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Background: Indeterminate thyroid fine-needle aspiration (FNA) cytology, including atypia of undetermined
significance (AUS/FLUS) and suspicious for follicular neoplasm (SFN), continues to generate uncertainty about
the presence of malignancy, resulting in repeated follow-up, repeat FNA, or diagnostic surgery. Mutational
panel testing may improve the malignancy risk prediction in indeterminate nodules, but the general application
of such testing has not been investigated extensively.
Methods: A retrospective review was performed of all patients undergoing thyroidectomy at a tertiary care
facility over a two-year period. Mutational panel test results, when present, were analyzed relative to FNA
cytologic result and surgical histopathologic diagnosis. Malignancy rates, sensitivity, specificity, positive
predictive values (PPV), negative predictive values (NPV) and positive and negative likelihood ratios (LR)
were calculated.
Results: A total of 261 operated thyroid nodules had the following initial FNA cytology results: 2% non-
diagnostic, 23% benign, 28% AUS/FLUS, 11% SFN, 9% suspicious for malignancy (SUSP), and 27% ma-
lignant. The histopathologic malignancy rate was 48%, subcategorized by cytology into benign 7%, AUS/FLUS
30%, SFN 38%, and SUSP 83%. Mutations were more frequent in indeterminate nodules that were histolog-
ically malignant versus benign ( p < 0.0001) or versus adenoma ( p = 0.001). Mutational analysis in 44 AUS/
FLUS nodules resulted in a malignancy detection sensitivity of 85%, a specificity of 65%, a PPV of 50%, a
NPV of 91%, and a positive LR of 2.4. In 12 SFN nodules analyzed with ThyroSeq� testing, sensitivity was
100%, specificity 57%, PPV 63%, NPV 100%, and LR 2.3. Performance of the seven-gene mutational panel
was not significantly different from the ThyroSeq� panel in the AUS/FLUS group. The malignancy yield,
comparing the mutation positive AUS/FLUS group with the untested AUS/FLUS surgical cohort, did not reach
statistical significance ( p = 0.17).
Conclusions: In a surgical cohort, a similar NPV but a lower PPV was found with the use of mutational panel
testing compared to the published literature. Following the identification of a mutation, the prevalence of
malignancy in the AUS/FLUS or SFN category was increased by nearly 15% to 45% and 53%, respectively.
Further study is needed to confirm these results and to analyze clinical outcome subcategories relative to the
utility of mutational testing.

Introduction

Cytological examination of fine-needle aspiration
(FNA) biopsy samples has been used to increase the

diagnostic yield of malignancy detected at surgery, reducing
unnecessary surgeries since the 1970s (1,2). Under the cur-
rently recommended Bethesda System for Reporting Thyroid
Cytopathology (BSRTC) (3), the implied malignancy risk

varies across the continuum of six categories, ranging from
3% with benign cytologic diagnosis to 99% with malignant
cytologic diagnosis. However, an undesirably high rate of
uncertainty remains in the indeterminate ‘‘gray zone’’ cate-
gories, especially with atypia of undetermined significance/
follicular lesion of undetermined significance (AUS/FLUS)
and suspicious for follicular neoplasm (SFN). To address
these uncertainties, management recommendations from the
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BSRTC (3) and recent guidelines have included repeat FNA
for nodules with AUS/FLUS cytology and diagnostic lobec-
tomy for SFN cytology (4–6). Advances in understanding of
the molecular pathophysiology of thyroid cancer (7–9) have
been accompanied by the development of molecular assays,
which may aid in establishing a preoperative cancer diagnosis
when thyroid cytology specimens yield cytologically inde-
terminate results (6,10).

Thyroid cancer directed multigene panels for the detection
of specific mutations from FNA cytology specimens have
been reported by a few groups (11–18). Next-generation se-
quencing (NGS) has revolutionized DNA sequencing tech-
nology, making it cheaper and faster (19). The ThyroSeq�

panel is based on the NGS analysis of mutations and gene
fusions known to occur in >90% of thyroid cancers, and has
been reported to have a high negative predictive value (NPV)
as well as a high positive predictive value (PPV) for can-
cer detection in thyroid nodules with AUS/FLUS and SFN
(BSRTC III and IV) cytology (15–17). While the reported
data on molecular panel testing appear promising in pre-
dicting the risk of thyroid cancer (20), the published NGS
ThyroSeq� literature so far is from a single group (15–17).
The clinical utility, when and how to use such testing in
indeterminate (specifically AUS/FLUS and FN) categories,
has not been well established (6,10,21,22). This study reports
on the authors’ institutional experience with molecular test-
ing during the first two years of its implementation.

Materials and Methods

Following Institutional Review Board approval, the
records were retrospectively reviewed of all patients under-
going thyroidectomy over a two-year period ( January 2013–
December 2014) at the University of Minnesota Medical
Center (UMMC), a tertiary care University teaching hospital.
Baseline demographics, initial FNA cytology results, surgi-
cal histopathology, and mutational analysis, when present,
were collected. During much of 2013–2014, a dedicated
sample was collected and saved for potential future molec-
ular testing on every FNA performed. If the FNA cytology
result was read by the pathologist as AUS/FLUS, SFN, or
suspicious for malignancy (SUSP), the dedicated sample was
automatically sent for mutational analysis as part of an in-
stitutional care pathway and, once resulted, was available for
the pathologist to review. Due to the high risk of malignancy
in the SUSP category, the reflex automatic molecular testing
in this group was soon discontinued from the care pathway. A
small number of samples were not sent for molecular testing
either due to inadequate sampling, or during a short time
subinterval where an order was required by the provider.
Also, some of the cytology FNAs would have been obtained
prior to the start date of the surgical review, or at outside
institutions, but were sent to UMMC for second review.
These FNAs formed a group that did not undergo molecular
testing and were used for comparison to the group that un-
derwent mutational testing.

The mutational analysis was performed at the University
of Pittsburgh Medical Center, Division of Molecular and
Genomic Pathology. From January of 2013 to September of
2013, seven-gene mutational testing (MT) was performed
that utilized real-time LightCycler polymerase chain reaction
and fluorescence melting curve analysis to detect possible

mutations (BRAFV600E, NRAS codon 61, HRAS codon 61,
KRAS codons 12 and 13) (14) and single-step real-time re-
verse transcription real-time polymerase chain reaction to
amplify fusion points of the rearrangements (RET/PTC1,
RET/PTC3, and PAX8/PPARG). Subsequently, ThyroSeq�

versions 1 and 2, using NGS platforms, were used as they
were made available from the reference laboratory (15).
Thyroseq� v1 included NGS for 284 mutations in 12 key
thyroid cancer related genes including AKT1, CTNNB1,
GNAS, NRAS, HRAS, KRAS, PIK3CA, PTEN, RET, TP53,
and TSHR, and detection of chromosomal rearrangements
RET/PTC1, RET/PTC3, and PAX8/PPARG. Thyroseq� v2
included the above point mutations plus EIF1AX, TERT, and
42 gene fusions involving the following genes: RET, PPARG,
NTRK1, NTRK3, ALK, BRAF, and IGF2BP3.

Results were analyzed individually based on the initial
seven-gene MT or ThyroSeq� version and combining the
methods. Since the two Thyroseq� versions are similar, ex-
cept that additional mutations and fusions are available in
Thyroseq� v2, and the fact that we detected only a few
mutations with Thyroseq� v2, the results of ThyroSeq are
reported together. Five samples lacked enough DNA for
meaningful interpretation and were classified in the group
that did not obtain mutational testing. Each FNA cytology
result was correlated to the surgical pathology outcome of the
aspirated nodule only. Sub-centimeter nodules that were
found to be malignant on surgical histopathology were cat-
egorized as malignant. However, if the aspirated nodule was
benign but the patient had an incidental cancer, it was cate-
gorized as benign for this analysis. Individual molecular
mutations and fusions were noted. A chi-square test was
performed to determine differences in group frequency. A p-
value of <0.05 was considered significant. Sensitivity, spec-
ificity, PPV, and NPV were calculated for the whole sample
and for ThyroSeq�. The positive and negative likelihood
ratio (LR) was also calculated to estimate the risk of malig-
nancy for any individual with a positive or negative test in the
AUS or SFN category.

Results

Between January 2013 and December 2014, a total of 299
thyroid surgeries were performed. Thirty-eight surgeries
performed for Graves’ disease, large goiters with or without
compressive symptoms, or for completion thyroidectomy
following an initial partial thyroidectomy were excluded. The
remaining 261 surgeries performed for thyroid nodules were
further analyzed for this study.

The demographic data (Table 1) for the patients under-
going surgery were typical of thyroid nodule and cancer
populations (5,6). The majority of the patients were women.
While 86% of the surgeries were performed by a single sur-
geon, multiple pathologists interpreted the FNA and histo-
pathologic results.

At the final histopathology, 135/261 (52%) of the operated
nodules were nonmalignant (50 nodules were read as ade-
nomas, while 85 had other benign diagnoses), whereas 126/
261 (48%) were malignant (Table 1). The majority of ma-
lignancies were papillary thyroid carcinomas (including
variants; 108/126; 86%), followed by follicular thyroid car-
cinoma (12/126; 9.5%), medullary thyroid carcinoma (5/126;
4%), and lymphoma (1/126; 0.8%).
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The cytologic and histologic diagnoses are tabulated and
correlated in Table 2. Of the 261 surgeries, 125 (48%) were
performed following indeterminate (AUS/FLUS, SFN, and
SUSP) cytologic diagnosis, 70 (27%) followed malignant
cytologic diagnoses, 60 (23%) followed benign cytologic
diagnoses, and 6 (2%) followed non-diagnostic cytologic
diagnoses (Table 2). All nodules with malignant FNA on
cytology were malignant on final surgical histopathology. Of
the 60 nodules with benign FNA cytology, 4 (7%) were
malignant at surgery. Nodule growth and large size were the
major reasons for surgery in the benign FNA group. In the
AUS/FLUS and FN category, 22/73 (30%) and 11/29 (38%)
were malignant, respectively, while 19/23 (83%) with SUSP
cytology were malignant. None of six non-diagnostic nodules
were malignant at surgery.

Mutational testing was performed on 73/125 (58%) nod-
ules in the indeterminate cytology category of which five
were non-diagnostic due to lack of sufficient DNA sample
(Table 3). Of the remaining 68 nodules, 44 mutational tests
were performed for AUS/FLUS (Fig. 1), 12 for SFN (Fig. 2),
and 12 for SUSP FNA (Fig. 3) cytologic diagnoses. In most
cases, the decision for or against molecular testing was due to

the time period of the study, since indeterminate AUS/FLUS
and SFN samples were automatically sent for molecular
testing for a period of time covered in the analysis. The
seven-gene MT was utilized in 23 samples, and Thyroseq�

was performed in 45 samples (Table 3).
The overall malignancy rate at surgery was 27/68 (40%) in

the indeterminate group that had molecular testing, and 25/57
(44%) in the group that did not undergo molecular testing
( p = 0.64). Among the 68 tested with a mutational panel, a
mutation in one or more genes was identified in 24/27 histo-
logically malignant nodules (89%) compared with 8/18 (44%)
nodules diagnosed as adenomas and 6/23 (26%) other benign
lesions. All mutation-positive histologically benign nodules
were described as nodular hyperplasia. The positive muta-
tion rate was higher in the malignant versus benign group
( p < 0.0001) and in the malignant versus follicular adenoma
group ( p = 0.001), indicating that mutations are significantly
more frequent in malignant nodules.

Within the AUS/FLUS category alone (Fig. 1), 44 nodules
had mutational panel testing performed, while the remaining
29 were not tested. The malignancy rate in the tested group
was 13/44 (30%), while the untested group had a malignancy
rate of 9/29 (31%; p = 0.89). The mutational panel showed a
false-positive result in 11 cases, false negative in two cases,
true positive in 11 cases, and true negative in 20 cases. With
these results, the sensitivity of the test was calculated to be
85%, specificity 65%, PPV 50%, NPV 91%, positive LR 2.4,
and negative LR 0.2. The seven-gene MT was performed in 17
nodules with seven positive mutations (one BRAF, three
NRAS, one PAX/PPARG fusion, and two HRAS) of which four
were malignant, three were adenomas, and one was benign. In
this group, three were true positives, four false positives,
one false negative, and nine true negatives. ThyroSeq� was
performed in the remaining 27 nodules, with 15 testing
positive for mutations (three BRAF, including one that also
had PI3CA, TERT, and AKT1 mutation in the same nodule;
six NRAS, including one with a TSHR mutation; two HRAS;
one TP53; one KRAS; one EIF1AX; and two RET, of which
one also had a HRAS mutation). For those undergoing anal-
ysis with ThyroSeq�, eight were true positive, seven were
false positives, one was false negative, and 11 were true
negative. The sensitivity and specificity rates did not vary
significantly when the two methods were compared. RAS
mutations were the most common, followed by BRAF. While
all BRAF mutation-positive nodules were histologically

Table 1. Demographic Data of All Study

Subjects Undergoing Thyroid Surgery

Age, M (SD) 48 (15)
Sex ratio, F:M 3.4: 1
BMI, M (SD) 29.3 (7.3)

Final histopathological diagnosis of study
population (n = 261)

Benign 135 (52%)
Malignant 126 (48%)

Classification of malignant histopathology (n = 126)
Papillary thyroid carcinoma 108 (86%)
Follicular thyroid carcinoma 12 (9.5%)
Medullary thyroid carcinoma 5 (4%)
Lymphoma 1 (1%)

Classification of benign histopathology (n = 135)
Adenoma 50 (37%)
Multinodular goiter/nodular hyperplasia 65 (48%)
Other (benign thyroid tissue,

Hashimoto, adenomatoid, etc.)
20 (15%)

Data based on 261 subjects who underwent surgery. Papillary
thyroid carcinoma includes both classical and variants.

BMI, body mass index; SD, standard deviation.

Table 2. Cytologic and Histologic Correlates of the Surgical Population

Cytologic diagnosis N (% of total operations)
Malignant histology

(% of cytologic category)
Adenoma histology

(% of cytologic category)

Non-diagnostic 6 (2%) Non-malignant 1 (17%)
Benign 60 (23%) 4 (7%) 12 (20%)
AUS/FLUS 73 (28%) 22 (30%) 25 (34%)
SFN 29 (11%) 11 (38%) 11 (38%)
SUSP 23 (9%) 19 (83%) 1 (4%)
Malignant 70 (27%) 70 (100%) 0

Total 261 126 (48%) 50 (19%)

Distribution of malignancy and adenoma across Bethesda System for Reporting Thyroid Cytopathology categories. Bold represents
indeterminate cytologic categories.

AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; SFN, suspicious for follicular neoplasm;
SUSP, suspicious for malignancy.
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malignant, only a third of the nine NRAS mutations were
found in malignant lesions, two out of four HRAS mutations
were detected in malignant nodules, and one nodule with a
KRAS mutation was read as benign on final histopathologic
diagnosis.

Within the SFN category (Fig. 2), 12/29 nodules were
tested with ThyroSeq� while 17/29 did not undergo molec-
ular testing. The malignancy rate in the tested group was 5/12
(42%), while the untested group had a malignancy rate of 6/
17 (35%). There was no significant difference in the malig-
nancy rates in these two groups ( p = 0.73). Of the 12 tested
lesions, five were true positive, three were false positive,
none had a false-negative result, and four were true negatives.
With these results, the sensitivity was 100%, specificity 57%,
PPV 63%, NPV 100%, positive LR 2.3, and negative LR 0.
All mutations were found in RAS (NRAS, KRAS, or HRAS)
genes.

For the 23 SUSP nodules (Fig. 3), 12 underwent mutational
testing, while 11 did not. Nine of 12 (75%) were found to be
malignant in the group that underwent testing, while 10/11

(91%) were ultimately malignant in the group that did not
undergo testing. This difference was not statistically signifi-
cant ( p = 0.31). There were eight true positives, no false
positives, one false negative, and three true negatives. All but
one mutation in the SUSP category were in the BRAF gene,
the other being a RAS mutation.

In this series, RAS mutations (NRAS, HRAS, and KRAS)
were the most commonly detected alteration (total 23) fol-
lowed by mutations in BRAF. All 11 nodules that had BRAF
mutations were malignant. The overall malignancy rate
for NRAS-positive nodules was 6/14 (43%), for HRAS 2/5
(40%), and for KRAS 3/4 (75%). Other mutations were un-
common. A single sub-centimeter nodule with aggressive
biological behavior carried four mutations (BRAF, TERT,
PIK3CA, and AKT1) (23). Of the two RET mutations iden-
tified, one was seen in a medullary thyroid carcinoma,
whereas the other was associated with a HRAS mutation and
histopathologically diagnosed follicular adenoma. Another
nodule with a TSHR mutation combined with an NRAS
mutation was histopathologically diagnosed as a follicular

Table 3. Indeterminate Cytology Group Analysis by Mutational Testing

Final histological diagnosis

n 125 Malignant Adenoma Benign

No mutational testing, n (% of total indeterminate) 52 25 (44%) 19 (33%) 8 (14%)
Mutation DNA insufficient, n 5 0 0 5
Mutational testing, n (% of total indeterminate) 68 27 (41%)a 18 (26%) 23 (33%)
Mutation positive, n (% of mutation tested histological category) 24/27 (89%)b,c 8/18 (44%)d 6/23 (26%)
Seven-gene mutational test 23 6 7 10
ThyroSeq� 45 17 11 17

Breakdown of the molecular testing method, if used, in the 125 indeterminate cytology nodules as presented in area in bold in Table 2.
ap = 0.74 vs. the malignant group that did not get molecular testing.
bp < 0.0001 malignant vs. (adenoma + benign).
cp = 0.001 vs. adenoma in the molecular tested groups.
dp = 0.21 adenoma vs. benign in the molecular tested group.

FIG. 1. Surgical histopa-
thology of atypia of undeter-
mined significance (AUS/
FLUS) cytology category as a
function of whether molecular
testing was performed pre-
operatively. Surgical his-
topathology diagnosis
comparisons between groups
with molecular testing versus
groups without molecular
testing were not statistically
significant. Numbers in pa-
renthesis on the 2 · 2 table
show values of seven-gene
mutational testing and Thyro-
Seq�, respectively. Sensitivity
85% [confidence interval (CI)
55–98%], specificity 65% [CI
45–81%], PPV 50% [CI 28–
72%], NPV 91% [CI 71–
99%], positive likelihood ratio
(LR) 2.4 [CI 1.4–4.0], and
negative LR 0.2 [CI 0.06–0.9].
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adenoma. Three AUS/FLUS nodules harboring a PAX8/
PPARG fusion, a EIF1AX, or a TP53 mutation were catego-
rized as follicular adenomas on final histopathology. A GNAS
mutation was detected in a nodule histologically read as
nodular hyperplasia. A total of 14 false-positive results were
detected, as defined by the presence of a mutation but a benign
histopathology: 11 in the AUS/FLUS and three in the SFN
category. Among the 11 AUS/FLUS false positives, seven
were read as adenomas, whereas the remaining four were read
as nodular hyperplasia. The presence of a RAS mutation ac-
counted for the most false positives (two HRAS, six NRAS, and
one KRAS), while a TP53 mutation and a PAX8/PPARG re-
arrangement were noted in the other two. Similarly, in the FN
category, three false positives were noted: one adenoma and
two with nodular hyperplasia. Of these, two had a NRAS
mutation and one had a HRAS mutation.

Discussion

Initial cytology and mutational analysis of mutational
panels were retrospectively correlated with the histopatho-
logic diagnoses of surgeries performed over a two-year pe-
riod. The data were analyzed relative to whether preoperative
FNA molecular testing had been performed. To this end, this
study demonstrates surgical histopathologic outcomes re-
flective of a more generalized medical application with or
without molecular testing.

Nearly half of the surgeries were performed after a nodule
FNA demonstrated an indeterminate cytology, and more than
half of these indeterminate samples were categorized as AUS/
FLUS, emphasizing the diagnostic dilemma in this category.
The malignancy yield at surgery (i.e., the number with ma-
lignancy/number of surgeries) was 48% for the whole cohort.

FIG. 2. Surgical histopathology
of suspicious for follicular neo-
plasm (SFN) cytology category as
a function of whether molecular
testing was performed preopera-
tively. Surgical histopathology
diagnosis comparisons between
groups with molecular testing
versus groups without molecular
testing were not statistically sig-
nificant. Sensitivity 100% [CI 48–
100%], specificity 57% [CI 18–
90%], PPV 63% [CI 24–91%],
NPV 100% [CI 39–100%], posi-
tive LR 2.3 [CI 1.0–5.4], and
negative LR 0. All mutational
tests were analyzed with Thyro-
Seq�, and all mutations were RAS
mutations.

FIG. 3. Surgical histopa-
thology results of suspicious
for malignancy (SUSP) cate-
gory as a function of whether
molecular testing was per-
formed preoperatively.
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The malignancy yield was 83% for SUSP, 30% and 38% for
AUS/FLUS and SFN cytological categories, and 7% for be-
nign cytological diagnosis. Contrary to the idealized malig-
nancy yields as originally described in the BSRTC (3,24), the
malignancy detection rate at surgery was higher for AUS/
FLUS (30%), as has also been reported in some other studies
(25–28). It should be noted that the malignancy rate in this
report is based on the selected surgical cohort, and therefore it
is higher than in reports based on databases including all
biopsied nodules, some of which were not submitted to sur-
gery. As an example, Nikiforov et al. reported outcomes of a
prospective consecutive sample of 465 AUS/FLUS nodules
out of which only 22 were malignant. However, since only 96
of them underwent surgery, the malignancy rate ‘‘at surgery’’
was 22.5% (17). Furthermore, differences in the frequency
rates of the different BSRTC categories have been shown to
vary across institutions (24,29), emphasizing the need for
centers to understand their individual performance rather than
to rely solely on idealized BSRTC predictions (22).

Mutational testing was performed in more than half (68/
125) of the nodules in the indeterminate cytological category
(Table 3). The data clearly show that the mutation panel is
more likely to be positive in histologically malignant nodules
compared with benign nodules ( p < 0.0001) or follicular ad-
enomas ( p = 0.001). The performance of the mutational panel
testing in the AUS/FLUS cytology group for sensitivity,
specificity, PPV, and NPV was 85%, 65%, 50%, and 91%,
respectively (Fig. 1). For the FN group, it was 100%, 57%,
63%, and 100% (Fig. 2). While the data for both the AUS/
FLUS and the FN groups had sensitivity and NPV rates on a
par with or better than past reports (11,16,17), a significantly
lower specificity and PPV were found.

What might account for the lower specificity and PPV
found compared with prior reports? False-positive molecular
test results (specifically relative to a malignancy diagnosis)
could lead to a lower specificity and PPV. Here, the type of
mutation affects the estimate of the malignancy rate. The
number of mutations detected in the cohort studied here is too
low to obtain an accurate estimate of malignancy risks as-
sociated with individual mutations. However, RAS mutations
were most abundant across both the AUS/FLUS and SFN
groups, and these mutations were not specific for malignancy
(46% malignancy yield rate), and they had a high false-
positive rate. A positive BRAF mutation correlated with a
high risk of cancer on surgical pathology and was mostly
detected in the SUSP cytologic category. Also, as has been
emphasized in the recent literature, the malignancy preva-
lence affects the PPV and specificity (22). Had the BSRTC
AUS/FLUS and SFN category malignancy prevalence been
lower, the specificity and PPV would have been higher.

The expectation for the use of molecular testing preoper-
atively in the evaluation of thyroid nodules is that it would
facilitate management decisions, such as whether to operate
or the extent of surgery needed for the indeterminate cytology
category of thyroid nodules. Most past studies have com-
pared malignancy rates in mutational panel or gene fusion
positive nodules with mutation/fusion-negative nodules but
did not compare the malignancy rates in populations who
were not tested for mutations (11,16,17). To the authors’
knowledge, only one other study has reported data on the
surgical histopathologic diagnosis with the use of mutational
panel testing in comparison to a group where such molecular

testing was not obtained (21). In that study, the presence of
mutations on seven-gene mutational testing led to higher
detection of clinically significant thyroid cancer, thereby
helping to assess extent of surgery preoperatively. However,
the malignancy rate in the mutation-tested group compared to
the untested group did not appear to be higher.

In the mutation-positive 22 AUS/FLUS nodules in this
study (Fig. 1), 50% were malignant, while untested AUS/
FLUS nodules going directly to surgery had a malignancy
rate of 31% (9/29). There was no statistical difference of
malignancy rates in these two groups ( p = 0.17). However,
for several reasons, this should not be interpreted as a failure
of molecular testing to facilitate surgical decision making.
Although the risk of malignancy was not different in the
tested and untested groups, improvement in malignancy de-
tection with molecular testing is better assessed by the LR
than by assessment for statistical significance of these small
groups (30,31). Even with a low positive LR of 2.4, the post-
test probability increases by nearly 15% (31). Such an in-
crease improves the expected malignancy rate to 20–30%
when applied to the 5–15% reported expected AUS category
malignancy rates (3). Since past and current recommenda-
tions for the SFN cytology group is surgery (3–6), and the
BSRTC expected malignancy rate in this group is 15–30%, a
positive mutation in an AUS/FLUS nodule is a finding that
supports the recommendation for surgery. On the other hand,
for mutation-negative nodules, the negative likelihood ratio
of 0.24 would reduce the probability of malignancy to a
predicted prevalence of <10%, and these nodules could be
managed with clinical follow-up. Therefore, collecting an
extra sample during initial FNA for a reflex mutational panel
testing could avoid repeat FNA and could be both convenient
and cost-effective.

Histopathologic assessment is the gold standard for des-
ignating a thyroid nodule as hyperplasia, adenoma, or car-
cinoma. However, follicular lesions of the thyroid are a
heterogeneous group, and interpretation is not straightfor-
ward. Cases may fall in the morphologic grey zone where a
difference of opinion exists even among experts regarding the
criteria or threshold of categorizing a particular nodule as
non-neoplastic or neoplastic (32–35). It has been proposed
that any nodule with a RAS mutation should be categorized, at
a minimum, as an adenoma rather than a hyperplastic nodule,
since the presence of a mutation indicates a proliferating
clonal population where the full extent of characteristic
morphologic features are yet to be displayed (36). Likewise, it
has been proposed that such nodules harboring a RAS muta-
tion may be precursors to RAS-positive follicular carcinomas
or follicular variant papillary carcinomas (36–38), justifying
their removal. Perhaps the future of neoplasm or malignancy
detection or histopathological classification will be by mu-
tational status rather than histopathology (8,37). However, of
the 18 histologically diagnosed follicular adenomas in this
series that were tested with the mutational panel, eight were
mutation positive but 10 were not. Of the positive mutations,
the majority were RAS mutations (6/8 nodules; one nodule
had an additional RET mutation, and two nodules had PAX8/
PPARG and TP53 mutations). Similarly, 6/19 with nodular
hyperplasia were positive for a RAS mutation. Therefore, to
the extent that the surgical histopathologic diagnosis remains
the gold standard, and using multiple pathologists is common
within a university practice, the mutational panel testing did
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not seem to aid in distinguishing a neoplastic (adenoma and
malignant) lesion from nodular hyperplasia or other benign
diagnoses. However, the presence of a mutation in nodular
hyperplasia or follicular adenoma could imply clonal pro-
liferation of cells and possibly a premalignant lesion. Further
research on such nodules would provide more insight on
this topic.

This study is not without limitations. First, since the
number of cases in the subcategories is small (Table 4), it
may lack statistical power to demonstrate a difference in the
calculated malignancy risks as predicted by the molecular
analysis. Second, the malignancy rate is a crude calculation
that is heavily dependent on the denominator (total number of
surgeries in the AUS/FLUS and SFN categories). The results
could be different if everyone who had a FNA that showed
AUS/FLUS or SFN underwent surgery. However, it is not
possible to achieve this type of ideal scenario in research as
well as in a clinical setting. Third, the effect of sample size
and the possibility that mutational test-negative nodules were
not routinely operated on needs to be considered. In the
published literature (11,16,17), the n for the true-negative
groups was much larger than in the present study. Had a much
larger number of mutation-negative nodules been operated on
and proven to be histologically benign, thus reducing the
pretest malignancy prevalence in the AUS/FLUS group, the
positive LR would have risen correspondingly (30). There-
fore, the results may underestimate the true positive LR
performance of the molecular test. Fourth, second-opinion
review of the cytologic and surgical diagnosis by a limited
number of expert pathologists has shown reclassification of a
significant number of FNA samples (34,39). The data are
derived from routine care delivered by eight pathologists;
cases were not reanalyzed for histopathologic diagnosis for
this study. Finally, the decision for surgery could have been

predetermined by clinical and ultrasound features in both
groups, regardless of the results of mutational analysis.

Based on the current literature, it is not clear whether
molecular studies need to be performed on initial or repeat
FNAs in order to improve the diagnostic yield of malignancy
or to reduce the cost of care. A direct comparison with the
current standard of care is warranted to demonstrate whether
mutational panel testing is superior or non-inferior to re-
peating FNA. Furthermore, comparison of cost differences
between the groups who undergo mutational testing and those
who undergo repeat FNA (as measured by type of surgery
(21), cost, time, malignancy stage, surgical complications,
etc.) may also favor using mutation analysis, and should be
investigated in order to establish the utility of specific mo-
lecular mutation/gene fusion testing in current practice.

In summary, the present results demonstrate that the mo-
lecular panel mutations are more prevalent in the malignant
nodules compared with benign or adenomatous nodules.
Mutational testing had a high sensitivity and NPV consistent
with published data, but a lower than anticipated PPV and
specificity. Additional independent studies are needed to
evaluate further the utility of molecular testing in the AUS/
FLUS and SFN categories.
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