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Summary
Background The diagnosis of cancer in Bethesda III/IV thyroid nodules is challenging as fine-needle aspiration
(FNA) has limitations, and these cases usually require diagnostic surgery. As approximately 77% of these nodules
are not malignant, a diagnostic test accurately identifying benign thyroid nodules can reduce “potentially unneces-
sary” surgery rates. We have previously reported the development and validation of a microRNA-based thyroid classi-
fier (mir-THYpe) with high sensitivity and specificity, which could be performed directly from FNA smear slides. We
sought to evaluate the performance of this test in real-world clinical routine to support clinical decisions and to
reduce surgery rates.

Methods We designed a real-world, prospective, multicentre study. Molecular tests were performed with FNA sam-
ples prepared at 128 cytopathology laboratories. Patients were followed-up from March 2018 until surgery or until
March 2020 (patients with no indication for surgery). The final diagnosis of thyroid tissue samples was retrieved
from postsurgical anatomopathological reports.

Findings A total of 435 patients (440 nodules) classified as Bethesda III/IV were followed-up. The rate of avoided
surgeries was 52¢5% for all surgeries and 74¢6% for “potentially unnecessary” surgeries. The test achieved 89¢3%
sensitivity, 81¢65% specificity, 66¢2% positive predictive value, and 95% negative predictive value. The test supported
92¢3% of clinical decisions.

Interpretation The reported data demonstrate that the use of the microRNA-based classifier in the real-world can
reduce the rate of thyroid surgeries with robust performance and support clinical decision-making.
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Research in context

Evidence before this study

We have previously reported the development and vali-
dation of a microRNA-based molecular classifier (mir-
THYpe) for thyroid nodules with indeterminate cytology
with high sensitivity and specificity, which can be per-
formed directly from readily available cytological smear
slides without the need for a new dedicated FNA and at
a significantly lower cost. Despite the high performance
observed in this retrospective study, a prospective
approach assessing the test performance in the real
clinical practice was needed to validate its true potential
to reduce thyroid surgeries and support clinical deci-
sions. We performed a systematic search for studies (by
title and abstract) evaluating the performance or the
clinical utility of thyroid molecular diagnostic tests that
classify indeterminate nodules and included articles or
conference abstracts published from January 1, 2000 to
January 31, 2022, in English, Portuguese, or Spanish. We
used the PubMed and the Scientific Electronic Library
Online (SciELO) for articles and world conferences of
the American Thyroid Association (ATA), European Thy-
roid Association (ETA), Latin American Thyroid Society
(LATS), and World Congress on Thyroid Cancer (WCTC)
for abstracts/posters. Search terms included (with or
without the Boolean AND) “thyroid nodule,” “thyroid
cancer,” “indeterminate thyroid nodule,” “molecular
classifiers,” “gene-expression,” “miRNA OR microRNA,”
“DNA mutation(s),” “expression profile,” “real-world,”
“clinical utility,” and “clinical validation.” Next, we fil-
tered the validation studies on molecular classifier tests
that are currently available for commercial use in the
clinical setting published by the providers. We were not
able to identify a real-world, prospective, multicentre
study on microRNA-based thyroid molecular classifiers,
highlighting the clear need for a study evaluating their
real impact on supporting clinical decisions and reduc-
ing thyroid surgery rates.

Added value of this study

In this real-world evidence, prospective, multicentre
study, 435 patients with 440 Bethesda III/IV nodules
were tested and followed-up. Clinical samples (FNA
smear slides) used for molecular testing were prepared
at 128 cytopathology laboratories. The rate of avoided
surgeries was 52¢5% for all surgeries and 74¢6% for
“potentially unnecessary” surgeries. The mir-THYpe test
achieved 89¢3% sensitivity (CI95% 82�94¢3), 81¢65%
specificity (CI95% 76¢6�86), 66¢2% positive predictive
value (CI95% 60¢3�71¢7), and 95% negative predictive
value (CI95% 91¢7�97) at 28¢7% (CI95% 24¢3�33¢5)
cancer prevalence. The test supported 92¢3% of clinical
decisions.

Implications of all the available evidence

The reported data demonstrate that the use of a micro-
RNA-based classifier in the real-world can reduce the
rates of thyroid surgeries with robust performance com-
parable to other well-established thyroid molecular

classifiers and support clinical decision-making. Cost-
effectiveness analyses of the test’s financial impact and
healthcare system savings are under development, and,
together with the present data, will help guide new
policies.
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Introduction
Thyroid cancer has increased in the last few decades,
and it ranks as the ninth most-incident cancer world-
wide.1 Although there is consensus that overdiagnosis is
the main reason for increased incidence2,3 mainly due
to incidental thyroid nodules found on imaging screen-
ings performed for reasons other than thyroid disease
evaluation,4 there has also been a true increase in the
occurrence of thyroid cancer.5

Fine-needle aspiration (FNA) cytology is the current
gold standard for triaging patients with suspicious thy-
roid nodules detected clinically or on ultrasound
(US),6�8 and the six-tier Bethesda System for Reporting
Thyroid Cytopathology attempts to standardise cytopa-
thologic analysis.9

Approximately 64% of histologically diagnosed thy-
roid cancer nodules were initially classified on FNA
cytology as Bethesda V or VI, with a combined risk of
malignancy (RoM) of 91% (only 1¢1 surgeries required
to detect one case of cancer).10 Although the proportion
of histologically diagnosed thyroid cancer nodules ini-
tially classified on FNA cytology as “indeterminate”
(Bethesda III and IV) is lower (»29%), the combined
RoM for these two classes is about 23% only,10 implying
that around 77% of surgeries are “potentially unneces-
sary” and could have been reconsidered or avoided (4¢4
surgeries required to detect one case of cancer).

Molecular testing has emerged as an option to
reduce the need for diagnostic surgery in indeterminate
thyroid nodules,8 being recommended by the American
Thyroid Association (ATA)11 and the National Compre-
hensive Cancer Network (NCCN)12 guidelines. We have
recently reported the development and validation of a
new microRNA-based thyroid molecular classifier test
for a precision endocrinology (mir-THYpe) with high
sensitivity and specificity, which could be performed
directly from readily available cytological smear slides at
a significantly lower cost, without the need for a new
dedicated FNA.13,14

We present data of a real-world, prospective, and
multicentre study to evaluate the support of mir-THYpe
results on clinical decisions and on reducing surgery
rates in real-world clinical settings and to analyse its per-
formance on Bethesda III and IV nodules.

Methods

Study design and patient data
As we conducted a real-world study to prospect evidence
of the utility and performance of the test, patients
www.thelancet.com Vol 82 Month , 2022
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eligible for this study were consecutive and had a signed
medical prescription for the use of a mir-THYpe test
performed in clinical routine with at least one thyroid
nodule previously biopsied by FNA and classified as
Bethesda III or IV. Ultrasound features and cytological
analysis were just considered by the physicians who pre-
scribed the test. We did not interfere with patient selec-
tion or exclusion. After molecular test results, patients
were assigned to one of the two groups: Group A under-
went thyroidectomy (tests performed March/
2018�March/2020); Group B did not undergo thyroid
surgery (tests performed March/2018�October/2019,
follow-up in March/2020). Patients initially assigned to
Group B subsequently undergoing thyroidectomy were
included in Group A.

Patients who underwent thyroid surgery but for
whom we could not obtain original postsurgical anato-
mopathological (AP) reports were excluded. Samples in
which the FNA cytology report and other characteristics,
such as size and location, did not correlate with the nod-
ule described in the AP report were also excluded from
the performance analysis.
Ethics
Patients were 18 years or older, provided written
informed consent, and paid out-of-pocket for the test.
The study was approved by the institution’s Research
Ethics Committee and listed under CAAE number
39107520.0.0000.0106.
Samples
Other pathologists did not revise the FNA cytology
Bethesda classes and the postsurgical histological classi-
fication of resected nodules. The FNA smear slides of
the 440 samples (used for the mir-THYpe test �
Figure 1, box c) were prepared, and the Bethesda classes
were assigned by 128 cytopathology laboratories (Sup-
plementary Figure S1). All fixation and staining proto-
cols of the FNA cytology smear slides are eligible for the
mir-THYpe test. The samples were sent without tem-
perature control (room-temperature). Thyroidectomy
AP reports were used as reference standard (gold-stan-
dard), when available. The 168 postsurgical AP reports
with the histological classification of nodules (Figure 1,
boxes h and o) were assigned by 53 pathology laboratories.
Although the benign/indolent behaviour of the non-inva-
sive follicular thyroid neoplasms with papillary-like
nuclear features (NIFTPs),15 its diagnosis is established
only after applying post-surgery stringent histological cri-
teria.14 Therefore, we consider NIFTPs as “malignant” tis-
sues and positive tests were considered true positives.
Molecular analysis
The mir-THYpe molecular classifier test was performed
according to the previously described method.13 A 12th
www.thelancet.com Vol 82 Month , 2022
microRNA (miR-375) was also analysed to screen for
medullary thyroid cancer.16 No mutation or DNA analy-
ses were performed on the samples. Due to its prospec-
tive nature, the present study could only be compared
with other prospective studies performed by commer-
cial test suppliers.
Statistics
Statistical analyses were performed using the R soft-
ware, an open-source statistical programming environ-
ment. The confidence intervals for sensitivity,
specificity, and accuracy were the “exact” Clop-
per�Pearson confidence intervals, and the confidence
intervals for the predictive values were the standard logit
confidence intervals.17 Confidence intervals for the
means were calculated using the method described by
Walline.18 The Bayes’ theorem used to calculate the neg-
ative predictive value (NPV) of non-resected nodules
was based on Hall.19 Consecutive unblinded sampling
without randomization was applied in order to meet the
inclusion/exclusion criteria described on “Study design
and patient data” and the real-world and prospective
design aimed for this study.
Role of funders
The funder (Onkos) designed the study with assistance
from academic researchers. The funder (Onkos) aided
in data collection, analysis, and interpretation, and in
report writing. More than one author had full access to
all the data from the study and verified the data reported
in the manuscript. The corresponding author had final
responsibility for the decision to submit for publication
and the authors were not precluded from accessing data
in the study and accepted responsibility for submitting
for publication.
Results

Patient and nodule characteristics
A total of 481 real-world patients with 488 nodules (1¢01
nodule/patient) and a medical prescription for the mir-
THYpe test provided written informed consent. Of
these, 39 nodules (8%) were excluded due to loss to fol-
low-up. Eight nodules (1¢6%) classified as Bethesda V
and one nodule (0¢2%) classified as Bethesda II were
also excluded (Figure 1, box b) (only Bethesda III/IV
nodules were accepted for this study). The remaining
440 nodules classified as Bethesda III and IV, from 435
patients (1¢01 nodules/patient), which fulfilled all initial
inclusion criteria described in study design and patient
data, were categorised according to the mir-THYpe test
results (Figure 1 and Table 1).

Although the mir-THYpe test was negative for
malignancy in 239 samples (Benign Call Rate [BCR] of
54¢3%), 17 nodules (7¢1%) underwent thyroidectomy
3



Figure 1. Patients and Nodules Exclusion Flow Chart. AP, anatomopathological; FNA, fine-needle aspiration; NIFTP, non-invasive
follicular thyroid neoplasm with papillary-like nuclear features.
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(Group A), (nine previously classified as Bethesda III
[52¢9%], and eight as Bethesda IV [47¢1%]). The mean
age of these 17 patients was 49 years, the mean nodule
size was 1¢8 cm, and the mean test-to-surgery time was
170 days; for details, see Supplementary Table S1. The
mean age of the other 222 patients (92¢9%) (Group B)
was 52 years. The mean follow-up time was 412¢9 days.
Of these, 117 nodules (52¢7%) were classified as
Bethesda III and 105 (47¢3%) as Bethesda IV; Supple-
mentary Table S2 presents the 95% confidence intervals
and ranges. Follow-up times are described in Supple-
mentary Table S3.

The mir-THYpe test was positive for malignancy in
201 samples (Positive Call Rate [PCR] of 45¢7%), and
184 nodules (91¢6%) were surgically treated (Group A).
However, 25 nodules (13¢6%) were excluded due to lack
of access to the original postsurgical AP report, and
eight samples (4¢3%) were excluded because the punc-
tured nodule described in the FNA cytology did not
correlate with the nodule(s) described in the postsurgi-
cal AP report (all AP reports described at least one
benign and one malignant nodule and limited informa-
tion on nodule side, position and size were provided,
making the exact correlation impossible). Of the
remaining 151 resected nodules (82¢1%), 83 were previ-
ously classified as Bethesda III (55%) and 68 as
Bethesda IV (45%). The mean age of the patients was
49 years, the mean nodule size was 1¢13 cm, and the
mean test-to-surgery time was 79 days. The mean age
of the other 17 patients (8¢4%) (Group B) was 54 years,
and the mean follow-up time was 359¢6 days. Among
them, 13 nodules (76¢5%) were classified as Bethesda III
and four (23¢5%) as Bethesda IV; Supplementary Table
S2 presents the 95% confidence intervals and ranges.
Test-to-surgery and follow-up times are described with
periods in Supplementary Table S3.

Overall, the “typical” profile of a real-world patient
referred for the mir-THYpe test was women (82%),
www.thelancet.com Vol 82 Month , 2022



mir-THYpe test result

Variable Total Negative Positive

Cohort, No (%)

Nodules Bethesda III/IV 440 239 (54¢3) 201 (45¢7)
Unique Patientsa 435 - -

Sex, No (%)

Male 79 (18) 50 (63¢3) 29 (36¢7)
Female 361 (82) 189 (52¢4) 172 (47¢6)

Age, No (%), y

20-54 252 (57¢3) 124 (49¢2) 128 (50¢8)
� 55-90 188 (42¢7) 115 (61¢2) 73 (38¢8)

Bethesda Classesb, No (%)

AUS/FLUS (III) 247 (56¢1) 126 (51) 121 (49)

FN/SFN (IV) 193 (43¢9) 113 (58¢5) 80 (41¢5)
Nodule sizec, No (%), cm

< 2¢00 145 (86¢3) 12 (70¢6) 133 (88¢1)
2¢00-4¢00 21 (12¢5) 4 (23¢5) 17 (11¢3)
> 4¢00 2 (1¢2) 1 (5¢9) 1 (0¢7)

Nodule Lobe Position, No (%)

Left 175 (39¢8) 83 (47¢4) 92 (52¢6)
Right 236 (53¢6) 139 (58¢9) 97 (41¢1)
Isthmus 29 (6¢6) 17 (58¢6) 12 (41¢4)

Table 1: Demographic and clinical characteristics of the study cohort.
a Five patients with two nodules. One patient with both nodules with negative result. One patient with both nodules with positive result. Three patients with

one nodule with negative and the other with a positive result.
b According to the origin pathology lab (real-world).
c Nodule sizes were retrieved only by the postsurgical AP reports.

AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FN/SFN, follicular or oncocytic (H€urthle cell) neoplasm/sus-

picious for a follicular or oncocytic (H€urthle cell) neoplasm; No, number of.

Articles
younger than 55 years (57¢3%), with a Bethesda III (56¢
1%) thyroid nodule <2 cm (86¢3%). Table 1 displays the
demographic and clinical characteristics of the study
cohort.
Test performance
Table 2 summarises the test performance across all 168
resected nodules according to the histopathological type
found post-surgery.

All 17 samples with negative results treated with sur-
gery, regardless of Bethesda class, were confirmed as
benign lesions (true negatives) in the postsurgical AP
reports, achieving an overall NPV of 100% (one-side
CI97¢5% 80¢5�100). This result must be interpreted
with caution because the sample size was too small
(patients with a negative test usually do not receive a
surgery recommendation). This result included four
H€urthle cell adenomas (23¢5% [CI95% 6¢8�49¢9]).

Of the 151 resected nodules with positive results
included in the final analysis, 100 nodules were con-
firmed as cancer/NIFTP lesions (true positives) in the
postsurgical AP report, including nine NIFTPs (9%
[CI95% 4¢2�16¢4]) and one medullary carcinoma (1%
[CI95% 0¢02�5¢5]), achieving an overall positive
www.thelancet.com Vol 82 Month , 2022
predictive value (PPV) of 66¢2% (CI95% 60¢3�71¢7).
Splitting the results by cytological class when the mir-
THYpe test was positive, 52 of the 83 Bethesda III (62¢
7%), and 48 of the 68 Bethesda IV nodules (70¢6%)
were accurately classified. Fifty-one nodules showed
false-positive results due to benign tissue identified in
the postsurgical AP reports (33.8% [CI95% 26¢3�41¢9]).

Overall, the test accuracy was 70% (CI95% 62�76¢5)
as it accurately classified 117 of the 168 resected samples.

Although expected, the small number of resected
test-negative nodules impaired the realistic calculation
of the sensitivity and NPV (both at 100%). To minimise
this effect, we performed a theoretical calculation based
on the Bayes’ theorem,19 applying the sensitivity
observed during the validation study13 (94¢6%) to the
222 non-resected nodules with test-negative results
(Figure 1, box f), resulting in 210 true negatives and 12
false negatives. In this scenario (base case), the mir-
THYpe test achieved 89¢3% sensitivity (CI95% 82�94¢
3), 81¢65% specificity (CI95% 76¢6�86), 66¢2% PPV
(CI95% 60¢3�71¢7), and 95% NPV (CI95% 91¢7�97) at
a 28¢7% (CI95% 24¢3�33¢5) disease prevalence (Table 3).
Sensitivity analysis in other two scenarios, excluding the
17 test-negative resected-nodules (scenario #1) and ana-
lysing all the 239 test-negative nodules (regardless of
5



FNA smear slides Bethesda classes

mir-THYpe result / Postsurgical tissue AUS/FLUS (III) FN/SFN (IV) Total

Test-Negative nodules 9 8 17

Malignant - False Negatives, No (%) 0 (0%) 0 (0%) 0 (0%)

Benign - True Negatives, No (%) 9 (100%) 8 (100%) 17 (100%)

H€urthle cell adenoma 2 2 4

Follicular Adenoma 1 3 4

Adenomatous goitre / follicular hyperplasia - 2 2

Colloid goitre 5 1 6

Hashimoto’s thyroiditis 1 - 1

Test-Positive nodules 83 68 151

Malignant - True Positives, No (%) 52 (62¢7) 48 (70¢6) 100 (66¢2%)

Papillary carcinoma, usual type 23 7 30

Papillary carcinoma, follicular variant 16 30 46

Papillary carcinoma, H€urtle cell variant 2 1 3

NIFTPa 6 3 9

Follicular carcinoma, microinvasive 4 5 9

Follicular carcinoma, widely invasive - 1 1

Follicular carcinoma, H€urtle cell variant - 1 1

Medullary carcinoma 1 - 1

Benign - False Positives, No (%) 31 (37¢3) 20 (29¢4) 51 (33¢8%)

H€urthle cell adenoma 4 3 7

Follicular Adenoma 10 11 21

Adenomatous goitre / follicular hyperplasia 9 5 14

Colloid goitre 6 1 7

Hashimoto’s thyroiditis 2 - 2

Total 92 (54¢8%) 76 (45¢2%) 168 (100%)

Table 2: Performance of microRNA-based molecular classifier according to histopathological subtype.
a Considering positive test result for NIFTP as correct classification.

NIFTP, Non-invasive follicular thyroid neoplasm with papillary-like nuclear features; AUS/FLUS, atypia of undetermined significance/follicular lesion of

undetermined significance; FN/SFN, follicular or oncocytic (H€urthle cell) neoplasm/suspicious for a follicular or oncocytic (H€urthle cell) neoplasm; No, num-

ber of.

Postsurgical tissue class, no Test performance

Result Cancer+NIFTP Benign Analytical parameter % CI95%

Positive 100 51 Sensitivity 89¢3 82-94¢3
Specificity 81¢6 76¢6�86

Negative 12a 210a +17 (227)a NPV 95¢0 91¢7�97

PPV 66¢2 60¢3�71¢7

Table 3: Calculated performance of microRNA-based molecular classifier in cytologically indeterminate thyroid nodules.
a Theoretical values, considering the published sensitivity (13) of 94¢6% for the 222 test-negative not surgically resected nodules.

CI, Confidence Interval; NPV/PPV, Negative/Positive Predictive Value; NIFTP, Non-invasive follicular thyroid neoplasm with papillary-like nuclear features;

No, number of.
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the 17 test-negative resected-nodules surgery results)
(scenario #2) demonstrated that the test NPV range
from 81¢6 to 99¢2% at a 95% confidence interval, (See
Supplementary Table S5).
Clinical decisions support and surgery reduction rates
The mir-THYpe test supported 93% of clinical decisions
when the result was negative for malignancy (222
nodules with no surgery, out of 239 test-negatives). Pos-
itive test results supported 91¢5% of clinical decisions
(184 nodules treated surgically, out of 201 test-posi-
tives). Overall, the mir-THYpe test supported 92¢3% of
clinical decisions (406/440 cases).

To calculate the rates of total avoided surgeries
among the 440 eligible patients, we assumed that 423
would have undergone thyroidectomy if no molecular
test were available (we subtracted 17 patients not treated
www.thelancet.com Vol 82 Month , 2022
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surgically, despite a positive result � Figure 1, box k). Of
these, 222 patients avoided surgery (Figure 1, box f),
resulting in 52¢5% (CI95% 47¢6�57¢3) of all surgeries.

Following Figure 1, we considered that 280 patients
(17 [box e] + 222 [box f] + 51 [box o]) had a benign nodule
and would undergo a “potentially unnecessary” surgery
if no molecular test were available. As we could not
assume that all 222 samples from box f were truly
benign, based on the Bayes’ theorem,19 we applied the
sensitivity observed in the validation study13 (94¢6%)
and estimated that around 210 samples were true-nega-
tive nodules in this cohort, resulting in a total of 268
patients who would have undergone a “potentially
unnecessary” surgery if no molecular test were avail-
able. Considering that only 68 patients (17 [box e] + 51
[box o]) were surgically treated, the mir-THYpe test
avoided 74¢6% (CI95% 69�79¢2) of “potentially
unnecessary” surgeries.
Discussion
The present study aimed to prospectively evaluate the
real-world performance, the support on clinical deci-
sions, and the true potential of a previously described
microRNA-based thyroid molecular classifier for avoid-
ing surgeries in a multicentre cohort.13

Although randomised controlled trials (RCTs) are
considered the gold standard for analysing the efficacy
of therapies, in order to associate cause and effect due
to control groups, they can be limited to a subset of
patients who could not be fully representative of the
unselected real-world patients.22�24 Real-world evi-
dence studies might better represent routine practice,
providing a valuable reflection on the range and distri-
bution of patients observed in clinical practice and
including the bias of mis-classification due to physician
judgement during clinical care.23�25 A real-world evi-
dence study design can tell physicians which results
they might experience in practice, providing a clear view
of which level of support in clinical decisions the molec-
ular tests can provide.

The analysed specimens belonged to patients for
whom a physician considered the molecular testing a
clinical indication in real-world, thus avoiding the bias
of including retrospective samples based on the
Bethesda classification only. Another advantage was
that the FNA smear slides were sent at room-tempera-
ture. The FNA smear slides were prepared at 128 cytopa-
thology laboratories, ensuring a highly heterogeneous
sample cohort. As summarised in Table 1, patient dem-
ographics and nodule characteristics corroborated the
expected real-world proportions, as illustrated in the
“typical” patient profile described above. Lastly, patient
and physician received the molecular test results before
deciding the next step (unlike blinded studies in which
all nodules are resected, and test support in clinical deci-
sions is unmeasurable). Therefore, we could follow the
www.thelancet.com Vol 82 Month , 2022
patients and observe the real impact of their more-
informed clinical decisions and test utility on surgery
avoidance. The support of the mir-THYpe test on real-
world clinical decision-making (92¢3% overall) re-
emphasises that the Bethesda categories III and IV pres-
ent a challenge for physicians to decide the best option
for their patients, with 74¢5% of “potentially unneces-
sary” surgeries being avoided, suggesting that the
molecular test could minimise this problem and poten-
tially improve the efficiency of the healthcare system.

However, our study had limitations. Due to the real-
world study design, we were not able to collect impor-
tant pre-test nodule risk characteristics, such as ultraso-
nographic characteristics of the nodules, and, in
Bethesda III cases, to identify whether the tested sample
was from the first FNA or from the repeat FNA. The
lack of these pre-test data limited our conclusions for
what nodule risk characteristics might have been prefer-
entially selected by physicians during clinical practice.
The multicentre design made it difficult to closely moni-
tor patients as they were not centralised to a few institu-
tions, and there was limited access to other clinical
parameters. Ideally, non-operated patients should be fol-
lowed with US at least to identify possible nodule pro-
gression suggestive of management changes. Although
the physicians routinely monitored the patients, we had
restricted access. Therefore, we had to limit the follow-
up monitoring according to whether the patient under-
went thyroid surgery or not and we could not access the
reasons why the 17 test-negative patients underwent
surgery and the 17 test-positive patients were not surgi-
cally treated (clinical decision or patients’ choice). We
were also unable to collect nodule size of the non-oper-
ated patients, limiting the understanding of the profile
of patients undergoing the test in real-world. Moreover,
we did not review the patients’ FNA or AP slides in
order to guarantee the real-world approach, even though
we assumed the risk of potential misclassifications at
the pathology laboratories. Finally, as most patients
who tested negative did not undergo thyroid surgery
(222/239, 93%), we did not have the statistical power to
evaluate the performance of negative results (mainly
sensitivity and NPV). Although all 17 resected nodules
with negative results were confirmed benign, the sam-
ple size impaired the confidence on 100% sensitivity
and NPV. However, the statistical adjustment based on
Bayes’ theorem applied (described above on Results) for
the 222 test-negative samples to minimise this effect
and calculate the test performance was valid as the sen-
sitivity of a diagnostic test is a parameter not influenced
by disease prevalence. Thus, in this specific and sup-
posed scenario, the present study achieved an NPV of
95%, which seems realistic (similar to the NPV of
95¢9% observed in the previous validation study).13 The
sensitivity analysis of the data in other two supposed
scenarios (See Supplementary Table S5) also suggests a
high NPV of the mir-THYpe test in real-world, but not
7
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at 100%, as observed in the small cohort of 17 test-nega-
tive resected nodules, all with benign histology.

The statistical parameters used to analyse the perfor-
mance of a test are crucial in determining practical
applications and clinical adoption. To evaluate the real-
world performance of the mir-THYpe test, we contex-
tualised it with the results of prospective studies on the
latest version of two leading commercially available thy-
roid molecular classifier tests, the ThyroSeq v320 and
Afirma GSC.21 We also compared the molecular tests
results with the performance of the FNA alone using
data from a meta-analysis.10

ThyroSeq v3 and Afirma GSC are the two main thy-
roid molecular classifiers available, widely adopted
worldwide with proven clinical impact, but restricted in
poor countries due to price and logistics. Hence, we
compared the mir-THYpe test performance observed in
this study with prospective studies describing the per-
formance of the latest version of these two tests.20,21

Based on the true positives for each test, the mir-THYpe
achieved similar performance to the ThyroSeq v3 test
(62¢7% vs. 64%, 70¢6% vs. 68¢1%, and 66¢2% vs. 66%
for Bethesda III, IV, and overall, respectively) and better
performance than the Afirma GSC in all scenarios (62¢
7% vs. 44¢7%, 70¢6% vs. 47¢4%, and 66¢2% vs. 45¢8%
for Bethesda III, IV, and overall). In practical and quan-
titative terms, when either mir-THYpe or ThyroSeq v3
is used alongside FNA indeterminate cytology, around
1¢5 surgeries are required to identify one cancer patient.
If Afirma GSC is chosen, 2¢18 surgeries are required to
identify one cancer patient (1¢45 more than when using
mir-THYpe) and 4¢43 surgeries are required with FNA
alone (2¢94 more than adding mir-THYpe) (See Supple-
mentary Table S4). Based on the NPV of each test, the
mir-THYpe achieved similar performance (95%) to Thy-
roSeq v3 (97%) and Afirma GSC (96%). Moreover, the
sample type requested to perform the test is also rele-
vant, because if no material was stored from the first
FNA (frozen), ThyroSeq v3 and Afirma GSC need a new
and dedicated FNA. Furthermore, delicate logistics
operations are needed as samples must be refrigerated
and delivered on time. Although ThyroSeq v3 is under
validation for FNA smear slides, the available results are
limited to only 31 samples, with different performance
depending on slide staining (Papanicolaou, 100%; Diff-
Quick, 65%; and overall, 81%).26 Furthermore, FNA
smear slides were not used for the prospective study
validation.20
Conclusion
The reported data demonstrate over a heterogeneous
and large cohort of patients that the real-world use of
the mir-THYpe test can reduce surgery rates for
Bethesda III and IV indeterminate cytology nodules
and support clinical decisions. Moreover, the real-world
test performance is robust and comparable to other
well-established thyroid molecular classifiers. Further-
more, it can be performed using already available cytol-
ogy smear slides at a significantly lower cost. Cost-
effectiveness analyses of the test’s financial impact and
healthcare system savings are under development, and
together with the present data, will help guide new
policies.
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