNA are 
omitted for clarity of comparison. 

FNA, fine needle aspiration; US, ultrasound  

. 

A.1.2: Detailed Decision Tree Model 

FNA, fine needle aspiration; US, ultrasound; RLN, re
current laryngeal nerve. 
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A.2: PRISMA diagram of systematic literature search 
results 

Used to populate model inputs related to TIRADS vs 
ATA2015 nodule risk stratification. 

A.3. Detailed Accounting of Model Input Costs     

Item Unit Cost (in 2021 
Canadian Dollars) 

Assumptions and References  

Thyroid ultrasound $68.54 MSP 08642(30) 
Thyroid FNA 
Diagnostic ultrasound fee $68.54 MSP 08642(30) 
Procedural fee $72.79 MSP S00744(30) 
Mini tray fee $5.22 MSP 00044(30) 
Cytology $94.24 OLS 93085(31) 
Uncomplicated hemithyroidectomy 
Physician Costs 
Surgeon pre-operative consult $108.85 MSP 02513(30) 
Surgeon pre-operative laryngoscopy $44.30 MSP 00909(30) 
Anesthesia pre-operative consult $60.85 MSP 01151(30) 
Surgeon cost for hemithyroidectomy $587.84 MSP V70742(30) 
Anesthesia cost for hemithyroidectomy $146.56 MSP 01174(30) (assuming 60 min, level 4 procedure) 
Surgeon post-operative appointments $209.7 MSP 02507(30) (assume 6x follow-up appointments in 5 years, first 2x 

every 6 months, then annually) 
Surgeon laryngoscopy at first post-operative ap

pointment. 
$44.30 MSP 00909(30) 

Hospital Costs 
Thyroid surgery hospital costs $4682.00 CIHI(28,29), CMG 424, British Columbia, 2019-2020 
Diagnostic/Lab Costs 
Surgical Pathology (thyroid lobectomy specimen) $103.20 L865(50) OHIP Fee Code* 
Post-operative surveillance ultrasounds $202.55 MSP 08642(30) (annually x 3 years) 
Annual TSH $48.04 OLS 92325(31) (annually for 5 years) 
Annual Thyroglobulin $135.38 OLS 92280(31) (annually for 5 years) 
Long-term hypothyroidism 
Thyroid hormone supplementation $194.82 Assume Synthroid 125 mcg once daily x 5 years(51) 
Long-term recurrent laryngeal nerve injury 
Injection laryngoplasty $637.82 MSP 02433(30), 2x every 6 months 
Medialization laryngoplasty $8839.95 MSP 02434 (surgeon fee) $637.88 

MSP 01151 (anesthesia consult) $60.85   
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