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Background: Molecular testing is increasingly used to refine the probability of cancer and assess recurrence
risk in thyroid nodules with Bethesda III/IV fine needle aspiration (FNA) cytology. However, limited data exist
for Bethesda V (suspicious for malignancy [SFM]) samples. This study evaluated the performance of ThyroSeq
v3 (TSv3) in thyroid nodules with SFM cytology.
Methods: In this single-institution retrospective cohort study, consecutive thyroid FNA samples diagnosed as
SFM with TSv3 testing and known surgical outcome were identified. Clinical, pathology, and molecular
findings were reviewed. The TSv3 Cancer Risk Classifier was used to determine molecular risk groups (MRGs).
For test-negative cases diagnosed as cancer/noninvasive follicular thyroid neoplasm with papillary-like nuclear
features, TSv3 was performed on the resected tumors.
Results: Among 128 SFM samples studied, 100 (78.1%) were TSv3 positive, and 28 (21.9%) were negative. The
cancer prevalence on surgery was 82.8%. Among test-positive samples, 95% were malignant and 5% benign.
Among test-negative samples, 17 (60.7%) were benign and 11 (39.3%) malignant. Overall, TSv3 had a sensitivity
of 89.6% (confidence interval; CI 82.4–94.1) and a specificity of 77.3% (CI 56.6–89.9). For a cancer prevalence of
50–75% expected in SFM cytology by the Bethesda system, the negative predictive value was expected to range
from 71.2% to 88.1% and the positive predictive value from 79.8% to 92.2%. Among test-positive nodules, 20%
were MRG-Low (mostly RAS-like alterations), 66% MRG-Intermediate (mostly BRAF-like alterations), and 14%
MRG-High. Among patients with cancer, 65 (61.3%) were American Thyroid Association low risk, 25 (23.6%)
intermediate risk, and 6 (5.7%) high risk. During the mean follow-up of 51.2 months (range: <1 to 470 months), 12
(13.0%) patients had disease recurrence, which was more common in MRG-High (54.6%) compared with MRG-
Intermediate (9.5%) and MRG-Low (0%) cancers ( p < 0.001). Upon reexamining tumors with false-negative
results, half of evaluable cases had alterations likely missed due to limiting FNA sampling, and the remainder
represented low-risk tumors. Potentially targetable alterations were identified in 10 samples.
Conclusions: In this large series of SFM thyroid nodules, TSv3 further improved cancer prediction and detected
RAS-like, BRAF-like, high-risk, and potentially targetable alterations, all of which may inform more optimal
patient management. MRGs were associated with recurrence-free survival, offering potential preoperative cancer
risk stratification.
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Introduction

Molecular testing (MT) is increasingly used to refine
the probability of cancer or noninvasive follicular

thyroid neoplasm with papillary-like nuclear features
(NIFTP) and assess recurrence risk in thyroid nodules with
indeterminate fine needle aspiration (FNA) cytology. These
indeterminate categories include atypia of undetermined
significance/follicular lesion of undetermined significance
(Bethesda III), follicular neoplasm/suspicious for follicular
neoplasm (Bethesda IV), and suspicious for malignancy
(SFM, Bethesda V) based on The Bethesda System for Re-
porting Thyroid Cytopathology (TBSRTC).1 Anywhere from
10% to 40% of thyroid FNA samples may have an indeter-
minate cytology diagnosis.1 Among those, SFM cytology
nodules carry the highest probability of malignancy, esti-
mated to be 50–75%, yet a significant proportion of these
nodules are benign.1

Several molecular tests are currently available commer-
cially in the United States for clinical testing of thyroid FNA
samples, including Afirma Genomic Sequencing Classifier
(GSC) (Veracyte, Inc.), ThyraMIR/ThyGeNEXT (Interpace
Diagnostics), and ThyroSeq v3 (TSv3) (UPMC/Sonic
Healthcare). However, the validation studies for these tests
largely focused on Bethesda III/IV samples, with only a
limited number of SFM samples included, precluding eval-
uation of performance characteristics for this sample type.2–4

Several studies have analyzed more SFM samples but did
not contain surgical outcome data, precluding evaluation of
test performance or utility.5,6 The Afirma Xpression Atlas
(XA) validation included 105 SFM samples, but only analytic
performance was evaluated.5 Another study reported 86 SFM
or malignant cytology samples with MT (ThyGeNEXT or
TSv3), but the only outcome evaluated was if optimal surgery
was performed.6 As a result, it remains unknown whether
currently available molecular tests can improve the man-
agement of patients with SFM cytology nodules.

In this study, we evaluated a large consecutive series of
thyroid nodules with SFM cytology, TSv3 testing, and known
surgical outcome to assess the ability of preoperative MT to
refine the probability of cancer conferred by SFM cytology
and predict tumor phenotype and risk of recurrence.

Materials and Methods

Study cohort

Under approval of the University of Pittsburgh Institu-
tional Review Board (STUDY20120006), this retrospective
cohort study identified consecutive thyroid FNA samples
diagnosed as SFM with known surgical outcome and previ-
ous TSv3 testing or material available to perform testing from
the UPMC laboratory information system between January 1,
2014, and May 1, 2021 (Supplementary Fig. S1). Twenty-
three samples were excluded because no surgery was per-
formed (9 test-positive, 7 test-negative, 7 without MT).
Clinical data, radiology, cytology, and surgical pathology
reports, and molecular data were reviewed for all cases.
Surgical pathologists were not blinded to preoperative MT
results. All nodules were matched with cytology and mo-
lecular results based on size and location using ultrasound
and surgical pathology information. The Thyroid Imaging,
Reporting and Data System (TI-RADS) score was obtained

from the ultrasound report or calculated using ultrasound
data, when available.7 American Thyroid Association (ATA)
risk groups were determined using the 2015 criteria.8

Thyroid cancer recurrence, either structural (locoregional
and/or metastatic) or biochemical, was assessed from the date
of initial surgery until the most recently available follow-up.8

Biochemical recurrence was defined as detectable serum
thyroglobulin in the absence of structural disease after an
initial excellent response to therapy (surgery and/or radio-
active iodine).8 Patients with metastasis at presentation were
excluded.

Molecular analysis

For samples without previous TSv3 testing, residual ma-
terial was obtained, either FNA material in a molecular
preservative solution or extracted nucleic acid stored at
-20�C. TSv3 was performed in the UPMC Molecular &
Genomic Pathology Laboratory as previously described.9

TSv3 is a DNA- and RNA-based next-generation sequencing
test that evaluates targeted regions of 112 genes for single-
nucleotide variants, small insertions and deletions, copy
number alterations (CNA), gene fusions, and gene expression
alterations (GEA). Analysis of molecular findings using the
TSv3 Genomic Classifier (GC) diagnostic algorithm reports
test results as negative (low probability of cancer/NIFTP) or
positive (high probability of cancer/NIFTP).4

In addition, test-positive samples were reanalyzed using
the TSv3 Cancer Risk Classifier (CRC) to establish risk of
cancer recurrence. Based on the CRC algorithm, samples
were categorized into three molecular risk groups (MRGs):
MRG-Low (RAS-like alterations and focal chromosomal-
type CNA), MRG-Intermediate (BRAFV600E-like alterations
and genome haploidization-type CNA), and MRG-High
(TERT, TP53 mutations, typically co-occurring with other
alterations), as previously described.10

Analysis of false-negative molecular test results

To investigate possible reasons for false-negative test re-
sults, histologic slides for cases with negative TSv3 on FNA
cytology that were diagnosed as cancer or NIFTP on resec-
tion were reviewed by two pathologists ( J.M.S. and Y.E.N.).
In addition, representative slides from each tumor were
blindly reviewed by another pathologist (R.R.S.) to confirm
the diagnosis. TSv3 testing was then performed on unstained
formalin-fixed, paraffin-embedded slides from resected tu-
mors as previously described.9

Statistical analysis

Test sensitivity, specificity, negative predictive value
(NPV), and positive predictive value (PPV) with Wilson
confidence intervals (CIs) were calculated using surgical
pathology diagnosis as the reference standard. Baseline
characteristics between groups were compared using Pear-
son’s chi-squared test. Statistical analysis was performed
using R software package (version 4.0.4; R Foundation) and
SPSS Statistics software (version 25.0; IBM). Bayes’ theo-
rem was used to estimate NPV and PPV for the observed
sensitivity and specificity across cancer prevalences from 0%
to 100%.
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For the test-positive cohort evaluated for recurrence-free
survival (RFS), continuous variables were compared using
analysis of variance or Kruskal–Wallis tests when comparing
means and medians, respectively. Categorical variables were
compared with the chi-squared test for association or Fisher’s
exact test, where appropriate. RFS was analyzed with the
Kaplan–Meier method and MRGs compared using the log-
rank test. There were no recurrences in the MRG-Low, pre-
cluding any multivariable analyses. Analysis was performed
using SAS OnDemand for Academics: Studio (SAS In-
stitute). Tests were two-sided and statistical significance was
set at the 0.05 level.

Results

Study cohort

A total of 128 FNA samples with SFM (Bethesda V) cy-
tology and known surgical outcome were identified. Among
these, 89 (69.5%) had preoperative MT and 39 (30.5%) had
MT performed postoperatively. Overall, 62.5% were female
and median age was 56.6 years (range: 18–83 years) and
median nodule size was 2.0 cm (range: 0.6–11.1 cm). On
ultrasound, 27 (21.1%) nodules had a TI-RADS score of 3, 57
(44.5%) a score of 4, 36 (28.1%) a score of 5, and for 8
(6.3%), the score could not be calculated due to insufficient
ultrasound data. Overall, 100 (78.1%) samples demonstrated
one or more molecular alterations associated with thyroid
cancer and were test-positive (Fig. 1). Twenty-eight (21.9%)
samples had no cancer-related alterations or had low-level
alterations and were test-negative (Fig. 2).

No differences were found between test-positive and test-
negative samples with respect to patient age and sex, nodule
size, and TI-RADS score (Supplementary Table S1). On re-
section, 106 (82.8%) nodules were cancer and 22 (17.2%)

were benign. None were diagnosed as NIFTP. Overall, 87
(68.0%) patients were treated with initial total thyroidectomy
and 41 (32.0%) with lobectomy. Of those with cancer, 65
(61.3%) were ATA low risk, 25 (23.6%) intermediate risk,
and 6 (5.7%) high risk, while 2 (1.9%) could not be deter-
mined due to insufficient data, and for 8 (7.5%), ATA risk
stratification was not applicable.8 There was no difference in
cancer prevalence between samples with preoperative and
postoperative MT (79.8% vs. 89.7%, respectively; p = 0.169).

Test performance

Among test-positive samples, 95 (95%) were cancer and 5
(5%) were benign on resection. Among test-negative sam-
ples, 17 (60.7%) were benign and 11 (39.3%) were cancer.
Overall, in this cohort with a cancer rate of 82.8%, TSv3 had
a sensitivity of 89.6% (CI 82.4–94.1), a specificity of 77.3%
(CI 56.6–89.9), an NPV of 60.7% (CI 42.4–76.4), and a PPV
of 95.0% (CI 88.8–97.8) (Table 1). While sensitivity and
specificity are intrinsic characteristics of each test, the NPV
and PPV depend on the disease prevalence in the tested
population. In this cohort, the pre-test cancer/NIFTP rate was
higher than the 50–75% range expected for SFM cytology by
TBSRTC.1 In this expected prevalence range with the above
test sensitivity and specificity, the NPV of TSv3 in SFM
nodules was calculated to range from 71.2% to 88.1% and
PPV from 79.8% to 92.2% (Fig. 3).

Spectrum of molecular alterations
and histologic outcomes

Among test-positive samples, 57 (57%) had BRAF muta-
tion, including 55 V600E and 2 in-frame insertion/deletion
mutations. Of these, 48 (84.2%) were diagnosed as classic
papillary thyroid carcinoma (PTC), 2 (3.5%) as tall cell

FIG. 1. Oncoplot showing genetic alterations and clinicopathologic features of TSv3-positive samples with SFM cytol-
ogy. *Incidental papillary microcarcinoma adjacent to sampled hyperplastic nodule. ATA, American Thyroid Association;
ATC, anaplastic thyroid carcinoma; CNA, copy number alterations; PTC, papillary thyroid carcinoma; cPTC, classic type
PTC; FTC, follicular thyroid carcinoma; FVPTC, follicular variant PTC; GEA, gene expression alterations; HCA, Hürthle
cell adenoma; HCC, Hürthle cell carcinoma; OVPTC, oncocytic variant PTC; PDTC, poorly differentiated thyroid carci-
noma; RCC, renal cell carcinoma; TSv3, ThyroSeq v3; TVPTC, tall cell variant PTC; WVPTC, Warthin-like variant PTC.

1502 SKAUGEN ET AL.



variant PTC, 2 (3.5%) as Warthin-like variant PTC, 4 (7.0%)
as follicular variant PTC (FVPTC), and 1 (1.8%) as ana-
plastic thyroid carcinoma (ATC). The ATC nodule revealed
co-occurring BRAFV600E and TERT mutations.

Twenty (20%) samples had RAS mutation (14 NRAS, 3
HRAS, 3 KRAS). Of these, 11 (55%) were diagnosed as
FVPTC, 1 (5%) as follicular thyroid carcinoma, 2 (10%) as
oncocytic variant PTC, 1 (5%) as Hürthle cell carcinoma, 2
(10%) as Hürthle cell adenoma (HCA), 2 (10%) as poorly
differentiated thyroid carcinoma (PDTC), and 1 (5%) as
ATC. The ATC nodule had concurrent KRAS and NRAS
mutations along with EIF1AX, TERT, and TP53 mutations.

Eleven (11%) samples had a gene fusion (3 RET, 5 NTRK3,
1 ALK, 2 PPARG). Of these, 6 (54.5%) were diagnosed as
classic PTC (3 RET, 2 NTRK3, 1 ALK), 4 (36.4%) as FVPTC
(2 NTRK3, 2 PPARG), and 1 (9.1%) as PDTC (NTRK3).

Two (2%) samples had VHL mutations and no expression
of thyroid cell markers, with test results suspicious for met-
astatic renal cell carcinoma (RCC), which was confirmed on
resection.

Overall, 18% of test-positive samples had RAS-like al-
terations, 60% had BRAFV600E-like alterations, 8% had CNA
of genome haploidization-type (n = 6) or focal chromosomal-
type (n = 2), and 14% had high-risk alterations (TERT, TP53
mutations).

Potentially targetable alterations were identified in 10
samples. These included NTRK3, RET, and ALK fusions,
which are targetable by FDA-approved inhibitors for ad-
vanced thyroid cancer or other cancer types, and BRAFV600E

mutation in ATC.

MRGs and outcomes

Among test-positive samples, TSv3 CRC categorized 20%
as MRG-Low, 66% as MRG-Intermediate, and 14% as MRG-
High (Table 2). Of 28 patients with initial thyroid lobectomy, 6
(21.4%) had MRG-High results. MRG-Low nodules included
mostly RAS mutations, and the most common histologic di-
agnosis was FVPTC found in 13 (65%) cases. MRG-
Intermediate nodules included mostly BRAF mutations, with
the most common diagnosis being classic PTC in 51 (77.3%)
cases. Among MRG-High nodules, TERT promoter and TP53
mutations were identified in 11 and 2 samples, respectively, all
in combination with another driver alteration. The MRG-High
included nodules diagnosed as tall cell variant PTC, PDTC, or
ATC. In addition, two samples with VHL mutations, consistent
with metastatic RCC, were also considered MRG-High.

Of the 100 patients with test-positive nodules, 92 were
evaluated for tumor recurrence. Five were excluded due to
benign diagnosis on resection (2 MRG-Low, 3 MRG-
Intermediate), and 3 due to metastatic disease at presenta-
tion (1 ATC, 2 RCC; all MRG-High). During the follow-up
period (mean 51.2 months, range <1 to 470 months), 12
(13.0%) patients had disease recurrence (11 structural, 1
biochemical). Among these, 6 were MRG-High (54.6% of all
MRG-High nodules) and 6 MRG-Intermediate (9.5% of
all MRG-Intermediate nodules), with no recurrences found
in MRG-Low nodules (Table 3). Recurrence was signifi-
cantly more common in MRG-High cancers compared with
MRG-Intermediate (54.6% vs. 9.5%, p < 0.001) and MRG-
Low (54.6% vs. 0%, p < 0.001) cancers. Estimated 36-month
RFS for MRG-High, MRG-Intermediate, and MRG-Low
cancers was 56.0%, 90.9%, and 100%, respectively (Fig. 4).

False-negative and false-positive molecular
test results

Of the 11 false-negative samples, all of which met the ad-
equacy criteria for MT, histologic slides were available and
reviewed for 9 of the resected tumors, and all were confirmed to
be cancer/NIFTP (Table 4). MT was successful in 8 of these

FIG. 2. Oncoplot showing
findings and clinicopathologic
features of TSv3-negative
sample with SFM cytology.
FA, follicular adenoma; MT,
molecular testing.

Table 1. Performance Characteristics

of ThyroSeq v3 in Thyroid Nodules

with Suspicious for Malignancy Cytology

in This Study

Surgical diagnosis

TotalCancer/NIFTP Benign

Test positive 95 5 100
Test negative 11 17 28
Total 106 22 128
Sensitivity (CI) 89.6 (82.4–94.1)
Specificity (CI) 77.3 (56.6–89.9)
NPV (CI) 60.7 (42.4–76.4)
PPV (CI) 95.0 (88.8–97.8)

CI, confidence interval; NIFTP, noninvasive follicular thyroid
neoplasm with papillary-like nuclear features; NPV, negative
predictive value; PPV, positive predictive value.
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tumors, of which 4 (50%) were test-positive and 4 (50%) were
test-negative, with no association with nodule size (Table 4).

The four confirmed test-negative tumors included three
encapsulated FVPTC, all with minimal capsular invasion and
no vascular invasion, and one well-demarcated noninvasive
oncocytic PTC, possibly arising in a hyperplastic nodule or
follicular adenoma with hyperplastic features. All tumors
were low stage by AJCC and low risk by ATA criteria.8,11

The other four tumors with negative MT on FNA showed
one or more molecular alterations upon analysis of resected
tumor tissue. These included a 0.8 cm classic PTC with
BRAFV600E and TP53 mutations with an adjacent 2.0 cm
HCA, a 1.5 cm classic PTC with BRAFV600E mutation and
GEA with adjacent nodular granulomatous thyroiditis, a tall
cell variant PTC with BRAFV600E mutation and GEA, and an
FVPTC with TERT mutation and GEA (Table 4). The pres-
ence of clearly identifiable genetic alterations in the tumor
but not in the tested FNA samples strongly suggests that
limited sampling of cancer collected for MT was the reason
for the false-negative result. All tumors were low stage by
AJCC with 2 low risk and 1 intermediate risk by ATA criteria
(1 unable to be determined).8,11

Among the five test-positive samples with benign out-
comes, four were diagnosed as HCA, ranging in size from 1.1
to 6.8 cm, of which two had RAS mutation and two had ge-
nome haploidization-type CNA. In the remaining sample, a
3.5 cm complex nodule was targeted by FNA and demon-
strated BRAFV600E and GNAS mutations along with GEA. On

resection, this site demonstrated a 2.5 cm nodule with histo-
logic findings of a dominant hyperplastic nodule and adjacent
papillary microcarcinoma measuring 3 mm (Fig. 5). Based on
these findings, the nodule of interest was considered to be
benign, although it remains unclear if microcarcinoma cells
were also sampled during FNA.

Discussion

In this study, we report the largest series to date of thyroid
nodules with SFM (Bethesda V) cytology analyzed by TSv3
and demonstrate the ability of MT to refine the probability of
cancer conferred by SFM cytology and provide preoperative
cancer risk stratification.

The results of this study showed that the sensitivity and
specificity of the test in SFM nodules were overall compa-
rable with those previously observed in Bethesda III/IV
samples—90% versus 94% and 77% versus 82%, respec-
tively.4 The PPV of the test in this study was very high (95%),
as expected in a cohort of patients with a high pre-test
probability of cancer/NIFTP.12 In the range of cancer/NIFTP
prevalence expected based on the Bethesda system for SFM
cytology (50–75%), the PPV was calculated to range between
80% and 92%.1 Therefore, a positive test result is expected to
further increase the probability of cancer/NIFTP in nodules
with SFM cytology.

A small number of false-positive results were identified,
with the majority diagnosed as HCA on resection. While

FIG. 3. Graphical repre-
sentation of NPV and PPV
over a spectrum of cancer
prevalences as calculated
using Bayes’ theorem. NPV
and PPV in the expected
range of cancer/NIFTP prev-
alence based on the Bethesda
system (50–75%) are shown.
NIFTP, noninvasive follicu-
lar thyroid neoplasm with
papillary-like nuclear fea-
tures; NPV, negative predic-
tive value; PPV, positive
predictive value.

Table 2. Molecular Risk Groups Based on Fine Needle Aspiration ThyroSeq v3 Testing

and Histopathologic Outcomes

MRG No. of cases, n (%) Histopathologic outcomes

Low 20 (20) FVPTC (65%), OVPTC (15%), FTC (5%), HCC (5%), HCA (10%)
Intermediate 66 (66) cPTC (77.3%), WVPTC (3%), FVPTC (10.6%), OVPTC (1.5%), HCC (3%),

HCA (3%), HN with adjacent microcarcinoma (1.5%)
High 14 (14) PDTC (21.4%), ATC (14.3%), cPTC (14.3%), TVPTC (14.3%), FVPTC (14.3%),

metastatic RCC (14.3%), HCC (7.1%)

ATC, anaplastic thyroid carcinoma; PTC, papillary thyroid carcinoma; cPTC, classic PTC; FTC, follicular thyroid carcinoma; FVPTC,
follicular variant PTC; HCA, Hürthle cell adenoma; HCC, Hürthle cell carcinoma; HN, hyperplastic nodule; MRG, molecular risk group;
OVPTC, oncocytic variant PTC; RCC, renal cell carcinoma; PDTC, poorly differentiated thyroid carcinoma; TVPTC, tall cell variant PTC;
WVPTC, Warthin-like variant PTC.
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Table 3. Patient Characteristics and Outcomes of the Recurrence-Free Survival Cohort

and by Molecular Risk Group

Total (n = 92)

MRG

pLow (n = 18) Intermediate (n = 63) High (n = 11)

Mean age (SD), year 52.3 (17.7) 52.5 (19.1) 49.3 (16.9) 69.0 (9.3) 0.002
Female 56 (60.9%) 11 (61.1%) 38 (60.3%) 7 (63.6%) 0.98
Median nodule size (range), cm 2.0 (0.6–11.1) 2.5 (1.4–6.1) 1.7 (0.6–6.7) 4.1 (1.2–11.1) <0.001
TI-RADS score 0.002

3 16 (17.4%) 7 (38.9%) 7 (11.1%) 2 (18.2%)
4 40 (43.5%) 9 (50.0%) 31 (49.2%) 0 (0.0%)
5 32 (34.8%) 2 (11.1%) 22 (34.9%) 8 (72.7%)
NA 4 (4.4%) 0 (0.0%) 3 (4.8%) 1 (9.1%)

Total thyroidectomy 67 (72.8%) 10 (55.6%) 50 (79.4%) 7 (62.6%) 0.10
Central node dissection

Prophylactic 19 (20.7%) 4 (22.2%) 13 (20.6%) 2 (18.2%) 1.00
Therapeutic 12 (13.0%) 1 (5.6%) 8 (12.7%) 3 (27.3%) 0.27

Central nodal disease 18 (19.5%) 1 (5.6%) 14 (22.2%) 3 (27.3%) 0.20
Lateral nodal disease 4 (4.4%) 0 (0.0%) 3 (4.8%) 1 (9.1%) 0.53
Extrathyroidal extension

Microscopic 19 (20.7%) 1 (5.6%) 13 (20.6%) 5 (45.5%) 0.04
Gross 2 (2.2%) 0 (0.0%) 0 (0.0%) 2 (18.2%) 0.01

ATA risk category < 0.001
Low 57 (62.0%) 16 (88.9%) 40 (63.5%) 1 (9.1%)
Intermediate 24 (26.1%) 2 (11.1%) 19 (30.2%) 3 (27.3%)
High 6 (6.5%) 0 (0.0%) 3 (4.8%) 3 (27.3%)
NA 5 (5.4%) 0 (0.0%) 1 (1.6%) 4 (36.4%)

RAI 31 (33.7%) 4 (22.2%) 19 (30.2%) 8 (72.7%) 0.01
Recurrence 12 (13.0%) 0 (0.0%) 6 (9.5%) 6 (54.6%) < 0.001
Death

All-cause 4 (4.4%) 1 (5.6%) 1 (1.6%) 2 (18.2%) 0.05
Disease specific 1 (1.1%) 0 (0.0%) 0 (0.0%) 1 (9.1%) 0.12

Mean follow-up (range), months 51.2 (<1–470) 51.3 (30–83) 46.3 (4–315) 78.6 (<1–470) 0.29

ATA, American Thyroid Association; NA, not applicable; RAI, radioactive iodine; SD, standard deviation; TI-RADS, Thyroid Imaging,
Reporting and Data System.

FIG. 4. RFS by MRG. MRG,
molecular risk group; RFS,
recurrence-free survival.
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most HCAs would be expected to yield Bethesda IV cytol-
ogy, these cases likely had more significant nuclear atypia,
prompting the SFM diagnosis. The molecular alterations
commonly identified in these tumors, including RAS muta-
tions or CNA, are characteristic of follicular-patterned neo-
plasms ranging from benign adenomas to NIFTP and
invasive cancer. The probability of invasive cancer in nod-
ules with genome haploidization-type CNA has a strong di-
rect correlation with nodule size, suggesting that some of
these benign tumors may be precursors for cancer.13

In test-negative nodules, the residual cancer probability
was calculated to range between 12% and 29% with a pre-test
cancer prevalence of 50–75% expected for SFM cytology.
A subgroup of these cases were available for additional anal-
ysis, and retesting of resected cancers showed that about half of
the false-negative results were caused by nonrepresentative
sampling in the FNA material submitted for MT. This suggests
that repeat MT on cytology smears with diagnostic SFM ma-
terial or a new FNA sample could potentially mitigate this
issue in some cases, although the residual cancer probability
would likely remain high enough to require surgical man-
agement. However, it is reassuring that the majority of missed
cancers were low risk, which could support more limited
surgery (i.e., diagnostic lobectomy) in test-negative nodules.

In addition, MT can provide valuable information for pre-
operative cancer risk stratification, which may help to guide
the extent of surgery. Current management guidelines rec-
ommend lobectomy for low-risk intrathyroidal cancers 1–4 cm
in size, although preoperative risk assessment of such cancers
is challenging.8 In this study, we show that even on a relatively
short follow-up, MRGs correlated with disease recurrence
in nodules with SFM cytology. Finding TERT and/or TP53
mutations, associated with MRG-High disease, was asso-
ciated with 56% estimated 36-month RFS, which may war-
rant consideration for more extensive surgery. Conversely,
identification of MRG-Low disease would predict low-risk
follicular-patterned tumors, which could support more limited
surgery. For nodules with BRAF-like alterations, which are
MRG-Intermediate, the scope of surgical intervention may be
further informed by nodule size and imaging studies.

Overall, this study provides further evidence for MRGs as
a predictor of disease recurrence, initially demonstrated using
resected cancer samples, in preoperative FNA samples with
SFM cytology.10

Additional clinical use for MT in SFM samples may lie in
the identification of potential therapeutic targets, which
could inform therapy in patients with advanced disease.

Several inhibitors are FDA approved for thyroid cancer
harboring specific molecular alterations (NTRK and RET
fusions, BRAFV600E mutation in ATC) or for other cancer
types (ALK fusions), which can be detected preoperatively
and were found in 10 samples in this cohort.14–23 Two pa-
tients with NTRK3 fusions developed recurrent disease,
both with small-volume lung metastases, although based on
the 2015 ATA guidelines they did not meet the criteria for
TKI therapy at the time of last follow-up but could be eli-
gible in the future.

This study has several limitations. First, it was a retro-
spective study, although 70% of samples had preoperative
MT. Second, the length of follow-up was relatively short, and
therefore, long-term associations between MRGs and recur-
rence characteristics remain to be established. Finally, the
probability of cancer/NIFTP in this study cohort was higher
than expected for SFM cytology based on the Bethesda sys-
tem, and while the test performance in populations with the
expected prevalence range was predicted using Bayes’ the-
orem, the findings should be confirmed in other studies.

In summary, the results of this study showed that MT is
expected to improve the diagnostic performance of cytology
even in SFM samples with high pre-test cancer probability.
Moreover, TSv3 can predict the histologic outcome and risk
of recurrence in these nodules, offering preoperative data that
may inform optimal patient management.
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