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Context: Ultrasound (US) risk-stratification systems for investigation of thyroid nodules may not be
as useful as anticipated.

Objective: We aimed to assess the performance and costs of the American College of Radiology
Thyroid Image Reporting And Data System (ACR-TIRADS).

Design, Settings and Participants: We examined the data set upon which ACR-TIRADS was de-
veloped, and applied TR1 or TR2 as a rule-out test, TR5 as a rule-in test, or applied ACR-TIRADS
across all nodule categories. We assessed a hypothetical clinical comparator where 1 in 10 nodules
are randomly selected for fine needle aspiration (FNA), assuming a pretest probability of clinically
important thyroid cancer of 5%.

Results: The gender bias (92% female) and cancer prevalence (10%) of the data set suggests it may
not accurately reflect the intended test population. Applying ACR-TIRADS across all nodule categories
did not perform well, with sensitivity and specificity between 60% and 80% and overall accuracy worse
than random selection (65% vs 85%). Test performance in the TR3 and TR4 categories had an accuracy
of less than 60%. Using TR5 as a rule-in test was similar to random selection (specificity 89% vs 90%).
Using TR1 and TR2 as a rule-out test had excellent sensitivity (97%), but for every additional person
that ACR-TIRADS correctly reassures, this requires >100 ultrasound scans, resulting in 6 unnecessary
operations and significant financial cost.

Conclusions: Perhaps surprisingly, the performance ACR-TIRADS may often be no better than random se-
lection. The management guidelines may be difficult to justify from a cost/benefit perspective. A prospective
validation study that determines the true performance of TIRADS in the real-world is needed.
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The diagnosis or exclusion of thyroid cancer is hugely challenging. A key factor is the low
pretest probability of important thyroid cancer but a higher chance of finding thyroid
cancers that are very unlikely to cause ill health during a person’s lifetime.

Thyroid nodules are common, affecting around one-half of the population and become in-
creasingly common with advancing age [1, 2]. A minority of these nodules are cancers. The
prevalence of incidental thyroid cancer at autopsy is around 10% [3]. The more carefully
one looks for incidental asymptomatic thyroid cancers at autopsy, the more are found [4],
but these do not cause unwellness during life and so there is likely to be no health benefit
in diagnosing them antemortem.

Among thyroid nodules detected during life, the often quoted figure for malignancy prev-
alence 1s 5% [5-8], with UptoDate quoting 4% to 6.5% in nonsurgical series [9], and it is
likely that only a proportion of these cancers will be clinically significant (ie, go on to cause
ill-health). It is very difficult to know the true prevalence of important, clinically consequen-
tial thyroid cancers among patients presenting with thyroid nodules. There are inherent
problems with studies addressing the issue such as selection bias at referral centers and
not all nodules having fine needle aspiration (FNA). In addition, changes in nomenclature
such as the recent classification change to noninvasive follicular thyroid neoplasm with
papillary-like nuclear features would result in a lower rate of thyroid cancer if previous
studies were reported using today’s pathological criteria. Data sets with a thyroid cancer
prevalence higher than 5% are likely to either include a higher proportion of small clinically
inconsequential thyroid cancers or be otherwise biased and not accurately reflect the true
population prevalence.

The detection rate of thyroid cancer has increased steeply with widespread utilization of
ultrasound (US) and frequent incidental detection of thyroid nodules with other imaging
modalities such as computed tomography, magnetic resonance imaging, and, more recently,
positron emission tomography-computed tomography, yet the mortality from thyroid cancer
has remained static [10, 11]. The implication is that US has enabled increased detection of
thyroid cancers that are less clinically important [11-13]. The health benefit from this is de-
batable and the financial costs significant.

Given that a proportion of thyroid cancers are clinically inconsequential, the challenge
is finding a test that can effectively rule-in or rule-out important thyroid cancer (ie, those
cancers that will go on to cause morbidity or mortality). If one accepts that the pretest prob-
ability of a patient presenting with a thyroid nodule having an important thyroid cancer is
5%, then clinicians who tell every patient they see that they do not have important thyroid
cancer will be correct 95% of the time. Any additional test has to perform exceptionally well
to surpass this clinician’s 95% negative predictive performance, without generating false
positive results and consequential harm.

Test training then validation data sets

To develop a medical test a typical process is to generate a hypothesis from which a proto-
type is produced. If it performs well enough, then the test is applied to a training set of data
to better establish performance characteristics. Once the test is considered to be performing
adequately, then it would be tested on a validation data set. The test may cycle back between
being used on training and validation data sets to allow for improvements and retesting.
The true test performance can only be established once the optimized test has been applied
to 1 or more validation data sets and compared with the existing gold standard test. These
final validation sets must fairly represent the population upon which the test is intended to
be applied because the prevalence of the condition in the test population will critically in-
fluence the test performance, particularly the positive predictive value (PPV) and negative
predictive value (NPV). Such validation data sets need to be unbiased. In a clinical setting,
this would typically be an unselected sample of the test population, for example a consecu-
tive series of all patients with a thyroid nodule presenting to a clinic, ideally across multiple
centers. The gold test standard would need to be applied for comparison.
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In the case of thyroid nodules, there are further challenges. A study that looked at all
nodules in consecutive patients (eg, perhaps FNA of every nodule > 10 mm) would be re-
quired to get an accurate measure of the cancer prevalence in those nodules that might not
typically get FNA. However, there are ethical issues with this, as well as the problem of
overdiagnosis of small clinically inconsequential thyroid cancer.

Whilst the details of the design of the final validation study can be debated, the need for
a well-designed validation study to determine the test characteristics in the real-world set-
ting is a basic requirement of any new test.

Methods

This study aimed to assess the performance and costs of the American College of Radiology
(ACR) Thyroid Image Reporting And Data System (TIRADS), by first looking for any im-
portant issues in the methodology of its development, and then illustrating the performance
of TIRADS for the initial decision for or against FNA, compared with an imagined clinical
comparator of a group in which 1 in 10 nodules were randomly selected for FNA. This
paper has only examined the ACR TIRADS system, noting that other similar systems exist
such as Korean TIRADS [14]and EU TIRADS [15]. We refer to ACR-TIRADS where data or
comments are specifically related to “ACR TIRADS” and use the term “TIRADS” either for
brevity or when comments may be applicable to other TIRADS systems.

Methodological concerns with ACR TIRADS data set

The main source data set for the ACR TIRADS recommendations was large and consisted of
US images and FNA results of more than 3400 nodules [16]. This data set was a subset of
data obtained for a previous study and there are no clear details of the inclusion and exclu-
sion criteria, including criteria for FNA. The data set was 92% female and the prevalence
of cancerous thyroid nodules was 10.3% (typical of the rate found on histology at autopsy,
and double the 5% rate of malignancy in thyroid nodules typically quoted in the most rel-
evant literature). Based on the methodology used to acquire the data set, the gender bias,
and cancer rate in the data set, it is unlikely to be a fair reflection of the population upon
which the test is intended to be applied, and so cannot be considered a true validation set.
Therefore, taking results from this data set and assuming they would apply to the real-
world population raises concerns.

Additional issues with the ACR TIRADS data set and guidelines

There are a number of additional issues that should be taken into account when examining
the ACR TIRADS data set and resultant management recommendations.

First, 10% of FNA or histology results were excluded because of nondiagnostic findings
[16]. These patients are not further considered in the ACR TIRADS guidelines. The actual
number of inconclusive FNA results in the real-world validation set has not been estab-
lished (because that study has not been done), but the typical rate is 30% (by this we mean
nondiagnostic [ie, insufficient cells], or indeterminate [ie, atypia of undetermined signifi-
cance (AUS)/follicular lesion of undetermined significance (FLUS)/follicular neoplasm/sus-
picious for follicular neoplasm [Bethesda I, III, IV]). For example, a previous meta-analysis
of more than 25,000 FNAs showed 33% were in these groups [17]. After repeat US-guided
FNA, some patients achieve a cytological diagnosis, but typically two-thirds remain indeter-
minate [18], accounting for approximately 20% of initial FNAs (eg, 10%-30% [12], 31% [19],
22% [20]). It is this proportion of patients that often go on to diagnostic hemithyroidectomies,
from which approximately 20% are cancers [12, 17, 21], meaning the majority (80%) end up
with ultimately unnecessary operations. The financial costs and surgical morbidity in this
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group must be taken into account when considering the cost/benefit repercussions of a test
that includes US imaging for thyroid cancer.

Second, the proportion of patients in the different ACR TIRADS (TR) categories may, or
may not, reflect the real-world population (Table 1). If one assumes that they do, then it
is important to note that 25% of patients make up TR1 and TR2 and only 16% of patients
make up TR5. Therefore, 60% of patients are in the middle groups (TR3 and TR4), where
the US features are less discriminatory. The consequences of these proportions are highly
impactful when considering the real-world performance of ACR-TIRADS.

Third, when moving on from the main study in which ACR TIRADS was developed [16]
to the ACR TIRADS white paper recommendations [22], the TIRADS model changed by
the addition of a fifth US characteristic (taller than wide), plus the addition of size cutoffs.
Therefore, the rates of cancer in each ACR TIRADS category in the data set where they used
four US characteristics can no longer be assumed to be the case using the 5 US characteris-
tics plus the introduction of size cutoffs. Methodologically, the change in the ACR-TIRADS
model should now undergo a new study using a new training data set (to avoid replicating
any bias), before then undergoing a validation study.

ACR TIRADS to rule out or rule in thyroid cancer

Putting aside any potential methodological concerns with ACR TIRADS, it may be helpful
to illustrate how TTIRADS might work if one assumed that the data set used was a fair ap-
proximation to the real-world population. Because the data set prevalence of thyroid cancer
was 10%, compared with the generally accepted lower real-world prevalence of 5%, one can
reasonably assume that the actual cancer rate in the ACR TIRADS categories in the real
world would likely be one-half that quoted from the ACR TIRADS data set, which we illus-
trate in the following section.

We are here imagining the consequence of 100 patients presenting to the thyroid clinic
with either a symptomatic thyroid nodule (eg, a nodule apparent to the patient from being
palpable or visible) or an incidentally found thyroid nodule. To show the best possible per-
formance of ACR TIRADS, we are comparing it to clinical practice in the absence of TIRADS
or other US thyroid nodule stratification tools, and based on a pretest probability of thyroid
cancer in a nodule being 5%, where 1 in 10 nodules are randomly selected for FNA. We chose
a 1in 10 FNA rate to reflect that roughly 5% of thyroid nodules are palpable and so would
likely go forward for FNA, and we considered that a similar number would be selected for
FNA based on clinical grounds such as other risk factors or the patient wishes. Furthermore,
we are presuming other clinical factors (ie, palpability, size, number, symptoms, age, gender,
prior radiation exposure, family history) add no diagnostic value above random selection.

Table 1. Data Set Used for Development of ACR TIRADS [16] and Used for This Paper The possible
cancer rate column is a crude, unvalidated estimate, calculated by proportionately reducing the
cancer rates by 10.3%: 5% to reflect the likely difference in the cancer rate in the data set used (10.3%)
and in the population presenting with a thyroid nodule (5%). These figures cannot be known for any
population until a real-world validation study has been performed on that population.

Cancer Prevalence Possible Cancer
in that TR Category Prevalence in that TR
% of Number of Number of (Overall Cancer Rate Category if Overall
TIRADS Number of Total Cancerous Benign in the Data Set was  Cancer Rate in Test

Category Nodules Nodules Nodules Nodules 10.3% Population is 5%
TR1 299 9% 1 298 0.3% 0.2%
TR2 548 16% 8 540 1.5% 0.7%
TR3 775 23% 37 738 4.8% 2.4%
TR4 1251 37% 114 1137 9.1% 4.6%
TR5 534 16% 183 351 34.3% 17.1%

Total 3407 100% 343 3064
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We realize that such factors may increase an individual’s pretest probability of cancer and
clinical decision-making would change accordingly (eg, proceeding directly to FNA), but
we here ascribe no additional diagnostic value to avoid overestimating the performance of
the clinical comparator. To further enhance the performance of TIRADS, we presume that
patients present with only 1 TR category of thyroid nodules. This allows patients with a
TR1 or TR2 nodule to be reassured that they have a low risk of thyroid cancer, rather than a
mixture of nodules (not just TR1 or TR2) not being able to be reassured. This assumption is
obviously not valid and favors TIRADS management guidelines, but we believe it is helpful
for clarity and illustrative purposes.

We first estimate the performance of ACR TIRADS guidelines’ recommended approach
to the initial decision to perform FNA, by using TR1 or TR2 as a rule-out test, or using
TR5 as a rule-in test because applying TIRADS at the extremes of pretest cancer risk
(TR1 and TR2 for lowest risk, and TR5 for highest risk), is most likely to perform best.
For this, we do not take in to account nodule size because size is not a factor in the
ACR TIRADS guidelines for initial FNA in the TR1 and TR2 categories (where FNA is
not recommended irrespective of size) or in the TR5 category (except in TR5 nodules
of 2 0.5 cm to < 1.0 cm, in which case US follow-up is recommended rather than FNA).
Second, we then apply TIRADS across all 5 nodule categories to give an idea how TIRADS
is likely to perform overall. For this, we do take into account the nodule size cutoffs but
note that for the TR3 and TR4 categories, ACR TIRADS does not detail how it chose the
size cutoffs of 2.5 cm and 1.5 cm, respectively. These cutoffs are somewhat arbitrary, with
conflicting data as to what degree, if any, size is a discriminatory factor. Many studies
have not found a clear size/malignancy correlation, and where it has been found, the
magnitude of the effect is modest. There are even data showing a negative correlation be-
tween size and malignancy [23]. Perhaps the most relevant positive study is from Korea,
which found in a TR4 group the cancer rate was no different between nodules measuring
between 1-2 cm (22.3%) and those 2-3 cm (23.5%), but the rate did increase above 3 cm
(40%) [24]. In the TR3 category, there was a gradual difference in cancer rate in those
1-2 cm (6.5%), and those 2-3 cm (8.4%) and those > 3 cm (11.3%). To illustrate the effect
of the size cutoffs we have given 2 examples, 1 where the size cutoffs are not discrimi-
natory and the cancer rate is the same above and below the size cutoff, and the second
example where the cancer risk of the nodule doubles once the size goes above the cutoff.
The 2 examples provide a range of performance within which the real test performance
is likely to be, with the second example likely to provide TIRADS with a more favorable
test performance than in the real world. For the calculations, we assume an approximate
size distribution where one-third of TR3 nodules are = 25 mm and half of TR4 nodules
are = 15 mm. We have also assumed that all nodules are at least 10 mm and so the TR5
nodule size cutoff of 5 mm does not apply.

For TIRADS to add clinical value, it would have to clearly outperform the compar-
ator (random selection), particularly because we have made some assumptions that favor
TIRADS performance. We have also estimated the likely costs associated with using the
ACR TIRADS guidelines, though for simplicity have not included the costs of molecular
testing for indeterminate nodules (which is not readily available in the New Zealand public
health system) nor any US follow-up and associated costs.

Results

We have detailed the data set used for the development of ACR TIRADS [16] in Table 1,
plus noted the likely cancer rates in the real world if one assumes that the data set cancer
prevalence (10.3%) is double that in the population upon which the test is intended to be
used (pretest probability of 5%).

Using TIRADS as a rule-out cancer test would be the finding that a nodule is TR1
or TR2 and hence has a low risk of cancer, compared with being TR3-5. Whereas using
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TIRADS as a rule-in cancer test would be the finding that a nodule is TR5, with a suf-
ficiently high chance of cancer that further investigations are required, compared with
being TR1-4.

The summary of test performance of random selection, ACR TIRADS as a rule-out test,
ACR TIRADS as a rule-in test, and ACR TIRADS applied across all TIRADS categories
are detailed in Table 2, and the full data, definitions, and calculations are given elsewhere
[25].

ACR TIRADS as a rule-out test

We found better sensitivity, PPV, and NPV with TIRADS compared with random selection
97% vs 1%, 13% vs 1%, and 99% vs 95%, respectively), whereas specificity and accuracy
were worse with TIRADS compared with random selection (27% vs 90%, and 34% vs 85%,
respectively (Table 2)[25].

ACR TIRADS as a rule-in test

We found sensitivity and PPV with TIRADS was poor, but was better than random selection
(sensitivity 53% vs 1%, and PPV 34% vs 1%) whereas specificity, NPV, and accuracy was no
better with TIRADS compared with random selection (specificity 89% vs 90%, NPV 94% vs
95%, and accuracy 85% vs 85%), Table 2 [25].

ACR TIRADS across all nodule categories

ACR TIRADS performed poorly when applied across all 5 TR categories, with specificity
lower than with random selection (63% vs 90%). PPV was poor (20%), NPV was no better than
random selection, and accuracy was worse than random selection (65% vs 85%). Sensitivity
of ACR TIRADS was better than random selection, between 74% to 81% (depending on
whether the size cutoffs add value) compared with 1% with random selection. However,
most of the sensitivity benefit is due to the performance in the TR1 and TR2 categories,
with sensitivity in just the TR3 and TR4 categories being only 46% to 62%, depending on
whether the size cutoffs add value (data not shown).

Cost estimates of ACR TIRADS as a rule-out test

For a rule-out test, sensitivity is the more important test metric. A negative result with
a highly sensitive test is valuable for ruling out the disease. Therefore, using TIRADS
categories TR1 or TR2 as a rule-out test should perform very well, with sensitivity of the
rule-out test being 97%. However, in the data set, only 25% of all nodules were categorized
as TR1 or TR2 and these nodules harbored only 1% of all thyroid cancers (9 of 343). So just
using ACR TIRADS as a rule-out test could be expected to leave 99% of undiagnosed cancers
amongst the remaining 75% of the population, in whom the investigation and management
remains unresolved.

If one assumes that in the real world, 25% of the patients have a TR1 or TR2 nodule,
applying TIRADS changes the pretest 5% probability of cancer to a posttest risk of 1%, so
the absolute risk reduction is 4%. Therefore, for every 25 patients scanned (100/4 = 25)
and found to be either TR1 or TR2, 1 additional person would be correctly reassured that
they do not have thyroid cancer. However, given that TR1 and TR2 make up only 25% of
the nodules, then to find 25 nodules that are TR1 or TR2, you would need to do 100 scans.
So, the number needed to scan (NNS) for each additional person correctly reassured is 100
(NNS = 100). This is likely an underestimate of the number of scans needed, given that not
all nodules that are TR1 or TR2 will have purely TR1 or TR2 nodules on their scan. For
those that also have 1 or more TR3, TR4, or TR5 nodules on their scan, they cannot have
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thyroid cancer ruled out by TIRADS because the possibility that their non-TR1/TR2 nodules
may be cancerous is still unresolved.

If you do 100 (or more) US scans on patients with a thyroid nodule and apply the ACR
TIRADS management guidelines for FNA, this results in costs and morbidity from the
resultant FNAs and the indeterminate results that are then considered for diagnostic
hemithyroidectomy. The costs depend on the threshold for doing FNA. If you assume that
FNA is done as per reasonable application of TIRADS recommendations (in all patients
with TR5 nodules, one-half of patients with TR4 nodules and one-third of patients with TR3
nodules) and the proportion of patients in the real world have roughly similar proportion of
TR nodules as the data set used, then 100 US scans would result in FNAs of about one-half
of all patients scanned (of data set, 16% were TR5, 37% were TR4, and 23% were TR3, so
FNA number from 100 scans = 16 + (0.5 x 37) + (0.3 X 23) = 42). Given the need to do more
than 100 US scans to find 25 patients with just TR1 or TR2 nodules, this would result in at
least 50 FNAs being done.

For every 100 FNAs performed, about 30 are inconclusive, with most (eg, 20% of
the original 100) remaining indeterminate after repeat FNA and requiring diagnostic
hemithyroidectomy. Ultimately, most of these turn out to be benign (80%), so for every 100
FNAs, you end up with 16 (100 x 0.2 x 0.8) unnecessary operations being performed.

Therefore, compared with randomly selecting 1in 10 nodules for FNA, using ACR TIRADS
to correctly rule out thyroid cancer in 1 additional patient would require more than 100 US
scans (NNS > 100) to find 25 TR1 and TR2 patients, triggering at least 40 additional FNAs
and resulting in approximately 6 additional unnecessary diagnostic hemithyroidectomies
at significant economic and personal costs. The financial cost depends on the health system
involved, but as an example, in New Zealand where health care costs are modest by interna-
tional standards in the developed world, compared with randomly selecting 1 in 10 nodules
for FNA, using ACR TIRADS would result in approximately NZ$140,000 spent for every
additional patient correctly reassured that he or she does not have thyroid cancer [25].

Cost estimates of ACR TIRADS as a rule-in test

The more important test metric for diagnosing a disease is the specificity, where a positive
test helps rule-in the disease. The specificity of TIRADS is high (89%) but, perhaps surpris-
ingly, is similar to randomly selecting of 1 in 10 nodules for FNA (90%).

If one decides to FNA every TR5 nodule, from the original ACR TIRADS data set, 34%
were found to be cancerous, but note that this data set likely has double the prevalence of
thyroid cancer compared with the real-world population.

TR5 in the data set made up 16% of nodules, in which one-half of the thyroid cancers
(183/343) were found. This equates to 2-3 cancers if one assumes a thyroid cancer preva-
lence of 5% in the real world. To find 16 TR5 nodules requires 100 people to be scanned (as-
suming for illustrative purposes 1 nodule per scan). So, for 100 scans, if FNA is done on all
TR5 nodules, this will find one-half of the cancers and so will miss one-half of the cancers.

Performing FNA on TR5 nodules is a relatively effective way of finding thyroid cancers.
However, if the concern is that this might miss too many thyroid cancers, then this could be
compared with the range of alternatives (ie, doing no tests or doing many more FNAs). If a
clinician does no tests and no FNAs, then he or she will miss all thyroid cancers (5 people
per 100). Thus, the absolute risk of missing important cancer goes from 5% (with no FNAs)
to 2.5% using TIRADS and FNA of all TR5, so NNS = 100/2.5 = 40. Alternatively, if random
FNAs are performed in 1 in 10 nodules, then 4.5 thyroid cancers (4-5 people per 100) will
be missed. Thus, the absolute risk of missing important cancer goes from 4.5% to 2.5%, so
NNS =100/2 = 50.

Compared with randomly doing FNA on 1 in 10 nodules, using ACR TIRADS and doing
FNA on all TR5 requires NNS of 50 to find 1 additional cancer. This comes at the cost of
missing as many cancers as you find, spread amongst 84% of the population, and doing 1 ad-
ditional unnecessary operation (16 X 0.2 X 0.8 = 2.6, minus the 1.6 unnecessary operations
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resulting from random selection of 1 in 10 patients for FNA [25]), plus the financial costs
involved. The cost of seeing 100 patients and only doing FNA on TR5 is at least NZ$100,000
(compared with $60,000 for seeing all patients and randomly doing FNA on 1 in 10 patients),
so being at least NZ$20,000 per cancer found if the prevalence of thyroid cancer in the pop-
ulation is 5% [25]. The optimal investigation and management of the 84% of the population
harboring the remaining 50% of cancer remains unresolved.

The other one-half of the cancers that are missed by only doing FNA of TR5 nodules will
mainly be in the TR3 and TR4 groups (that make up 60% of the population), and these
groups will have a 3% to 8% chance of cancer, depending upon whether the population prev-
alence of thyroid cancer in those being tested is 5% or 10%. If the proportions of patients in
the different TR groups in the ACR TIRADs data set is similar to the real-world population,
then the prevalence of thyroid cancer in the TR3 and TR4 groups is lower than in the overall
population of patients with thyroid nodules. The performance of any diagnostic test in this
group has to be truly exceptional to outperform random selection and accurately rule in or
rule out thyroid cancer in the TR3 or TR4 groups. TIRADS does not perform to this high
standard. Following ACR TTRADS management guidelines would likely result in approx-
imately one-half of the TR3 and TR4 patients getting FNAs ((0.5 X 37) + (0.3 x 23) = 25, of
total 60), finding up to 1 cancer, and result in 4 diagnostic hemithyroidectomies for benign
nodules (25 X 0.2 x 0.8 = 4). The more FNAs done in the TR3 and TR4 groups, the more in-
determinate FNAs and the more financial costs and unnecessary operations.

Given that ACR TIRADS test performance is at its worst in the TR3 and TR4 groups,
then the cost-effectiveness of TIRADS will also be at its worst in these groups, in particular
because of the false-positive TIRADS results.

Of note, we have not taken into account any of the benefits, costs, or harms associated
with the proposed US follow-up of nodules, as recommended by ACR-TTRADS. The US fol-
low-up is mainly recommended for the smaller TR3 and TR4 nodules, and the prevalence
of thyroid cancer in these groups in a real-world population with overall cancer risk of 5%
is low, likely < 3%. The chance of finding a consequential thyroid cancer during follow-up
is correspondingly low. It is also relevant to note that the change in nodule appearance
over time is poorly predictive of malignancy. At best, only a minority of the 3% of cancers
would show on follow-up imaging features suspicious for thyroid cancer that correctly pre-
dict malignancy. Some cancers would not show suspicious changes thus US features would
be falsely reassuring. The vast majority of nodules followed-up would be benign (>97%), and
so the majority of FNAs triggered by US follow-up would either be benign, indeterminate,
or false positive, resulting in more potential for harm (16 unnecessary operations for every
100 FNAs).

Discussion

The cost-effective diagnosis or exclusion of consequential thyroid cancer is an everyday
problem faced by all thyroid clinicians. The challenge of appropriately balancing the risks
of missing an important cancer versus the chance of causing harm and incurring significant
costs from overinvestigation is major. Those working in this field would gratefully welcome
a diagnostic modality that can improve the current uncertainty.

The TIRADS reporting algorithm is a significant advance with clearly defined objective
sonographic features that are simple to apply in practice. The ACR-TIRADS guidelines also
provide easy-to-follow management recommendations that have understandably generated
momentum. Unfortunately, the collective enthusiasm for welcoming something that appears
to provide certainty has perhaps led to important flaws in the development of the models
being overlooked. ACR TIRADS has not been applied to a true validation set upon which it
is intended to be used, and therefore needs to be considered with caution when applying it
to the real-world situation. The current ACR TIRADS system changed from that assessed
during training, with the addition of the taller-than-wide and size criteria, which further
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questions the assumption that the test should perform in the real world as it did on a the
initial training data set.

The low pretest probability of important thyroid cancer and the clouding effect of small
clinically inconsequential thyroid cancers makes the development of an effective real-world
test incredibly difficult. Any test will struggle to outperform educated guessing to rule out
clinically important thyroid cancer. The NNS for ACR TIRADS is such that it is hard to jus-
tify its use for ruling out thyroid cancer (NNS > 100), at least on a cost/benefit basis. Using
ACR-TIRADS as a rule-in test to identify a higher risk group that should have FNA is ar-
guably a more effective application. Quite where the cutoff should be is debatable, but any
cutoff below TR5 will have diminishing returns and increasing harms. A TR5 cutoff would
have NNS of 50 per additional cancer found compared with random FNA of 1 in 10 nodules,
and probably a higher NNS if one believes that clinical factors can increase FNA hit rate
above the random FNA hit rate.

Whilst we somewhat provocatively used random selection as a clinical comparator, we
do not mean to suggest that clinicians work in this way. Clinicians should be using all
available data to arrive at an educated estimate of each patient’s pretest probability of
having clinically significant thyroid cancer and use their clinical judgment to help ad-
vise each patient of their best options. This approach likely performs better than ran-
domly selecting 1 in 10 nodules for FNA, but we intentionally made assumptions that
would favor the performance of ACR TIRADS to illustrate that if a poor clinical com-
parator cannot clearly be beaten, then the clinical value that such new systems bring is
correspondingly poor.

This study has many limitations. It is limited by only being an illustrative example that
does not take clinical factors into account such as prior radiation exposure and clinical
features. The ACR TIRADS management flowchart also does not take into account these
clinical factors. It would be unfair to add these clinical factors to only the TIRADS arm or
only to the clinical comparator arm, and they would cancel out if added to both arms, hence
they were omitted. As noted previously, we intentionally chose the clinical comparator to
be relatively poor and not a fair reflection of real-world practice, to make it clearer to what
degree ACR TIRADS adds value.

The ACR TIRADS white paper [22] very appropriately notes that the recommendations
are intended to serve as guidance and that professional judgment should be applied to
every case including taking into account factors such as a patient’s cancer risk, anxiety,
comorbidities, and life expectancy. However, the ACR TIRADS flow chart with its sharp
cutoffs conveys a degree of certainty that may not be valid and may be hard for the clinician
to resist. If a guideline indicates that FNA is recommended, it can be difficult to oppose this
based on other factors. Such guidelines do not detail the absolute risk of finding or missing
a cancer, nor the often excellent outcome of the treatment of thyroid cancer, nor the poten-
tial for unnecessary operations. Such data should be included in guidelines, particularly if
clinicians wish to provide evidence-based guidance and to obtain truly informed consent for
any action that may have negative consequences.

Another clear limitation of this study is that we only examined the ACR TIRADS
system. Other similar systems are in use internationally (eg, Korean-TTRADS [14] and
EU-TIRADS [15]). These appear to share the same basic flaw as the ACR-TIRADS, in that
the data sets of nodules used for their development is not likely to represent the popula-
tion upon which it is intended for use, at least with regard to pretest probability of malig-
nancy (eg, malignancy rate 12% for Korean TIRADS [26]; 18% and 31% for EU TIRADS
categories 4 and 5 [27, 28]). Attempts to compare the different TIRADS systems on data
sets that are also not reflective of the intended test population are similarly flawed (eg,
malignancy rates of 41% [29]). Other limitations include the various assumptions we have
made and that we applied ACR TIRADS to the same data set upon which is was devel-
oped. However, these assumptions have intentionally been made to favor the expected
performance of ACR-TIRADS, and so in real life ACR-TIRADS can be expected to perform
less well than we have illustrated.
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The key next step for any of the TIRADS systems, and for any similar proposed test
system including artificial intelligence [30-32], is to perform a well-designed prospective
validation study to measure the test performance in the population upon which it is in-
tended for use. Such a study should also measure any unintended harm, such as finan-
cial costs and unnecessary operations, and compare this to any current or gold standard
practice against which it is proposed to add value. It should also be on an intention-to-test
basis and include the outcome for all those with indeterminate FNAs. Until a well-designed
validation study is completed, the performance of TIRADS in the real world is unknown.
The figures that TIRADS provide, such as cancer prevalence in certain groups of patients,
or consequent management guidelines, only apply to populations that are similar to their
data set.

It is interesting to see the wealth of data used to support TIRADS as being an effec-
tive and validated tool. Many of these papers share the same fundamental problem of not
applying the test prospectively to the population upon which it is intended for use. Instead,
it has been applied on retrospective data sets, with cancer rates far above 5%, rather than
on consecutive unselected patients presenting with a thyroid nodule [33]. It has been retro-
spectively applied to thyroidectomy specimens, which is clearly not representative of the pa-
tient presenting with a thyroid nodule [34-36], and has even been used on the same data set
used for TTRADS development, clearly introducing obvious bias [32, 37]. These publications
erroneously add weight to the belief that TIRADS is a proven and superior model for the
investigation of thyroid nodules.

A recent meta-analysis comparing different risk stratification systems included 13,000
nodules, mainly from retrospective studies, had a prevalence of cancer of 29%, and even in
that setting the test performance of TIRADS was disappointing (eg, sensitivity 74%, spec-
ificity 64%, PPV 43%, NPV 84%), and similar to our estimated values of TIRADS test per-
formance [38].

Whilst our findings have illustrated some of the shortcomings of ACR TIRADS guidelines,
we are not able to provide the ideal alternative. In a cost-conscious public health system,
one could argue that after selecting out those patients that clearly raise concern for a high
risk of cancer (ie, from history including risk factors, examination, existing imaging) the
clinician could reasonably inform an asymptomatic patient that they have a 95% chance of
their nodule being benign. If a patient was happy taking this small risk (and particularly
if the patient has significant comorbidities), then it would be reasonable to do no further
tests, including no US, and instead do some safety netting by advising the patient to return
if symptoms changed (eg, subsequent clinically apparent nodule enlargement). If a patient
presented with symptoms (eg, concerns about a palpable nodule) and/or was not happy
accepting a 5% pretest probability of thyroid cancer, then further investigations could be
offered, noting that US cannot reliably rule in or rule out thyroid cancer for the majority
of patients, and that doing any testing comes with unintended risks. The chance of finding
cancer is 1 in 20, whereas the chance of testing resulting in an unnecessary operation is
around 1 in 7. Those wishing to continue down the investigative route could then have US,
using TIRADS or ATA guidelines or other measures to offer some relative risk-stratification.
Until TIRADS is subjected to a true validation study, we do not feel that a clinician can cur-
rently accurately predict what a TIRADS classification actually means, nor what the most
appropriate management thereafter should be.

Conclusion

The findings that ACR TIRADS has methodological concerns, is not yet truly validated,
often performs no better than random selection, and drives significant costs and potential
harm, are very unsettling but result from a rational and scientific assessment of the foun-
dational basis of the ACR TIRADS system. TIRADS can be welcomed as an objective way to
classify thyroid nodules into groups of differing (but as yet unquantifiable) relative risk of
thyroid cancer. However, the consequent management guidelines are difficult to justify at
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least on a cost basis for a rule-out test, though ACR TIRADS may provide more value as a
rule-in test for a group of patients with higher cancer risk. A robust validation study is re-
quired before the performance and cost-benefit outcomes of any of the TIRADS systems can
be known. There remains the need for a highly performing diagnostic modality for clinically
important thyroid cancers.
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