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Background. Hürthle cell thyroid carcinoma (HCTC) is a rare type of thyroid carcinoma. In the present study, we investigated
whether the expression of miRNAs of interest is associated with the occurrence of metastases in patients with HCTC. Materials
and Methods. In 39 patients with HCTC (22 with nonmetastatic and 17 with regional or distant metastatic disease), the expression
levels of six miRNAs (miR-138, miR-183, miR-221, miR-222, miR-768-3p, and miR-885-5p) and U6 snRNA as endogenous control
were determined in FFPE samples of primary tumor and normal thyroid tissue using TaqMan miRNA assays. Results. In patients
with HCTC, miR-138 andmiR-768-3p were downregulated in tumor samples compared to normal tissue (𝑝 = 0.013 and 𝑝 = 0.010,
resp.). These two miRNAs were also significantly downregulated in tumor samples of patients with metastatic disease (𝑝 = 0.030
and 𝑝 = 0.048, resp.) but not in patients with nonmetastatic disease (𝑝 = 0.249 and 𝑝 = 0.101, resp.). In patients with nonmetastatic
disease, miR-221 and miR-885-5p were slightly, albeit significantly, upregulated in tumorous compared to normal tissue (𝑝 = 0.042
and 𝑝 = 0.027, resp.). Conclusion. Expression of miRNA (miR-183, miR-221, andmiR-885-5p) in tumor tissue is associated with the
occurrence of distant metastases in patients with HCTC.

1. Introduction

Hürthle cell carcinoma of the thyroid gland (HCTC) is a
rare type of differentiated thyroid cancer, which accounts
for around 3% of all thyroid malignancies [1, 2]. There are
only a limited number of publications in the literature about
prognostic factors in patients with HCTC [1–15].

According to the World Health Organization classifica-
tion, HCTC is considered an oxyphilic variant of follicular
thyroid carcinoma [16], but genomic dissection of HCTC
revealed a unique class of thyroid malignancy distinct from
papillary and follicular carcinoma [1, 4]. Dettmer et al. found
out that miRNA (miR-885-5p) was found to be strongly upre-
gulated (40-fold) in HCTC but not in classical follicular
thyroid carcinomas, follicular adenomas, or hyperplastic
nodules [17]. So, miR-885-5p may serve as a diagnostic
marker for HCTC. Furthermore, miR-23b was associated

with tumor relapses, while miR-150 was associated with
tumor specific death in poorly differentiated HCTC [18]. In
the present study, we investigated if miRNAs that were pre-
viously reported to be differentially expressed in HCTC are
associated with the occurrence of metastases in patients with
HCTC.

2. Materials and Methods

2.1. Patients. Altogether, 108 patients with HCTC were
treated at our institute from 1972 to 2011. Among these, 32
patients (19 females, 13 males; median age: 64.5 years) had
either an initially proven metastatic disease (𝑁 = 12) or me-
tastatic disease that occurred after initial treatment (𝑁 = 20)
[19]. All the histological slides taken from our patients with
HCTC were examined by a pathologist with experience in
thyroid pathomorphology (BG). HCTCwas diagnosed based
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on the histological criteria defined by Rosai [20], LiVolsi
and Baloch [21], and Nikiforov et al. [22]. All follicular
carcinomas in which at least 75% of the follicular cells had
oncocytic characteristics were included in the study group.
The identification of oncocytic characteristics was based on
the presence of follicular cells with abundant acidophilic,
granular cytoplasm with small or medium sized, round
nuclei with vesicular chromatin and prominent nucleoli. The
diagnosis of malignancy was based on histologic evidence of
vascular and/or transcapsular invasion [20–22] or presence
of nodal or distant metastasis. All patients with Hürthle cell
neoplasms with cells containing typical nuclear features of
papillary carcinoma were excluded from our present study
andwere the subject of one of our previous studies [23]. Seven
patients had poorly differentiated HCTC according to older
criteria [20, 21].

In the whole patient cohort, 39 patients with HCTC
(22 with nonmetastatic and 17 with regional or distant
metastases) fulfilled the histopathological criteria and also
had available clinical data and a sufficient amount of formalin
fixed paraffin embedded (FFPE) samples to be included in
the present study. Only two of 39 cases had HCTC which
fulfilled diagnostic criteria for poorly differentiated thyroid
carcinoma (Turin criteria): the presence of solid/trabecular/
insular growth pattern, absence of conventional nuclear
features of papillary carcinoma, and the presence of at least
one of the following features: convoluted nuclei, mitotic
activity ≥3/10 high-power fields, or tumor necrosis [24].

We reviewed the medical charts and collected data on
patients’ gender, age, clinical and histopathological factors,
tumor stage, and recurrence.The tumor stage and presence of
regional and/or distant metastases were assessed by the TNM
clinical classification according to the UICC criteria from
2009 [25]. All patients with HCTC were monitored regularly
at least once per year at our institute for possible recurrent or
metastatic disease as already reported by our group [15, 19].

The Medical Ethics Committee of the Republic Slovenia
and The Protocol Review Board and Ethics Committee
of the Institute of Oncology reviewed and approved the
study, which was conducted in accordance with the ethical
standards prescribed in the Declaration of Helsinki. For ret-
rospective studies, written consent is not necessary according
to national regulations. The need for consent was waived by
the Institutional Review Board and Ethics Committee of the
Institute of Oncology Ljubljana.

2.1.1. DNA Isolation and Genotyping. Hematoxylin and eosin
(H&E) stained slides from FFPE samples were reviewed by
the pathologist, who confirmed the diagnosis and selected
areas representative of both HCTC and normal tissue. Two
to three cores (1mm in diameter) of histologically confirmed
HCTC and of normal tissue were obtained from each spec-
imen. For all the patients, miRNA was extracted from FFPE
samples of primary tumor and of normal thyroid tissue using
Qiagen miRNeasy FFPE Kit (Quiagen, Hilden, Germany)
according to themanufacturer’s instructions. Quality of RNA
and its size were assessed using the Agilent Small RNA
kit (Agilent Technologies, California, USA). The expression

of six miRNAs (miR-138, miR-183, miR-221, miR-222, miR-
768-3p, and miR-885-5p) and U6 snRNA as endogenous
control was determined using TaqMan MicroRNA Reverse
Transcription Kit and specific TaqMan miRNA assays (Taq-
Man, Applied Biosystems, California, USA). Reactions for all
miRNA assays and for all normal and tumor samples were
performed in triplicate using the same amount of isolated
RNA. Specific miRNAs, which were analyzed in our study,
were selected based on data from the literature [17, 26–28].

2.1.2. Statistical Analysis. Median and interquartile ranges
were used to describe continuous variables, while frequencies
were used to describe the distribution of categorical variables.
Relative quantification was used to compare miRNA levels.
The Wilcoxon test for paired samples was used to compare
the relative expression levels of miRNA normalized to U6
snRNA expression in tumor and normal samples from each
patient, while theMann-WhitneyU test was used to compare
relative expression of miRNA calculated as the fold change
of expression of miRNA of interest in tumor samples with
the expression of miRNA of interest in normal samples (both
normalized to U6 snRNA expression) among patients with
and without metastases. All statistics were analyzed using
IBM SPPS Statistics version 19.0 (IBMCorporation, Armonk,
NY, USA). The level of statistical significance was set at 0.05.

3. Results

The present study included 39 patients with HCTC. Among
them, 22 patients had a nonmetastatic and 17 a regional
or distant metastatic disease. Four patients had regional or
distant metastases at the time of diagnosis, while 13 patients
had regional or distant recurrence. The patients’ clinical and
pathomorphological characteristics are given in Table 1.

Patients with a metastatic disease were 11 years older than
patients with a nonmetastatic disease (𝑝 = 0.006) and had
a significantly larger median size of their initial tumor (6.5
versus 3 cm) (𝑝 = 0.001). They also had a significantly higher
percentage of tumors in stage pT3 or stage pT4 (𝑝 = 0.008).
The extent of vascular invasion and transcapsular invasion
and poorly differentiated morphology as assessed by Turin
criteria were not associated with metastatic disease (Table 1).

The relative expression of miRNAs in normal and tumor
samples of all patients, patients without metastases, and
patients with metastases is presented in Tables 2, 3, and
4, respectively. A comparison of the relative expressions of
miRNA among patients withoutmetastases and patients with
metastases is presented in Table 5.

In all patients with HCTC,miR-138 andmiR-768-3p were
downregulated in tumor samples compared to normal tissue
(𝑝 = 0.013 and𝑝 = 0.010, resp.) (Table 2).These twomiRNAs
were also significantly downregulated in tumor samples com-
pared to normal tissue frompatients with ametastatic disease
(𝑝 = 0.030 and 𝑝 = 0.048, resp.) (Table 4) but not in patients
with a nonmetastatic disease (𝑝 = 0.249 and 𝑝 = 0.101, resp.)
(Table 3). In patients with a nonmetastatic disease, miR-221
andmiR-885-5pwere slightly, albeit significantly, upregulated
in tumorous compared to normal tissue (𝑝 = 0.042 and
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Table 1: Clinical, demographic, and histopathological characteris-
tics of patients with Hürthle cell thyroid carcinoma.

Without
metastases
(𝑁 = 22)

With
metastases
(𝑁 = 17)

𝑝 value

Median age [years]
(range) 52 (19–82) 63 (36–85) 0.006

Gender female [𝑁] (%) 15 (68) 10 (59) 0.546
Median tumor diameter
[cm] (range) 3 (1.8–6.5) 6.5 (3–18) 0.001

pT3 or pT4 tumor stage
(%) 8 (36) 14 (82) 0.008

N1 or N2 stage (%) 1 (4) 3 (18) 0.300
M1 stage (%) 0 (0) 2 (12) 0.184
Poorly differentiated
tumor, Turin criteria (%) 1 (4) 1 (6) 1.000

Widely invasive (%) 5 (22) 4 (24) 0.95
Minimally invasive (%) 17 (77) 11 (65) 0.39
Extensive vascular
invasion (%) 4 (18) 5 (29) 0.46

Transcapsular invasion
(%) 9 (41) 4 (24) 0.32

Recurrence (%) 0 (0) 15 (88) —

Table 2: Relative expression of miRNAs in normal and tumor
samples of all patients.

miRNA

Relative
expression in
normal tissue

Median
(25–75%)

Relative
expression in
tumor tissue
Median
(25–75%)

𝑝 value
(Wilcoxon test
for paired
samples)

miR-138 1.54 (0.37–5.92) 0.15 (0.03–0.90)
[1] 0.013

miR-183 0.02 (0.01–0.08)
[3]

0.02 (0.01–0.13)
[3] 0.357

miR-221 0.56 (0.26–1.95) 0.77 (0.20–4.08)
[2] 0.645

miR-222 3.66 (1.76–8.23)
[6]

4.00 (1.68–17.6)
[6] 0.264

miR-768-3p 4.02 (1.64–9.76)
[1]

1.72 (0.74–3.47)
[2] 0.010

miR-885-5p 0.01 (0.00–0.06)
[3]

0.02 (0.00–0.06)
[1] 0.706

The amount of missing data is presented in brackets [].

𝑝 = 0.027, resp.) (Table 3). When fold change of miRNA
expression in tumor versus normal samples was compared
between patients with and without a metastatic disease,
significant downregulation of miR-183, miR-221, and miR-
885-5p was observed in patients with a metastatic disease
(𝑝 = 0.027, 𝑝 = 0.019, and 𝑝 = 0.024, resp.) (Table 5).

The expression of investigated miRNA in two patients
with poorly differentiated tumors was similar to the expres-
sion in patients with well differentiated tumors. Comparing
these two poorly differentiated tumors with the rest, relative

Table 3: Relative expression of miRNAs in normal and tumor
samples of patients without metastases.

miRNA

Relative
expression in
normal tissue

Median
(25–75%)

Relative
expression in
tumor tissue
Median
(25–75%)

𝑝 value
(Wilcoxon test
for paired
samples)

miR-138 0.78 (0.08–2.65) 0.09 (0.01–1.40) 0.249
miR-183 0.02 (0.00–0.04) 0.03 (0.01–0.20) 0.067
miR-221 0.30 (0.15–0.60) 0.61 (0.14–5.79) 0.042
miR-222 3.43 (1.56–5.12) 4.18 (1.7–16.50) 0.123
miR-768-3p 3.00 (1.56–5.51) 1.80 (0.72–5.75) 0.101

miR-885-5p 0.01 (0.00–0.01)
[1] 0.02 (0.00–0.07) 0.027

The amount of missing data is presented in brackets [].

Table 4: Relative expression of miRNAs in normal and tumor
samples of patients with metastases.

miRNA

Relative
expression in
normal tissue

Median
(25–75%)

Relative
expression in
tumor tissue
Median
(25–75%)

𝑝 value
(Wilcoxon test
for paired
samples)

miR-138 5.66 (1.35–42.5) 0.36 (0.12–1.19)
[1] 0.030

miR-183 0.09 (0.02–0.4)
[3] 0.02 (0–0.11) [3] 0.286

miR-221 2.4 (0.39–11.18) 0.77 (0.2–3) [2] 0.061

miR-222 10.12
(1.88–22.34) [6]

3.7 (1.04–27.52)
[6] 0.790

miR-768-3p 7.08 (2.5–28.58)
[1]

1.28 (0.76–2.53)
[2] 0.048

miR-885-5p 0.04 (0.01–1.05)
[2]

0.02 (0.01–0.08)
[1] 0.074

The amount of missing data is presented in brackets [].

expression of miR-138 was 0.14 (0.05–0.14) compared to 0.13
(0.01–1.09). For miR-221, relative expression was 0.96 (0.08–
0.96) compared to 1.06 (0.28–9.10), for miR-222, 1.64 (0.10–
1.64) compared to 0.99 (0.46–6.36), for miR-768-3p, 0.53
(0.08–0.53) compared to 0.62 (0.08–1.11), and for miR-885-
5p, 0.51 (0.00–0.51) compared to 1.04 (0.28–5.39). More-
over, miRNA expression in patients with minimally invasive
tumors did not differ significantly frommiRNA expression in
patients with widely invasive or poorly differentiated tumors
(Table 6).

4. Discussion

In the present study, we investigated factors associated with
the occurrence of distant metastases in patients with HCTC.
A significant difference in age was observed between the
metastatic group and nonmetastatic HCTC group, with
patients in the HCTC group being 11 years older and having
a significantly larger median initial tumor size (6.5 versus
3 cm) and higher pT stage. These findings are consistent
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Table 5: Comparison of relative expressions of miRNA between patients without metastases and patients with metastases.

miRNA All patients Patients without metastases Patients with metastases 𝑝 value Mann-Whitney U test
miR-138 0.13 (0.01–0.99) [1] 0.19 (0.02–1.68) 0.06 (0.01–0.64) [1] 0.261
miR-183 1.23 (0.57–5.75) [6] 1.54 (0.76–11.02) 0.63 (0.07–1.64) [6] 0.027
miR-221 1.06 (0.26–8.76) [2] 2.89 (0.47–22.20) 0.35 (0.07–1.83) [2] 0.019
miR-222 0.99 (0.45–5.63) [6] 1.02 (0.54–9.01) 0.68 (0.23–2.52) [6] 0.181
miR-768-3p 0.62 (0.19–1.06) [3] 0.66 (0.26–1.19) 0.42 (0.08–1.00) [3] 0.218
miR-885-5p 1.03 (0.20–5.32) [4] 2.84 (0.42–9.98) [1] 0.45 (0.02–1.25) [3] 0.024
The amount of missing data is presented in brackets [].

Table 6: Comparison of relative expressions of miRNA between
patients with minimally invasive tumors and patients with widely
invasive or poorly differentiated tumors.

miRNA
Minimally
invasive
tumors

Widely
invasive/poorly
differentiated

tumors

𝑝 value
(Mann-Whitney

U test)

miR-138
0.12

(0.01–0.71)
[1]

0.23 (0.05–1.64) 0.394

miR-183
1.06

(0.57–3.95)
[3]

1.35 (0.24–11.21) [3] 0.867

miR-221 0.59
(0.25–4.6) [1]

3.23 (0.25–12.24)
[1] 0.356

miR-222
0.98

(0.47–6.73)
[4]

1.97 (0.28–5.09) [2] 0.872

miR-768-3p 0.42
(0.18–1.01) [3] 0.64 (0.21–1.18) 0.932

miR-885-5p 1.13
(0.11–5.39) [3] 0.97 (0.45–5.91) [1] 0.827

The amount of missing data is presented in brackets [].

with previous reports [15, 29, 30]. Extent of invasion or
differentiation was not associated with metastatic disease in
our present study.

MiRNAs can function as oncogenes or tumor suppressor
genes by regulating the expression of target genes through
loss or gain of miRNA functions [31]. Accounts of the
usefulness of various miRNAs for diagnostic purposes in
Hürthle cell neoplasms have been already published [17, 26],
but to our knowledge, there are only very limited data in
the literature about miRNAs and occurrence of metastases in
patients with HCTC and our study is the first investigating
miRNA expression only in HCTC using paired normal and
tumor tissue, as well as investigating the association with
metastatic disease.

An important finding of our study is that significantly
reduced expression ofmiR-138 andmiR-768-3pwas observed
when tumor samples were compared to normal tissue in all
HCTC patients and also in patients with distant metastases.
The same trend, though insignificant, was seen in patients
without metastases. However, the relative expression of these

two miRNAs was not significantly different in patients with-
out metastases compared to patients with metastatic disease.
Vriens et al. [26] compared miRNA expression in different
types of thyroid lesions. Compared to benign tumors, miR-
100, miR-125b, miR-138, and miR-768-3p were significantly
downregulated in all malignant tumors, including HCTC
[26]. Our results on miR-138 and miR-768-3p are in accor-
dance with this study that reported that these miRNAs
would be useful in diagnostic discrimination between benign
Hürthle cell tumors and HCTC as the diagnostic accuracy
of miR-138 and miR-768-3p for Hürthle cell neoplasms in
their study was 98% [26]. Mitomo et al. reported that miR-
138 is regulating the human telomerase reverse transcriptase
(hTERT) resulting in progressive shortening of telomeres
[32], suggesting that the role of miR-138 in cancer is biologi-
cally plausible.

In our study, there were no significant differences in
expression of miR-885-5p between HCTC and normal thy-
roid tissue when all patients were analyzed. On the other
hand, we have observed a slightly decreased miR-885-5p
relative expression in tumor compared to normal tissue of
patients with metastatic HCTC; however, in patients without
metastases, the relative expression of miR-885-5p was signif-
icantly higher in HCTC compared to normal thyroid tissue,
although all the levels were low. The highest relative expres-
sion levels of miR-885-5p were observed in the tumor tissue
of HCTC patients without metastases and were significantly
higher compared to patients withmetastatic disease. Dettmer
et al. found miRNA (miR-885-5p) to be strongly upregulated
(from 4-fold to 191-fold) in 88% of patients with HCTC in
comparison to benign tumors [17], while we only observed
upregulation in nonmetastatic disease. So, miR-885-5p may
serve as a diagnostic marker for HCTC; however, more
studies are needed to elucidate its role in metastatic disease.

We found no significant differences in expression of miR-
221 between HCTC and normal thyroid tissue when all
patients were analyzed. Significant upregulation of miR-221
was observed in our study in HCTC compared to normal
thyroid tissue only in patients without metastases, while in
metastatic disease the relative expression in tumor tissue was
lower, but it did not reach statistical significance. Further-
more, when the fold change of miRNA expression in tumor
versus normal samples was compared between patients with
andwithoutmetastatic disease, significant downregulation of
miR-221 was observed in patients with a metastatic disease.
Additionally, miR-183 was significantly downregulated in
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patients withmetastases compared to patients withoutmetas-
tases. MiR-183 and especially miR-221 are often upregulated
compared to normal tissue in different tumors, including
thyroid cancer [17, 18]. Overexpressed miR-221 in papillary
thyroid carcinomas regulates p27 protein levels and cell cycle
[33]. However, different subtypes of HCTC can have different
miRNA expression pattern, and both miR-183 and miR-221
showed loss of expression in poorly differentiated HCTC
[18]. Our results are therefore in concordance with previous
studies, as we only observed upregulation of miR-221 in
tumor compared to normal tissue in nonmetastatic disease,
but therewas important downregulation ofmiR-183 andmiR-
221 in metastatic disease.

Different subtypes of HCTC can have different prognosis;
therefore, it would be useful to determine specific miRNA
expression profile that would also facilitate diagnosis for
each of them. Previous studies about prognosis of patients
with HCTC focused mostly on poorly differentiated tumors.
Dettmer et al. [18] used PCR microarrays to study the
expression of 768 miRNAs in 14 poorly differentiated, 13
oncocytic poorly differentiated, and 72 well differentiated
thyroid carcinomas and 8 normal thyroid specimens. Several
miRNAs were deregulated in poorly differentiated onco-
cytic tumors compared to normal tissue, including miR-
221 and miR-885-5p. However, when poorly differentiated
HCTCs were compared to well differentiated HCTCs, miR-
125a-5p, miR-183-3p, miR-219-5p, miR-221, and miR-885-
5p showed loss of expression [18]. In our study, only two
cases fulfilled Turin criteria [24] for poorly differentiated
thyroid carcinoma, making it difficult to compare miRNA
expression. But we found no significant differences of relative
expression of miRNA in patients with minimally invasive
tumors in comparison to patients with widely invasive or
poorly differentiated tumors.

Dettmer et al. [18] also observed thatmiR-23b was associ-
ated with tumor relapses, while miR-150 was associated with
tumor specific death in patients with poorly differentiated
HCTC [18]. Data about the predictive value of miR23-b and
miR-150 were not published at the time when our study was
planned. Because of the limited funds for our study, we did
not analyze a wider range of miRNAs and, unfortunately,
miR-150 andmiR-23bwere not included in our panel of tested
miRNAs.

It has to be noted that comparison of miRNA studies can
be difficult, as rarely the same comparisons are performed:
the main differences are usually the type of samples used
as controls (normal tissue samples may be from the same,
matched, or unrelated patients) and methods used for the
normalization of the results. Previous studies regarding thy-
roid carcinoma used different standards for normalization,
making it difficult to directly compare the results. Among
the studies most relevant for HCTC, one study used U18
for normalization of miRNA expression [24], while two used
RNU44 and U6 [17, 18], suggesting that attention should be
paid to normalization when comparing results.

Our study also faced limitations such as a small samples
size and a limited set of included miRNAs. We have therefore
made use of very strict inclusion criteria to decrease the
heterogeneity among patients. Furthermore, all the patients

were from a small and genetically homogenous population
andwere treated and followed up in the same institution. One
important advantage of our study was also the use of paired
normal and tumor tissue samples, as this could help uncover
specific differences in miRNA expression. Moreover, we were
the first to compare miRNA expressions in patients with and
without metastatic disease. This allowed us to identify some
miRNAs that are differentially expressed between the tumor
and normal HCTC tissue and that could be further validated
as biomarkers of metastatic disease in larger patient sets.

5. Conclusions

Themost important finding of our study was that expression
of miRNA (miR-183, miR-221, and miR-885-5p) in tumor
tissue was associated with occurrence of distant metastases
in patients with HCTC.

Competing Interests

The authors declare that they do not have any competing
interests with regard to this paper.

Acknowledgments

This paper is a part of the Research Study nos. P3-0289 and
P1-0170 supported by the Ministry of Education, Science and
Sport of Republic of Slovenia.

References

[1] A.-M. Chindris, J. D. Casler, V. J. Bernet et al., “Clinical and
molecular features ofHürthle cell carcinomaof the thyroid,”The
Journal of Clinical Endocrinology and Metabolism, vol. 100, no.
1, pp. 55–62, 2015.

[2] I. Ganly, J. Ricarte Filho, S. Eng et al., “Genomic dissection
of Hurthle cell carcinoma reveals a unique class of thyroid
malignancy,” Journal of Clinical Endocrinology and Metabolism,
vol. 98, no. 5, pp. E962–E972, 2013.

[3] Y. Kushchayeva, Q.-Y. Duh, E. Kebebew, and O. H. Clark,
“Prognostic indications for Hürthle cell cancer,” World Journal
of Surgery, vol. 28, no. 12, pp. 1266–1270, 2004.

[4] N. Bhattacharyya, “Survival and prognosis in Hürthle cell
carcinoma of the thyroid gland,” Archives of Otolaryngology—
Head and Neck Surgery, vol. 129, no. 2, pp. 207–210, 2003.

[5] E. J. Kuo, S. A. Roman, and J. A. Sosa, “Patients with follicular
and Hurthle cell microcarcinomas have compromised survival:
a population level study of 22,738 patients,” Surgery, vol. 154, no.
6, pp. 1246–1254, 2013.

[6] P. Goffredo, S. A. Roman, and J. A. Sosa, “Hurthle cell carci-
noma: a population-level analysis of 3311 patients,” Cancer, vol.
119, no. 3, pp. 504–511, 2013.

[7] S. Nagar, B. Aschebrook-Kilfoy, E. L. Kaplan, P. Angelos, and R.
H. Grogan, “Hurthle cell carcinoma: an update on survival over
the last 35 years,” Surgery, vol. 154, no. 6, pp. 1263–1271, 2013.

[8] R. G. Watson, M. D. Brennan, and J. R. Goellner, “Invasive
Hurthle cell carcinoma of the thyroid: natural history and
management,”Mayo Clinic Proceedings, vol. 59, no. 12, pp. 851–
855, 1984.



6 International Journal of Endocrinology

[9] M. L. Carcangiu, S. Bianchi, D. Savino, I. M. Voynick, and J.
Rosai, “Follicular Hurthle cell tumors of the thyroid gland,”
Cancer, vol. 68, no. 9, pp. 1944–1953, 1991.

[10] A. Khafif, R. A. Khafif, and J. N. Attie, “Hürthle cell carcinoma:
a malignancy of low-grade potential,” Head and Neck, vol. 21,
no. 6, pp. 506–511, 1999.

[11] A. Stojadinovic, R. A. Ghossein, A. Hoos et al., “Hürthle
cell carcinoma: a critical histopathologic appraisal,” Journal of
Clinical Oncology, vol. 19, no. 10, pp. 2616–2625, 2001.

[12] A. Stojadinovic, A. Hoos, R. A. Ghossein et al., “Hürthle cell
carcinoma: a 60-year experience,” Annals of Surgical Oncology,
vol. 9, no. 2, pp. 197–203, 2002.

[13] L. Lopez-Penabad, A. C. Chiu, A. O. Hoff et al., “Prognostic
factors in patients with Hürthle cell neoplasms of the thyroid,”
Cancer, vol. 97, no. 5, pp. 1186–1194, 2003.

[14] I. Paunovic, K. Krgovic, S. Tatic et al., “Surgery for thyroid
Hürthle cell tumours—a single institution experience,” Euro-
pean Journal of Surgical Oncology, vol. 32, no. 4, pp. 458–461,
2006.

[15] R. Petric, B. Gazic, andN. Besic, “Prognostic factors for disease-
specific survival in 108 patients with Hürthle cell thyroid
carcinoma: a single-institution experience,” BMC Cancer, vol.
14, article 777, 2014.

[16] C. Hedinger, E. D. Williams, and L. H. Sobin, “The WHO
histological classification of thyroid tumors: a commentary on
the second edition,” Cancer, vol. 63, no. 5, pp. 908–911, 1989.

[17] M. Dettmer, A. Vogetseder, M. B. Durso et al., “MicroRNA
expression array identifies novel diagnosticmarkers for conven-
tional and oncocytic follicular thyroid carcinomas,” Journal of
Clinical Endocrinology andMetabolism, vol. 98, no. 1, pp. E1–E7,
2013.

[18] M. S. Dettmer, A. Perren, H. Moch, P. Komminoth, Y. E.
Nikiforov, and M. N. Nikiforova, “MicroRNA profile of poorly
differentiated thyroid carcinomas: new diagnostic and prognos-
tic insights,” Journal of Molecular Endocrinology, vol. 52, no. 2,
pp. 181–189, 2014.

[19] N. Besic, A. Schwarzbartl-Pevec, B. Vidergar-Kralj, T. Crnic,
B. Gazic, and M. Marolt Music, “Treatment and outcome of
32 patients with distant metastases of Hürthle cell thyroid
carcinoma: a single-institution experience,” BMC Cancer, vol.
16, article 162, 2016.

[20] J. Rosai, “Tumors of thyroid gland,” inAtlas of Tumor Pathology,
J. Rosai, M. L. Carcangiu, and R. A. DeLellis, Eds., pp. 31–50,
Armed Forces Institute of Pathology, Washington, DC, USA,
1992.

[21] V. A. LiVolsi and Z. W. Baloch, “Follicular neoplasms of the
thyroid: view, biases, and experiences,” Advances in Anatomic
Pathology, vol. 11, no. 6, pp. 279–287, 2004.

[22] Y. E. Nikiforov, P. W. Biddinger, L. D. R. Thompson, Y. E.
Nikiforov, andN. P. Ohori, “Follicular carcinoma,” inDiagnostic
Pathology andMolecular Genetics of theThyroid, Y. E. Nikiforov,
P. W. Biddinger, and L. D. R. Thompson, Eds., pp. 152–182,
Lippincott Williams & Wilkins, Philadelphia, Pa, USA, 2nd
edition, 2012.

[23] N. Besic, M. Hocevar, J. Zgajnar, R. Petric, and G. Pilko,
“Aggressiveness of therapy and prognosis of patients with
Hürthle cell papillary thyroid carcinoma,” Thyroid, vol. 16, no.
1, pp. 67–72, 2006.

[24] M. Volante, P. Collini, Y. E. Nikiforov et al., “Poorly differ-
entiated thyroid carcinoma: the Turin proposal for the use
of uniform diagnostic criteria and an algorithmic diagnostic

approach,” American Journal of Surgical Pathology, vol. 31, no.
8, pp. 1256–1264, 2007.

[25] L. H. Sobin, M. K. Gospodarowicz, and C. Wittekind, “Thy-
roid gland (ICD-O C73),” in TNM Classification of Malignant
Tumours, L. H. Sobin, M. K. Gospodarowicz, and C. Witekind,
Eds., pp. 58–62, Wiley-Blackwell, New York, NY, USA, 7th
edition, 2009.

[26] M. R. Vriens, J. Weng, I. Suh et al., “MicroRNA expression
profiling is a potential diagnostic tool for thyroid cancer,”
Cancer, vol. 118, no. 13, pp. 3426–3432, 2012.

[27] X. M. Keutgen, F. Filicori, M. J. Crowley et al., “A panel of four
miRNAs accurately differentiates malignant from benign inde-
terminate thyroid lesions on fine needle aspiration,” Clinical
Cancer Research, vol. 18, no. 7, pp. 2032–2038, 2012.

[28] M. Kitano, R. Rahbari, E. E. Patterson et al., “Expression profil-
ing of difficult-to-diagnose thyroid histologic subtypes shows
distinct expression profiles and identify candidate diagnostic
MicroRNAs,” Annals of Surgical Oncology, vol. 18, no. 12, pp.
3443–3452, 2011.

[29] Y. W. Zhang, D. Y. Greenblatt, D. Repplinger et al., “Older
age and larger tumor size predict malignancy in Hürthle cell
neoplasms of the thyroid,” Annals of Surgical Oncology, vol. 15,
no. 10, pp. 2842–2846, 2008.

[30] K. Sugino, K. Ito, T. Mimura, K. Kameyama, H. Iwasaki, and
K. Ito, “Hürthle cell tumor of the thyroid: analysis of 188 cases,”
World Journal of Surgery, vol. 25, no. 9, pp. 1160–1163, 2001.

[31] M. Galasso, S. K. Sandhu, and S. Volinia, “MicroRNA expres-
sion signatures in solid malignancies,” Cancer Journal, vol. 18,
no. 3, pp. 238–243, 2012.

[32] S. Mitomo, C. Maesawa, S. Ogasawara et al., “Downregulation
of miR-138 is associated with overexpression of human telom-
erase reverse transcriptase protein in human anaplastic thyroid
carcinoma cell lines,”Cancer Science, vol. 99, no. 2, pp. 280–286,
2008.

[33] R. Visone, L. Russo, P. Pallante et al., “MicroRNAs (miR)-221
and miR-222, both overexpressed in human thyroid papillary
carcinomas, regulate p27Kip1 protein levels and cell cycle,”
Endocrine-Related Cancer, vol. 14, no. 3, pp. 791–798, 2007.


