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Background: The diagnostic limitations of fine needle aspiration (FNA), like the indeterminate category, can be
partially overcome by molecular analysis. As PAX8/PPARG and RET/PTC rearrangements have been detected in
follicular thyroid carcinomas (FTCs) and papillary thyroid carcinomas (PTCs), their detection in FNA smears
could improve the FNA diagnosis. To date, these rearrangements have never been analyzed in routine air-dried
FNA smears, but only in frozen tissue, formalin-fixed paraffin-embedded (FFPE) tissue, and in fresh FNA
material. Fixed routine air-dried FNA samples have hitherto been judged as generally not suitable for testing
these rearrangements in a clinical setting. Therefore, the objective of the present study was to investigate the
feasibility of extracting RNA from routine air-dried FNA smears for the detection of these rearrangements with
real-time polymerase chain reaction (RT-PCR).
Methods: A new method for RNA extraction from routine air-dried FNA smears was established, which allowed
analysis for the presence of four variants of PAX8/PPARG and RET/PTC 1 and RET/PTC 3, which were analyzed
in 106 routine FNA smears and the corresponding surgically obtained FFPE tissues using real-time quantitative
PCR (RT-qPCR). To assess RNA quality, an intron-spanning PAX8 cDNA was amplified.
Results: Acceptable RNA quality was obtained from 95% of the FNA samples and 92% of the FFPE samples.
PAX8/PPARG was detected in 4 of 96 FFPEs and in 6 of 96 FNAs. PAX8/PPARG was present in 4 of 10 FTCs and
in 3 of 42 follicular adenomas (FAs). Similarly, RET/PTC was found in 3 of 96 FFPEs and in 4 of 96 FNAs. Two of
21 PTC samples and 3 of 42 FA samples carried this rearrangement.
Conclusion: These data are the first to show the feasibility of extracting RNA from routine air-dried FNA smears
for the detection of PAX8/PPARG and RET/PTC rearrangements with RT-qPCR. These promising methodo-
logical advances, if confirmed in larger series of FNA and FFPE samples, may lead to the introduction of
molecular analysis of routine air-dried FNA smears in everyday practice.

Introduction

The majority of thyroid cancers are well differentiated
and originate from the thyroid follicular cells. Fine needle

aspiration (FNA) biopsy is widely recommended in the fur-
ther selection of patients, where malignancy is suspected or
cannot be ruled out (1,2). The most important inherent limi-
tation of the sensitivity and specificity of FNA of thyroid
nodules is the indeterminate/follicular proliferation cytology
result. It is found in 20% of the FNA biopsies. Diagnostic
lobectomy is required to resolve the nature of most nodules
with this FNA diagnosis. However, molecular FNA analysis

for a panel of somatic mutations, including rearrangements,
significantly increases the number of definitive diagnoses in
this cytology category (3).

The most prevalently described rearrangements are PAX8/
PPARG and RET/PTC. RET/PTC rearrangements were re-
ported in 13–43% of papillary thyroid carcinomas (PTCs) and
in 10–45% of follicular adenomas (FAs) (4–6). PAX8/PPARG
rearrangements have been identified in 25–63% of follicular
thyroid carcinomas (FTCs), 11% of FAs, 13% of the follicular
variant of PTCs, and 2% of oncocytic follicular thyroid carci-
nomas (oFTCs). These rearrangements are absent in classical
PTCs and anaplastic thyroid cancers (7). Searching for RET/
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PTC rearrangements in thyroid aspirates has been reported as
a useful tool in the preoperative diagnosis of PTC (8–10).

While the DNA-based search for the point mutations is
methodologically well established in routine air-dried FNA
smears, the detection of RET/PTC and PAX8/PPARG is RNA
based and has hitherto been judged unfeasible both for rou-
tine air-dried FNA and for formalin fixed-paraffin-embedded
tissue (FFPE), even when using ultrasensitive conditions to
avoid profound RNA degradation (6,11). Despite technical
difficulties, the added diagnostic value of RET/PTC and
PAX8/PPARG detection is considerable. This was demon-
strated by Cantara et al. (8) and Nikiforov et al. (12) in fresh
FNA material since, in these two studies, nearly all RET/PTC-
or PAX8/PPARG-positive FNA samples were malignant by
histologic analysis. To our knowledge, the rearrangements
have never been analyzed in routine air-dried FNA smears
[for more details see (3)]. Routine air-dried FNA samples have
been judged to be generally not suitable for rearrangement
analysis (6,11). However, molecular diagnosis of these re-
arrangements in routine air-dried smears would have major
advantages. Achievement of this would obviate the need to
prepare additional FNA material for RNA preservation or to
store FNA material until completion of cytological diagnosis
to see if the readings were indeterminate, thus prompting the
need for molecular analysis. This ability would also obviate
the need for a second FNA for molecular diagnostic studies.
Thereby, the burden to the patient and society would be re-
duced, specifically because there would be no need for par-
allel morphologic and molecular diagnostics, and there would
be less diagnostic surgeries (3). Therefore, the objective of this
methodological study was to evaluate the feasibility of ex-
tracting RNA from routine air-dried FNA smears for the de-
tection of PAX8/PPARG and RET/PTC rearrangements with
real-time-quantitative polymerase chain reaction (RT-qPCR).

Methods

Patients, FNA and FFPE samples

Routine air-dried FNA smears from 106 patients who un-
derwent surgery for thyroid nodules at the Odense University
Hospital were retrospectively analyzed together with the
corresponding FFPE material from the same patients. All FNA
samples were graded by an experienced pathologist (A.K.)
according to the 2006 American Thyroid Association thyroid
cancer guidelines in one of the following category: non-
neoplastic, indeterminate, malignant, or nondiagnostic (13).
The cytological and histological evaluation of the paired 106
FNA smears and FFPE samples are shown in Table 1. The
study was approved by the local ethics committee and was
conducted in accordance with the Danish law for scientific
ethics committees.

RNA extraction from FNA and FFPE slides

Routine air-dried FNA smears were incubated in xylene for
4–5 days to remove the cover slips. Thereafter, the slides were
air-dried. Subsequently, 700 lL QIAzol was added to the slide
according to the miRNeasy Mini Kit protocol (Qiagen), and
the cells on the slide were detached within the QIAzol using a
scalpel. The detached cells were transferred to a new tube,
homogenized by pipetting up and down/vortexing. Then,
240 lL chloroform was added, mixed for 15 seconds, and

subsequently incubated at room temperature for 3 minutes.
Following this, the homogenate was centrifuged at 12,000 g at
4�C for 15 minutes. The upper aqueous phase containing the
RNA was transferred to a new tube and extraction was con-
tinued according to the miRNeasy Mini Kit protocol.

The FFPE slides were incubated in xylene for 5 minutes.
Then the slides were transferred to a 96% ethanol bath for a
further 5 minutes. After drying the slides at room temperature,
a 150 lL PKD buffer (miRNeasy FFPE Kit; Qiagen) was added
onto the slides. The cells were scraped from the slide and
transferred into a fresh tube. After adding 10 lL proteinase K,
the tube was vortexed and then incubated for 15 minutes at
55�C. Subsequently, the tube was incubated at 80�C for another
10 minutes. Three hundred twenty microliter RBC solution
(miRNeasy FFPE Kit; Qiagen) was added and mixed gently.
After this, the solution was transferred into the gDNA elimi-
nation spin column (miRNeasy FFPE Kit; Qiagen) and centri-
fuged at 8000 g for 30 seconds. Then, 1120lL 96% EtOH was
added to the flow-through and mixed well. Further RNA ex-
traction was done according to the mirNeasy FFPE kit protocol.

Synthesis of cDNA complimentary to RNA
extracted from FNA and FFPE samples

cDNA was synthesized using the miScript Reverse Tran-
scription Kit (Qiagen) according to the manufacturers proto-
col. In brief, 7.5 lL template RNA was added to a master mix
consisting of 2 lL 5 · miScript RT buffer and 0.5 lL miScript
Reverse Transcriptase Mix and incubated for 60 minutes at
37�C. Subsequently, the miScript Reverse Transcriptase Mix
was inactivated for 5 minutes at 95�C.

Quantitative PCR

To check the RNA quality, an intron-spanning 122-bp
fragment of PAX8 mRNA (exon 5–6) was analyzed by qPCR
with subsequent fluorescence melting curve analysis on a
Roche LightCycler 480 using FastStart SYBR Green Master
chemistry (Roche). PAX8/PPARG, RET/PTC1, and RET/PTC3
rearrangements were detected by modified real-time PCR
using previously described primers and probes flanking the
fusion points (see Supplementary Table S1; Supplementary

Table 1. Cytological and Histological Evaluation

of the Paired 106 Fine Needle Aspiration Smears

and Formalin-Fixed Paraffin-Embedded Samples

Cytology Histology Number of cases

Non-neoplastic (n = 15)
Goiter 7
FTC 3
FA 5

Indeterminate (n = 61)
FTC 12
FA 38
oFA 10
PTC 1

Malignant (n = 29)
FTC 5
PTC 24

Nondiagnostic (n = 1) FA 1

Total 106

FTC, follicular thyroid carcinoma; FA, follicular adenoma; oFA,
oncocytic follicular adenoma; PTC, papillary thyroid carcinoma.

1026 FERRAZ ET AL.



Data are available online at www.liebertpub.com/thy) and
the LightCycler FastStart DNA MasterPlus HybProbe chem-
istry (Roche) (12,14). To rule out any contamination of the
PCR-product, LightCycler Uracil-DNA Glycosylase (Roche)
0.2 U was added to each sample. PCRs were processed through
an initial incubation for 10 minutes at 40�C followed by de-
naturation at 95�C for 5 minutes and by 50 cycles of a three-step
PCR, including 10 seconds of denaturation at 95�C, a 10 sec-
onds annealing phase at 62�C (PAX8/PPARG) or 64�C (RET/
PTC), and an elongation phase at 72�C for 7 seconds. cDNA
from patient specimens known to carry PAX8/PPARG or RET/
PTC rearrangements were used as positive controls in each
analysis. Samples tested positive were analyzed by capillary
gel electrophoresis using the BigDye Terminator Kit on an ABI
3100 Genetic Analyzer (Applied Biosystems).

Capillary electrophoresis

Samples tested positive were analyzed by capillary elec-
trophoresis using a high-resolution gel cartridge on a QIAxcel
system (Qiagen). Aliquots (1–3 lL) of PCR products were
mixed with the DNA dilution buffer to a total volume of
10 lL, which were loaded onto the QIAxcel system.

Results

The qPCR assays were developed and optimized with
RNA from rearrangement positive tissue samples using SYBR
Green chemistry. Subsequently, the detection of the re-
arrangements was done using more specific hydrolysis
probes in FNA and FFPE samples.

RNA quality assessment

Total RNA was extracted from 106 routine air-dried FNA
smears and from 106 corresponding FFPE slides. The quality
of the extracted RNA was assessed by RT-qPCR amplification
of a 122-bp PAX8 cDNA. The quality of the cDNA was
deemed acceptable when the melting curve of the control
fragment showed a specific peak for the PAX8 cDNA. Based
on this criterion, 101 FNA samples (95%) and 98 FFPE samples
(92%) were considered acceptable for the detection of the re-
arrangements and labeled cDNA-positive. Five FNA samples

(5%) and eight FFPE samples (8%), which did not show
a specific PAX8 amplification, were considered as cDNA-
negative. Only the cDNA-positive paired samples were ana-
lyzed obtaining 96 matched cDNA- positive FFPE and FNA
samples.

PAX8/PPARG detection

PAX8/PPARG were detected by RT-qPCR in 6 of 96 cDNA-
positive FNA samples (6.2%) and in 4 of 96 cDNA-positive
FFPE samples (4.2%) (Table 2). PAX8/PPARG was present in 4
of 10 (40%) cDNA-positive FTCs and in 3 of 42 cDNA-positive
FAs (7.1%). No rearrangement was detected in oncocytic FA
(oFA, n = 7), oFTC (n = 9), goiter (n = 7), or PTC (n = 21). The
most frequent fusion variant, in the FNA samples, was PAX8
exons 1–8 juxtaposed to PPARG exon 1 (71%), followed by
PAX8 exons 1–9 juxtaposed to PPARG exon 1 and PAX8 exons
1–10 juxtaposed to PPARG exon 1 (28%). All positive samples
were verified by sequencing and also analyzed by capillary
gel electrophoresis on a QIAxcel. Two samples carried two or
more splicing variants (Fig. 1). Representative electrophero-
grams for the different rearrangement variations are shown in
Figure 1. In the FFPE samples, the most frequent splicing
variant was PAX8 exons 1–10 juxtaposed to PPARG exon 1.

RET/PTC detection

RET/PTC rearrangements were detected in 4 of 96 cDNA-
positive FNA samples (4%) and in 3 of 96 cDNA-positive
FFPE samples (3.1%) (Table 3). RET/PTC rearrangements
were present in 2 of 21 (8.7%) cDNA-positive PTCs and in 3 of
42 cDNA-positive FAs (7%). No rearrangement was detected
in oFA (n = 7), oFTC (n = 9), goiter (n = 7), or FTC (n = 10). RET/
PTC1 could be detected in three FNA samples and one FFPE
sample, and RET/PTC3 could be detected in one FNA sample
and two FFPE samples. Again, all positive samples were
verified by sequencing and also analyzed by capillary gel
electrophoresis on a QIAxcel.

Sensitivity of detection

The sensitivity of the detection of the different rearrange-
ments by qPCR with rearrangement-specific probes was

Table 2. PAX8/PPARG Rearrangement Positive Samples

PAX8/PPARG detection
in the FNA samples

PAX8/PPARG detection
in the FFPE samples

Sample ID Histology Cytology

PAX8
(exon 8)/
PPARG

PAX8
(exon 9)/
PPARG

PAX8
(exon 10)/

PPARG

PAX8
(exon 8)/
PPARG

PAX8
(exon 9)/
PPARG

PAX8
(exon 10)/

PPARG

23 FTC Indeterminate Positive Negative Negative Negative Negative Negative
132 FTC Indeterminate Positive Negative Negative Negative Negative Negative
133 FTC Indeterminate Positive Negative Negative Negative Negative Negative
161 FTC Indeterminate Positive Negative Negative Positive Negative Negative
29 FA Indeterminate Negative Negative Negative Negative Negative Positive
50 FA Indeterminate Positive Positive Positive Positive Positive Positive
81 FA Indeterminate Negative Positive Positive Negative Negative Positive

In three samples, it was possible to match PAX8/PPARG expression between corresponding FNA and FFPE samples (two FA and one FTC).
In one patient, in whom the FFPE sample was positive for the rearrangement, the rearrangement could not be detected in the corresponding
FNA sample, and in three patients showing positive FNA results, the rearrangement could not be identified in the corresponding FFPE
sample.

FNA, fine needle aspiration; FFPE, formalin-fixed paraffin-embedded.
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tested by dilution curves. pGEM-T vectors carrying the re-
spective rearrangement amplicons were spiked into genomic
DNA from wild-type FFPE samples. The limit of detection for
the different rearrangements was less than 100 copies (data
not shown). Moreover, the sensitivity was also tested using
rearrangement positive tested FFPE samples, which were
spiked in different dilutions into wild-type FFPE samples
covering the whole range of positive tested samples. Similar
quantitation cycles were observed for positive tested FNA
and FFPE samples.

Discussion

With the discovery of RET/PTC and PAX8/PPARG re-
arrangements in PTC and FTC, respectively, much knowledge
has been added with regard to their frequency, detection
method, and their applicability in medical diagnostics. Al-
though, at present, FNA is the most sensitive method to diag-
nose nodules suspected of malignancy, molecular analysis by a

panel of mutations, including RET/PTC and PAX8/PPARG
rearrangements, has been demonstrated to be an important
additional technique in raising the sensitivity of this method,
especially regarding indeterminate samples (3,8,15,16).

The main novelty of our study is the demonstration, for the
first time, of the feasibility of detecting the most common re-
arrangements (RET/PTC1, RET/PTC3, and three PAX8/PPARG
rearrangements) in routine air-dried FNA smears as well as in
corresponding FFPE samples. This is associated with a number
of advantages for the patients and society alike.

RET/PTC and PAX8/PPARG rearrangements have been
analyzed in several studies with different designs. The prev-
alence of these rearrangements varies with the geographic
area, history of radiation exposure (17), and method. The
latter being the most important factor for the variability.
Moreover, for the RET/PTC rearrangements, Zhu et al. (11)
demonstrated that the broad variation in frequency is not only
due to different detection methods, but also due to the genetic
heterogeneity of thyroid carcinomas. The accuracy has been

FIG. 1. Digital electropherogram from the QIAxcel system representing different rearrangement variants. Lane 1: intron-span-
ning 122-bp fragment of PAX8 mRNA (exon 5–6) (control fragment); lane 2: RET/PTC3 amplicon (106 bp) using the primer set
RET/PTC3-F/RET/PTC3-R; lane 3: PAX8/PPARG amplicon comprising PAX8 (exon 10)/PPARG (exon 1) (98 bp) using the primer
set PAX8-E10-F/PPARG-E1-R; lane 4: PAX8/PPARG amplicon comprising PAX8 (exon 9)/PPARG (exon 1) (117 bp) using the
primer set PAX8-E9-F/PPARG-E1-R; lane 5: PAX8/PPARG amplicon comprising PAX8 (exon 9–10)/PPARG (exon 1) (219 bp)
using the primer set PAX8-E9-F/PPARG-E1-R; lane 6: PAX8/PPARG amplicon comprising PAX8 (exon 8)/PPARG (exon 1) (84 bp)
using the primer set PAX8-E8-F/PPARG-E1-R; lane 7: PAX8/PPARG amplicons comprising PAX8 (exon 8)/PPARG (exon 1)
(84 bp) and PAX8 (exon 8, 10)/PPARG (exon 1) (186 bp) using the primer set PAX8-E8-F/PPARG-E1-R; lane L: ladder.

Table 3. RET/PTC Rearrangement Positive Samples

RET/PTC detection
in the FNA samples

RET/PTC detection
in the FFPE samples

Sample ID Histology Cytology RET/PTC1 RET/PTC3 RET/PTC1 RET/PTC3

8 PTC Malignant Negative Positive Negative Positive
52 PTC Malignant Positive Negative Positive Negative
30 FA Indeterminate Positive Negative Negative Negative
40 FA Indeterminate Positive Negative Negative Negative
48 FA Indeterminate Negative Negative Negative Positive

Matching between the FNA smear and the FFPE sample results could be obtained in two patients. In one patient, in whom the FFPE sample
was positive for the rearrangement, the rearrangement could not be detected in the corresponding FNA sample, and in two patients showing
positive FNA results, the rearrangement could not be identified in the corresponding FFPE sample.
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comparable with all methods when the rearrangement has
been present in a significant portion of the tumor (11). How-
ever, in the report by Algeciras-Schimnich et al., (14) a com-
parison of fluorescence in situ hybridization,
immunohistochemistry, and RT-PCR for the detection of
PAX8/PPARG demonstrated that the analysis using RT-PCR
proved to be reliable, rapid, sensitive, and reproducible, al-
though FISH is considered the gold standard for detection of
rearrangements. As demonstrated here, the use of RT-qPCR
for rearrangement analyses is possible, rapid, and sensitive.
Moreover, it provides information about the specific break-
points in the PAX8/PPARG fusion gene.

To date, both rearrangement analyses have only been
performed using RNA extracted from FFPE, frozen tissue
samples, or fresh FNA material (8,12,14,17–20). Despite the
advantages related to obtaining the molecular analyses di-
rectly from the air-dried FNA smear, this has never been done
before, due to a severe degradation of the RNA by air-drying
and the fixation (6,11). However, here we show the feasibility
for an optimized RNA extraction, and the use of small PCR
amplicons for also detecting rearrangements in air-dried FNA
samples. The integrity of our samples could be succesfully
assessed by the amplification of a 122-bp PAX8 fragment
(from exons 5 and 6) in 95% of the FNA samples and 92% of
the FFPE samples. Interestingly, the representative samples
(Fig. 1, lanes 3, 5, and 7) show the PCR amplicons of sample
number 50 (Table 2), which provided positive results in all
three PAX8/PPARG PCRs. While PCRs per se do not allow a
precise identification of the rearrangement variants occuring in
the sample, the subsequent electrophoretic separation of the
PCR products allows for this identification. The 84- and the
186-bp bands seen in lane 7 reflect the translocations between
PAX8 (exon 8) and PPARG (exon 1) (84 bp) and PAX8 (exon 8,
10) and PPARG (exon 1) (186 bp). Moreover, the 219-bp band in
lane 5 represents a translocation involving PAX8 (exon 9–10)
and PPARG (exon 1). Therefore, sample number 50 contains
three different PAX8/PPARG rearrangements: PAX8 (exon 8)/
PPARG (exon 1), PAX8 (exon 8, 10)/PPARG (exon 1), and PAX8
(exon 8–10)/PPARG (exon 1). In addition to resolving the
precise rearrangement variants by the electrophoretic separation
of the positive samples, one can see the limitations of detection
due to RNA degradation. Since in Figure 1, lane 5, a 219-bp
band representing the amplicon of PAX8 (exon 9–10)/PPARG
(exon 1) is visible, the PCR involving primers PAX8-E8-F/
PPARG-E1-R (lane 7) should also show this variant. This should
give a band of 375 bp size. However, this amplicon is not visible.
Therefore, we can assume that the RNA integrity is larger than
220 bp, but smaller than 375 bp.

With both rearrangement analyses, we found five FNA
samples that were positive, but the corresponding FFPE samples
were negative. Interestingly, Unger et al. found a heterogeneous
distribution of RET/PTC-positive cells within tumors, which
means the rearrangement positive cells appeared as clusters
mixed with rearrangement-negative tumor cells (21). Similar
results have also been demonstrated for BRAF (22). Therefore, in
the rearrangement positive FNA samples, the biopsy might stem
from a rearrangement positive patch of a polyclonal nodule,
while the rearrangement-negative FFPE material might stem
from rearrangement-negative patches of the nodule. A further
explanation for the positive FNA samples, which gave nega-
tive results in the corresponding FFPE samples, is most likely
a better RNA quality in FNA samples compared to the FFPE

material. This hypothesis is supported by a higher number of
FNA samples that were positive in a PCR amplifying a PAX8
fragment (from exons 5 and 6 for RNA quality assessment), as
compared to the FFPE samples (95% vs. 92%). Moreover, this
hypothesis can explain the discrepant results obtained for
sample 81 in PAX8/PPARG screening (Table 2). The electro-
phoretic separation of the PCR products allowed identifying
the precise rearrangement variant in sample 81, which was
PAX8 (exon 8–10)/PPARG (data not shown). While this var-
iant could be detected using the forward primers located in
exons 9 and 10 in the FNA sample (resulting in PCR products
of 219 and 98 bp size, respectively), only the smaller fragment
could be amplified in the FFPE sample, suggesting higher
RNA fragmentation in the FFPE samples.

In two FFPE-positive samples, it was not possible to iden-
tify the rearrangement in the corresponding FNA sample. In
this case, the larger available amount of RNA in FFPE sam-
ples, due to a bigger quantity of nodular tissue, could prob-
ably explain this difference.

The prevalence of PAX8/PPARG rearrangements varies
from 25% to 63% in FTC and between 4% and 33% in FA
(15,21,22). Based on our data, 40% of the FTC and 7% of the FA
carried this rearrangement. RET/PTC was described to be
present in 13–43% of PTC and in 10–45% of the FA (4–6). In our
study, the RET/PTC rearrangement detection frequency was
8.7% and 7% in PTC and FA, respectively. Of importance, our
samples are obtained from an area with normal iodine intake
and from individuals with no history of radiation exposure.

It has been demonstrated that RET/PTC and PAX8/PPARG
rearrangements may be involved in malignant transformation
(23). If these rearrangements are detected in encapsulated
follicular tumors with nuclear atypia, the tumors are sup-
posed to be premalignant lesions (24,25). In addition, PAX8/
PPARG-positive FAs may very likely be precursors for PAX8/
PPARG-positive FTCs, as also suggested by studies in trans-
genic models (26). Larger series of samples have to be ana-
lyzed to establish molecular FNA screening as a routine
diagnostic procedure. However, based on these findings we
would suggest that patients whose FNA sample is positive for
a rearrangement should definitely undergo surgery.

In conclusion, this methodological study is the first to
demonstrate the feasibility of extracting RNA from routine
air-dried FNA smears for detecting PAX8/PPARG and RET/
PTC rearrangements using RT-qPCR. Moreover, the combi-
nation of RT-qPCR and electrophoretic separation of the PCR
products on a QIAxcel allows the precise identification of the
rearrangement variants in the samples analyzed. However, to
include the molecular analysis from air-dried smears in the
management of thyroid nodules, it is imperative to analyze a
statistically meaningful number of samples. After a successful
validation (comprising also other mutations), the molecular
analyses of routine air-dried FNA smears should be introduced
in everyday practice. It will provide substantial improvements
in the diagnosis of the indeterminate FNA category, thereby
reducing the rate of superfluous diagnostic surgeries.
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