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Background: The follicular variant of papillary thyroid carcinoma (FVPTC) presents distinct histologic subtypes
and molecular genotyping. The preoperative diagnosis of FVPTC through fine-needle aspiration cytology
(FNAC) is challenging.
Methods: We reviewed 59 archival thyroid FNAC specimens of surgically confirmed FVPTC according to
histologic subtype: encapsulated FVPTC (n = 30) and infiltrative FVPTC (n = 29). Galectin-3 immunostaining and
molecular analyses for BRAF and three RAS genes (NRAS, HRAS, and KRAS) were performed.
Results: FNAC diagnoses of FVPTC included benign (5%), atypia of undetermined significance (19%), follicular
neoplasm/suspicious for follicular neoplasm (14%), suspicious for PTC (29%), and PTC (34%). Galectin-3 im-
munostaining was positive in 50% of FNAC specimens. A BRAF mutation was found only in 14 (24%) tumors
with the FNAC diagnosis of PTC or suspicious for PTC: 13 cases with the usual c.1799T > A (p.V600E) mutation
and 1 case with a 3 base-pair deletion (c.1799_1801delTGA), resulting in a deletion of lysine at codon 601 and a
deletion c.1799_1801delTGA that results in a valine-to-glutamate substitution at codon 600 (p.V600_K601 > E)
while preserving the reading frame. A BRAF K601E mutation was not found. RAS mutations were observed in 18
(33%) tumors (NRAS, 22%; HRAS, 6%; KRAS, 6%). Mutations of the three RAS genes were detected in codon 61 but
not in codons 12 and 13. There was a decreasing trend of RAS mutation rates associated with an increasing risk of
malignancy in the FNAC diagnostic categories. The triage efficacy of FNAC to make a recommendation for
surgery was 73% for encapsulated tumors and 79% for infiltrative tumors. Addition of galectin-3 or the BRAF test
to FNAC showed no significant improvement in the triage efficacy. However, RAS mutations significantly im-
proved the triage efficacy of FNAC. There was no significant difference in the triage efficacy of FNAC, galectin-3
expression, and the prevalence of somatic mutations between encapsulated and infiltrative tumors.
Conclusion: Thyroid FNAC has a low sensitivity for the detection of FVPTC regardless of histologic subtype.
Encapsulated FVPTC and infiltrative FVPTC have similar molecular profiles and rates of galectin-3 expression.
RAS mutational analysis is more useful than BRAF testing to improve the triage efficacy of FNAC for FVPTC.

Introduction

The follicular variant of papillary thyroid carcinoma
(FVPTC) is a common variant comprising 15–20% of all

papillary thyroid carcinoma (PTC) (1,2). The diagnosis of
FVPTC is based on its histologic features comprising charac-
teristic nuclear features of PTC and an exclusive or predom-
inant (>50%) follicular growth pattern without well-formed
papillae (3,4). FVPTC is divided into two subtypes, encapsu-
lated and infiltrative, by the presence or absence of encapsu-

lation (4–6). Encapsulated FVPTC is totally encapsulated by a
fibrous tissue and may show tumor capsular or vascular in-
vasion (4–6). The histopathologic diagnosis of infiltrative
FVPTC usually poses no problem because the tumor in-
filtrates the surrounding thyroid parenchyma without a
well-defined capsule but with the presence of most of the
characteristic nuclear features of PTC. However, the diagnosis
of the encapsulated subtype may be particularly difficult
because the diagnostic nuclear features of PTC may be
moderately developed and intermixed with cells lacking the
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diagnostic nuclear features in encapsulated FVPTC. Overall,
the clinical behavior of infiltrative FVPTC is similar to that of
classic PTC with a high rate of lymph node metastasis, whereas
encapsulated FVPTC has a behavior much closer to that of
follicular adenoma and follicular carcinoma with a low rate of
lymph node metastasis (7). In addition to the encapsulated and
infiltrative subtypes of FVPTC, a rare aggressive diffuse fol-
licular variant was originally described by Sobrinho-Simões
et al. in 1990 (8). The diffuse FVPTC occurs primarily in young
females and is characterized by extensive, multifocal involve-
ment of one or both lobes of the thyroid gland (6,9,10).

Fine-needle aspiration cytology (FNAC) is the most reliable
and commonly used diagnostic method for thyroid nodules.
The Bethesda System for Reporting Thyroid Cytopathology
was introduced to reduce ambiguous and implicit thyroid
FNAC interpretations through the use of a standardized ter-
minology and general diagnostic categories (11,12). Each di-
agnostic category has an implied risk of malignancy as well as
a recommended clinical management.

The cytopathologic diagnosis of FVPTC is challenging in
FNAC because nuclear changes are often subtle and the char-
acteristic nuclear features of PTC can be partially and focally
displayed (13–16). The diagnostic sensitivity of FNAC for
FVPTC ranges from 9% to 75%, which is very low compared
with that of FNAC for classic PTC. FVPTC is a major cause of the
cases with false-negative results in FNAC (13–17). Therefore, the
diagnosis of FVPTC by cytomorphology alone has limitations
and thus requires additional methods such as immunostaining
and molecular testing to facilitate the diagnosis of FVPTC.

Galectin-3, a b-galactoside-binding lectin, has been used to
aid the differential diagnosis between thyroid cancer and be-
nign thyroid lesions from FNAC samples and surgical tissue
specimens (18). Positive galectin-3 immunostaining is observed
in almost all classic PTCs, whereas in FVPTC, the positive rate
is lower and more focal, and of moderate to weak intensity (18).
A difference may exist in galectin-3 expression for FVPTC be-
tween postsurgical tissues and clinical FNAC samples.

FVPTCs frequently harbor RAS mutations and have a rel-
atively low rate of BRAF mutations compared to classic PTC
(19–21). However, there is controversy about the BRAF and
RAS mutational patterns of FVPTC according to its histologic
subtypes. Rivera et al. (5) reported that encapsulated FVPTC
had a high rate of RAS and an absence of BRAF mutations,
while the infiltrative variant showed a molecular profile with
a high prevalence of BRAF and a low frequency of RAS mu-
tations. Infiltrative FVPTC had a BRAF and RAS mutational
pattern in between follicular neoplasms and classic PTC,
whereas the molecular profile of encapsulated FVPTC was
similar to follicular neoplasms. However, Gupta et al. (6)
found that the two subtypes had similar clinical behaviors
and mutation rates for BRAF and RAS.

We therefore analyzed the efficacy of FNAC to make a
recommendation for surgery based on the Bethesda System in
patients with FVPTC and investigated the molecular profiles
of FVPTC according to its histologic subtypes, which may
play a role as an adjunctive diagnostic tool along with tradi-
tional FNAC.

Materials and Methods

This study was approved by the Institutional Review Board
of the Catholic University of Korea Seoul St. Mary’s Hospital,

and written informed consent was obtained from all subjects
or their legal guardians.

Case collection

A total of 59 consecutive patients with FVPTC were enrolled
in this study and underwent surgery at Seoul St. Mary’s Hos-
pital between January 2011 and April 2012. All histological
slides were reviewed independently by three experienced pa-
thologists (S.R.L., C.K.J., and Y.J.C.) with a special interest in
thyroid pathology who were familiar with FVPTC histology,
and consensus diagnoses were made following the World
Health Organization classification (3). All patients enrolled in
this study underwent ultrasound-guided FNAC prior to sur-
gery. All FNAC cases were classified into six-tiered diagnostic
categories using the Bethesda System for Reporting Thyroid
Cytopathology. FVPTC was defined as a papillary carcinoma
predominantly composed of follicles (>50% of the tumor) and a
complete lack of well-formed papillae. All tumors were classi-
fied into encapsulated and infiltrative subtypes based on his-
tologic growth patterns only, irrespective of tumor size. We did
not consider whether the tumor was a microcarcinoma, which
is defined as a malignant tumor of £1 cm in diameter. The rare
diffuse follicular variant was not included in this study.

Triage efficacy of FNAC to make a recommendation for
surgery was defined as FNAC classification as follicular
neoplasm/suspicious for a follicular neoplasm, suspicious for
malignancy, or PTC that triggers surgical management. Di-
agnostic accuracy was defined as FNAC classification as
suspicious for malignancy or PTC (17).

Galectin-3 immunohistochemical staining

Immunohistochemical staining was performed on both
FNAC-derived cell blocks and corresponding surgical speci-
mens as previously described (22). A mouse monoclonal anti-
body against galectin-3 (1:800; Novocastra Lab., Newcastle upon
Tyne, United Kingdom) was applied for 30 minutes at room
temperature. Immunoreaction was detected using the EnVision
Plus System (Dako, Carpinteria, CA) and by counterstaining
with hematoxylin. Galectin-3 expression was considered posi-
tive on both tissue and cell block sections if >5% of tumor cells
displayed cytoplasmic and nuclear immunostaining.

Mutational analysis of BRAF and RAS genes

Genomic DNA was isolated from two 10-lm-thick forma-
lin-fixed, paraffin-embedded tissue sections containing a
representative portion of each archival tissue block using the
QIAamp DNA Mini kit (Qiagen, Hilden, Germany). Tumor
areas were manually microdissected from the tissue sections.
We performed mutational analysis of exon 15 of the BRAF
gene and exons 2 and 3 of the NRAS, HRAS, and KRAS genes
using PCR amplification and DNA sequencing, as described
earlier (23–25).

Statistical analysis

Continuous parametric data with a normal distribution
were compared using the Student’s t-test. The nonparametric
Mann–Whitney U-test was used to analyze continuous data
with a skewed distribution. Categorical data were compared
using the chi-squared test. The Fisher’s exact test was used
when more than 20% of cells had less than 5 expected
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frequencies for categorical data with a lower number of
samples. The linear-by-linear association test was used to
analyze the change of molecular genotyping as progressing in
severity from benign to malignant FNAC diagnostic cate-
gories ( ptrend). All analyses were performed with the use of
SPSS version 16.0 (SPSS Inc., Chicago, IL). Two-sided p-values
of £0.05 were considered statistically significant.

Results

Patient characteristics

The study population comprised 59 patients (45 women
and 14 men). The age of the patients at the time of surgery
ranged from 20 to 79 years (mean 48.4 years). According to the
histologic subtypes of FVPTC, 30 of 59 cases were encapsu-
lated variants and 29 were infiltrative variants. There was no
significant difference in the mean age between patients (47.4
years) with encapsulated FVPTC and those (49.3 years) with
infiltrative FVPTC ( p = 0.546). The median size of encapsu-
lated and infiltrative tumors was 0.9 and 0.6 cm, respectively
( p = 0.132). Out of a total of 59 patients, 32 had two or more
tumor foci. The largest tumor foci from five patients were
classic PTC. Therefore, we excluded the 5 cases and further
analyzed the clinicopathologic features of 54 patients ac-
cording to the histologic subtypes of the FVPTC. There were
no significant difference in age, sex, pT stage, extrathyroid
extension, multifocality, or lymph node metastasis between
patients with encapsulated tumors and those with infiltrative
tumors (Supplementary Table S1; Supplementary Data are
available online at www.liebertpub.com/thy).

Fine-needle aspiration cytology

FNAC diagnoses of FVPTC included benign (5%), atypia of
undetermined significance (19%), follicular neoplasm/suspi-

cious for a follicular neoplasm (14%), suspicious for PTC
(29%), and PTC (34%). There was no significant difference in
the distribution of FNAC diagnostic categories between en-
capsulated and infiltrative FVPTC (Table 1).

Galectin-3 immunostaining

Out of a total of 59 FNAC specimens, 38 cases had residual
follicular cells on cell blocks available for galectin-3 im-
munostaining. Positive staining for galectin-3 was observed in
19 (50%) FNAC specimens, including 8 (42%) encapsulated
and 11 (58%) infiltrative subtypes. Of 58 tissue specimens, 44
cases (76%) containing 19 (66%) encapsulated and 25 (86%)
infiltrative subtypes expressed galectin-3 protein. The overall
positive rate of galectin-3 expression was higher in tissue
specimens (76%) than in cell blocks (50%). There was no sig-
nificant difference between the positive rates of galectin-3
expression in encapsulated and infiltrative subtypes irre-
spective of specimen type (Table 2).

Molecular analysis

The molecular alterations found in the analyzed FVPTC are
summarized in Table 3. A BRAF mutation was detected in 14
(24%) of 58 tumors, including 7 (23%) encapsulated and 7
(25%) infiltrative tumors. The total mutation rate of the three
RAS genes was 33% (18/54). Positive cases consisted of
NRAS, HRAS, and KRAS mutations in 12 (22%), 3 (6%), and 3
(6%) cases, respectively. RAS mutations were detected in co-
don 61 of the three RAS genes, but not in codons 12 and 13.
There was no statistically significant difference in the preva-
lence of somatic mutations between encapsulated and infil-
trative tumors (Table 4). Among FVPTC, RAS-mutated
tumors were significantly larger than non-RAS-mutated tu-
mors (mean 1.3 cm vs. 0.9 cm, p = 0.013). However, there were
no significant differences in age, sex, pT stage, extrathyroid
extension, multifocality, or lymph node metastasis between
the RAS mutation status and the clinicopathologic features of
FVPTC (Supplementary Table S2).

Comparison of molecular profiles and FNAC results

We compared the results of molecular profiles with the
diagnostic results of FNAC. A BRAF mutation was found in
45% and 29% of cases that were diagnosed as PTC and sus-
picious for PTC by FNAC, respectively. However, all cases
that were cytopathologically diagnosed as benign, atypia of
undetermined significance, or follicular neoplasm/suspicious
for a follicular neoplasm showed negative results for BRAF
mutations. There was a decreasing trend of RAS mutation
rates associated with increasing risk of malignancy in the
FNAC diagnostic categories ( ptrend = 0.002), while there was
an increasing trend of BRAF mutation rate among these ca-
tegories ( ptrend = 0.001; Fig. 1).

Table 1. Distribution of Fine-Needle Aspiration

Cytology Diagnoses According to the

Histologic Subtypes of Follicular Variant

of Papillary Thyroid Carcinoma

Diagnostic category Encapsulated Infiltrative Total

Nondiagnostic 0 0 0
Benign 1 (3%) 2 (7%) 3 (5%)
Atypia of undetermined

significance
7 (23%) 4 (14%) 11 (19%)

Follicular neoplasm/
suspicious for a
follicular neoplasm

3 (10%) 5 (17%) 8 (14%)

Suspicious for papillary
carcinoma

8 (27%) 9 (31%) 17 (29%)

Papillary carcinoma 11 (37%) 9 (31%) 20 (34%)
Total 30 (100%) 29 (100%) 59 (100%)

Table 2. Galectin-3 Immunostaining on Fine-Needle Aspiration Cytology and Surgical Specimens

According to the Histologic Subtypes of Follicular Variant of Papillary Thyroid Carcinoma

Specimen type Galectin-3 Encapsulated Infiltrative p Total

Cell block Negative 11/19 (58%) 8/19 (42%) 0.330 19/38 (50%)
Positive 8/19 (42%) 11/19 (58%) 19/38 (50%)

Surgical specimen Negative 10/29 (35%) 4/29 (14%) 0.066 14/58 (24%)
Positive 19/29 (66%) 25/29 (86%) 44/58 (76%)
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FNAC triage efficacy and diagnostic accuracy

The FNAC triage efficacy for triggering surgery was 76%,
and the diagnostic accuracy of FNAC was 63%. There was no
significant difference in these diagnostic values of FNAC ac-
cording to the histologic subtypes of FVPTC. Although mo-
lecular testing was done using surgical specimens instead of
FNAC specimens, we tried to analyze whether molecular
testing can improve the triage efficacy of FNAC (Table 5).
Galectin-3 immunostaining and the BRAF mutation test did
not improve the triage efficacy or diagnostic accuracy. How-
ever, RAS mutation testing significantly improved the triage
efficacy of FNAC from 76% to 91% ( p < 0.001).

Discussion

Unlike classic PTC, FVPTC shows wide variation in the
distribution of characteristic cytologic features of PTC in
FNAC specimens and is therefore more challenging to diag-
nose (17,26,27). The rate of malignant category of FNAC di-
agnoses in patients with FVPTC ranges from 9% to 38%
(13,14,17,26,27). In our study, 20 (34%) of 59 FVPTCs were
classified as malignant on the FNAC specimens.

The BRAF V600E mutation constitutes the vast majority of
all BRAF alterations detected in thyroid tumors and is found
in about 45% of PTC, with a range of 29–83% (28). Another
BRAF mutation, K601E, has been reported in up to 9% of
FVPTCs (29). The BRAF V600E mutation is present in about
10–20% of FVPTC (27,28,30). We have previously reported
that the BRAF V600E mutation was found in 839 (81%) of 1041
Korean patients with PTC (23). In the present study, the
prevalence of this mutation was 24% for FVPTC and the BRAF
K601E mutation was not found. In a 54-year-old man with a
3.3 cm encapsulated oncocytic FVPTC, we found a deletion of
3 bp, TGA (coding nucleotide 1799–1801), in exon 15 of the
BRAF gene. The in-frame deletion of TGA (c.1799_1801delT-
GA) results in a deletion of lysine at codon 601 and a valine-to-
glutamate substitution at codon 600 in the resultant BRAF
protein (p.V600_K601 > E) while preserving the reading frame
of the coding region of the gene.

Our study revealed a distinct stratification in the molecular
profile of FVPTC according to the severity of the preceding
cytopathologic diagnosis in the Bethesda System. FVPTCs
with FNAC diagnoses of ‘‘benign,’’ ‘‘atypia of undetermined
significance,’’ or ‘‘follicular neoplasm/suspicious for a follic-
ular neoplasm’’ harbored RAS mutations, but no BRAF mu-
tations. A decreasing trend of RAS mutation rate progressing

Table 3. Frequency of Mutations in Follicular

Variant of Papillary Thyroid Carcinoma

for the BRAF and RAS Genes

Nucleotide change Amino acid change
No. of

mutated cases

BRAF codon 600–601
c.1799T > A p.V600E 13/58 (22%)
c.1799_1801delTGA p.V600_K601 > Ea 1/58 (2%)

NRAS codon 12–13
none

NRAS codon 61
c.181C > A p.Q61K 3/54 (6%)
c.182A > G p.Q61R 9/54 (17%)

HRAS codon 12–13
none

HRAS codon 61
c.182A > G p.Q61R 3/54 (6%)

KRAS codon 12–13
none

KRAS codon 61
c.182A > G p.G61R 2/54 (4%)
c.180_181TC > AA p.G61K 1/54 (2%)

aThis rare deletion mutation in the BRAF gene (c.1799_1801
delTGA) converts codons 600 GTG (valine) and 601 AAA (lysine) to
a new single codon GAA (glutamic acid) (p.V600_K601 > E) while
preserving the reading frame of the coding region of the gene.

Table 4. Molecular Genotype According

to the Histologic Subtypes of Follicular Variant

of Papillary Thyroid Carcinoma

Genotype Encapsulated Infiltrative p Total

BRAF
mutation

7/30 (23%) 7/28 (25%) 0.882 14/58 (24%)

RAS
mutation

11/28 (39%) 7/26 (27%) 0.336 18/54 (33%)

Somatic
mutation

18/28 (64%) 14/26 (54%) 0.435 32/54 (59%)

FIG. 1. Molecular genotype according to the diagnostic
categories of fine-needle aspiration cytology. A p-value for
trend was analyzed by the linear-by-linear association test
( ptrend < 0.001). PTC, papillary thyroid carcinoma. Color
images available online at www.liebertpub.com/thy

Table 5. Triage Efficacy for Triggering Surgery

in Fine-Needle Aspiration Cytology

Encapsulated Infiltrative Total

FNAC alone 22/30 (73%) 23/29 (79%) 45/59 (76%)
FNAC &

galectin-3
1/11 (9%) 27/27 (100%) 28/38 (74%)

FNAC & BRAF
mutation

22/30 (73%) 23/28 (82%) 45/58 (78%)

FNAC & RAS
mutation

26/28 (93%) 23/26 (89%) 49/54 (91%)

FNAC & somatic
mutation

27/29 (93%) 25/28 (89%) 52/57 (91%)

FNAC, fine-needle aspiration cytology; triage efficacy, defined as
classification of an FNAC as papillary thyroid carcinoma, suspicious
for malignancy, or follicular neoplasm.
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in severity from benign to malignant FNAC diagnostic cate-
gories was detected. One possible reason for the change in the
molecular profile according to the cytologic diagnosis is the
morphologic heterogeneity of FVPTC. Therefore, the diag-
nosis of FVPTC may not be so clear by microcopy, especially
in the encapsulated subtype. High interobserver variability
has been reported for this tumor (31,32). When there was a
complete agreement about the diagnosis of FVPTC among the
pathologists, the BRAF mutation rate was 25%, whereas no
FVPTCs with a low consensus of diagnosis harbored the
mutation (33). In the present study, there were no significant
differences in the distribution of FNAC diagnoses, galectin-3
positivity, and molecular profiles between encapsulated
FVPTCs and infiltrative FVPTCs. FVPTCs with the lesser
degrees of cytologic features of PTC were diagnosed as ‘‘be-
nign,’’ ‘‘atypia of undetermined significance,’’ or ‘‘follicular
neoplasm/suspicious for a follicular neoplasm’’ and had a
high rate of RAS mutations and no BRAF mutations, whereas
FVPTCs with readily recognizable cytologic features of PTC
were easily diagnosed as malignant/suspicious for malig-
nancy and harbored a high rate of BRAF mutations and a low
rate of RAS mutations. Therefore, in clinical practice, the RAS
mutation test may be more useful as an ancillary test rather
than the BRAF test or galectin-3 immunostaining in the di-
agnosis of FVPTC using FNAC specimens.

Different specimen types of FNAC and surgical specimens
may induce different results of immunostaining and molec-
ular testing in the sample nodule. In our study, cell blocks
were available in 38/59 FNAC specimens. We noted galectin-
3 positivity of 50% (19/38) in FNAC specimens and 76% (44/
58) in surgical tissue. Before this study, we examined the
preliminary concordance of molecular tests between FNAC
and surgical specimens using 20 cell blocks containing suffi-
cient amounts of follicular cells for molecular testing and
corresponding resection specimens. All 20 cases had 100%
concordance of molecular analyses for the BRAF and RAS
genes between the two types of specimens.

RAS mutations are not specific for malignancy but may
occur in benign thyroid lesions. They are found in 40–50% of
conventional follicular carcinomas, about 40% of FVPTCs,
and about 30% of benign follicular adenomas (34). Despite the
lack of specificity for malignancy, it has been reported that
RAS mutation testing improves the diagnostic accuracy of
FNAC (24). In a large prospective study, a RAS-positive
nodule in an FNAC sample had an 87.5% probability of ma-
lignancy (24). Furthermore, RAS-positive follicular adenoma
is likely to progress to follicular carcinoma and FVPTC (24).
For these reasons, surgical resection may be justified in pa-
tients with RAS-positive adenomas for the prevention of their
disease progression. In the present study, the overall RAS
mutation rate of FVPTCs was 33% (18/54). Specifically, the
mutation rates were 67%, 56%, and 63% in FNACs diagnosed
as ‘‘benign,’’ ‘‘atypia of undetermined significance,’’ or ‘‘follic-
ular neoplasm/suspicious for a follicular neoplasm,’’ respec-
tively. Therefore, our study provides evidence that RAS
mutation testing may be diagnostically useful to decrease the
false-negative rate. However, routine molecular testing is not
recommended for all patients with benign cytologic diagnosis.

Out of the three RAS genes (NRAS, HRAS, and KRAS)
found in thyroid cancers, the most frequently affected hot
spots are NRAS codon 61 and HRAS codon 61. Much lower
mutation rates have been found in KRAS codons 12 and 13

(34,35). In the present study, the NRAS codon 61 mutation
was most common. Interestingly, KRAS mutations only in-
volved codon 61, but not codons 12 and 13. These data are
similar to those reported in a recent molecular study in which
the KRAS codon 61 mutation was found in 1 of 22 encapsu-
lated FVPTCs (6). We therefore suggest that KRAS mutation
testing for thyroid cancer should include codon 61 analysis as
well as codons 12 and 13.

We observed that FVPTCs with RAS mutations are larger
than FVPTCs with wild-type RAS. This finding is in accordance
with the data on record (5,19). In follicular thyroid carcinomas,
the presence of a RAS mutation is also correlated with a large
tumor size (34). The NRAS codon 61 mutation is associated
with distant metastasis, and RAS mutations are associated with
poor overall patient survival (36). The NRAS codon 61 muta-
tion has also been reported in FVPTCs with distant metastasis
(5). Gupta et al. (6) observed that encapsulated FVPTC had a
molecular profile and clinical behavior similar to those of in-
filtrative FVPTC. In the present study, there were no differences
in the mutation rates of RAS and BRAF between encapsulated
and infiltrative FVPTC. Tumors with RAS mutations showed
no significant differences in clinicopathologic features com-
pared to the RAS wild-type group. However, limitations of the
present study include a small sample size, retrospective design,
and enrollment of patients with tumors of less than 1 cm in size.
Further studies are needed to elucidate the role of RAS muta-
tions in FVPTC and to clarify the differences between the
clinicopathologic characteristics and prognostic factors in pa-
tients with encapsulated and infiltrative FVPTC.

Out of a total of 59 patients, 3 had a benign cytologic di-
agnosis; however, they underwent surgical excision because
of cytologic diagnoses of PTC or follicular neoplasm in the
opposite lobe, or another fast growing nodule with suspi-
cious sonographic findings in the same lobe (Supplementary
Table S3).

In conclusion, we found that thyroid FNAC had a low
sensitivity for detecting FVPTC regardless of histologic sub-
type. Encapsulated and infiltrative FVPTCs had similar mo-
lecular and galectin-3 expression profiles. RAS mutational
analysis is a useful ancillary tool to improve the triage efficacy
of FNAC for FVPTC, but BRAF testing does not improve the
preoperative diagnostic accuracy of FNAC for FVPTC.
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