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Abstract Thyroid tumors of uncertain malignant potential
(TT-UMP) comprise an accepted subgroup of follicular-
patterned thyroid tumors for which benignancy or malignancy
cannot be precisely assessed. We aimed to evaluate the demo-
graphic characteristics, ultrasound (US) findings, and cytolog-
ical results of patients with TT-UMP and compare these find-
ings to a classical variant of papillary thyroid carcinoma (CV-
PTC) and non-encapsulated follicular variant of PTC (NEFV-
PTC) patients; we also evaluated the immunohistochemical
characteristics of patients with TT-UMP. Twenty-four patients
with TT-UMP, 672 with CV-PTC, and 132 with NEFV-PTC
were included in the study. Mean longitudinal nodule size and
median nodule volume were higher in the TT-UMP group
than in the CV-PTC and NEFV-PTC groups (p<0.001 and
»<0.001 for CV-PTC; p<0.001 and p=0.008 for NEFV-
PTC). The presence of halo and peripheral vascularization
was observed more frequently in the TT-UMP group than in
the CV-PTC group (p=0.002 and p=0.024). Benign and fol-
licular neoplasm/suspicious for follicular neoplasm cytologi-
cal results were higher in the TT-UMP group than in the CV-
PTC group (p=0.030 and p=0.001). US findings were

P< Husniye Baser
drhusniyebaser@yahoo.com.tr

Department of Endocrinology and Metabolism, Ataturk Education
and Research Hospital, Ovecler, 1297 Sokak, No: 1/22,
06460 Ankara, Turkey

Faculty of Medicine, Department of Endocrinology and Metabolism,
Yildirim Beyazit University, Ankara, Turkey

Faculty of Medicine, Department of Biostatistics, Yildirim Beyazit
University, Ankara, Turkey

Faculty of Medicine, Department of Pathology, Yildirim Beyazit
University, Ankara, Turkey

similar between TT-UMP and NEFV-PTC groups (all,
p>0.05). However, none of the patients with TT-UMP were
called malignant; 105 patients (31.2 %) of CV-PTC and 11
patients (9.5 %) of NEFV-PTC (infiltrative FV) were classi-
fied as malignant cytologically. Tumor size was higher in the
TT-UMP group than in the CV-PTC and NEFV-PTC groups
(»<0.001 and p=0.006). In the TT-UMP group, positive ex-
pression of HBME-1, CK-19, and Gal-3 was found in 50,
33.3, and 25 % of patients, respectively. This study demon-
strated that none of the TT-UMP patients were evaluated as
malignant in preoperative cytology. However, patients with
TT-UMP had higher nodule and tumor sizes than CV-PTC
and NEFV-PTC patients; US features were similar between
NEFV-PTC and TT-UMP patients.

Keywords Thyroid tumors of uncertain malignant potential -
Classical variant of papillary thyroid carcinoma -
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Introduction

Papillary thyroid carcinoma (PTC) is the most common type of
thyroid cancer and constitutes approximately 70-90 % of well-
differentiated thyroid malignancies [1-3]. Nuclear changes con-
sistent with PTC, which include nuclear enlargement, nuclear
overlapping, nuclear clearing, nuclear grooves, and cytoplasmic
pseudoinclusions, are the most reliable morphological features
in the diagnosis of PTC; however, these changes can be also
found in benign lesions, such as hyalinizing trabecular adenoma
and Hashimoto thyroiditis [4, 5].

For decades, conventional histological evaluation has
failed to categorize some encapsulated follicular thyroid tu-
mors as benign or malignant because of their overlapping
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histological features [6—8]. Thyroid tumors of uncertain ma-
lignant potential (TT-UMP) are neoplasms that have been
generally accepted as a group of borderline, encapsulated,
follicular-patterned lesions with suspicious architectural and/
or cytological features but do not fulfill the criteria for malig-
nancy. In 2000, Williams proposed a diagnostic terminology
that would better classify these lesions in thyroid pathology:
well-differentiated and follicular tumors of UMP (WDT/FT-
UMP), which refers to the presence of incompletely devel-
oped PTC nuclear changes or questionable capsular/vascular
invasion [9].

Ultrasound (US) plays an important role in thyroid nodule
evaluation. Many authors have reported ultrasonographic
criteria to differentiate benign and malignant thyroid lesions,
and the specific findings of PTC are well defined [10-13].
Findings that suggest PTC are as follows: a hypoechoic nod-
ule, microcalcifications, increased central vascularity, infiltra-
tive margins, and lesions that are higher than they are wide in
the transverse plane [14].

There have been plenty of studies concerning the US fea-
tures of patients with PTC [15—18]. According to our knowl-
edge, no reports have been published to date that evaluate the
preoperative US features of patients with TT-UMP. Moreover,
the clinicopathological and immunohistochemical features of
these patients have been evaluated in only a few studies
[19-24]. In the present study, we aimed to evaluate the demo-
graphic features, preoperative thyroid functions, US findings,
and fine-needle aspiration biopsy (FNAB) results of patients
with TT-UMP and compare the characteristics of these pa-
tients with classical variant of PTC (CV-PTC) and non-
encapsulated follicular variant of PTC (NEFV-PTC) patients.
Lastly, we also aimed to determine the clinicopathological and
immunohistochemical features of patients with TT-UMP.

Materials and Methods

A total of 2870 thyroidectomies were performed from January
2007 to December 2014 in our hospital. The data of 1014
patients with malignant histopathology were evaluated retro-
spectively. In total, 894 patients were diagnosed with PTC by
histopathology. Of these PTC patients, 672 were evaluated as
CV-PTC, 132 as NEFV-PTC, 38 as encapsulated FV-PTC
(EFV-PTC), 17 as oncocytic PTC, 14 as tall cell PTC, 2 as
diffuse sclerosing PTC, and 19 as other variants of PTC. TT-
UMP was reported in 24 patients. Patients with CV-PTC,
NEFV-PTC, and TT-UMP histopathology were included in
the study. Patients with other variants of PTC, follicular thy-
roid carcinoma, medullary thyroid carcinoma, and poorly dif-
ferentiated thyroid carcinoma were excluded from the study.
Moreover, a prior history of head-neck radiotherapy or insuf-
ficient clinical data or histopathological reports were deter-
mined as exclusion criteria.
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The demographic characteristics, preoperative thyroid
functions, thyroid autoantibodies, US findings, and FNAB
results of patients were recorded. All of these data were com-
pared between TT-UMP patients and CV-PTC and NEFV-
PTC patients.

Histopathological specimens of patients with TT-UMP
were re-evaluated by a different experienced pathologist in a
second time. All of the specimens with initial TT-UMP histo-
pathology were classified as same finally. Accordingly, over-
all 24 TT-UMP patients were included to the study. The nu-
clear features, such as nuclei size, nuclear clearing, nuclear
groove, and immunohistochemical staining patterns by using
Hector Battifora Mesothelial Cell-1 (HBME-1), Cytokeratin-
19 (CK-19), and Galectin-3 (Gal-3); of these, patients were
examined. Local ethical committee approval was obtained in
accordance with the ethical standards of the Declaration of
Helsinki.

Histopathology

The histopathological diagnosis of PTC was based on nuclear
features, such as enlarged and elongated nuclei with irregular
contour, chromatin clearing with peripheral margination of
chromatin, nuclear grooves, and intranuclear cytoplasmic
pseudoinclusions. FV-PTC diagnosis was based on a compo-
sition entirely or almost entirely of follicules, which are lined
by cells that have the nuclear features of PTC. Tumors show-
ing questionable capsular invasion were diagnosed as FT-
UMP if PTC-type nuclear changes were absent and as
WDT-UMP if those nuclear changes were questionable
(“incomplete™).

Immunohistochemistry

HBME-1 (1: 20, clone mouse anti-mesothelioma, Diagnostic
BioSystems), CK-19 (1: 100, clone A-53B/A2.26; Thermo
Scientific), and Gal-3 (1:100, mouse anti-Galectin 3 antibody;
Diagnostic BioSystemsDako) antibodies were used in protein
immunohistochemistry (IHC) applied to 4-um-thick tumor
sections obtained from formalin-fixed paraffin embedded
blocks of resection specimens.

IHC was applied using the Benchmark GX Automated
stainer (Ventana medical systems, Tuscon, AZ, US). Antigen
retrieval was standardized at 37 °C for 16 min on the stainer.
Positive and negative controls were used for each antibody.
The following staining patterns were considered positive:
HBME-1 membraneous staining along the lateral and
abluminal surfaces + cytoplasm and cytoplasm and/or mem-
brane expression of CK-19 and Gal-3. Immunoreactivity was
considered positive when at least 10 % of the tumor cells
stained positively for these antibodies. The intensity of stain-
ing was further evaluated via a scoring system, as follows:
“=7 7“7 or “+++” when 0-10 %, 11-40 % (patchy),
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41-70 % (focal) or 71-100 % (diffuse) of the tumor cells
showed positive expression, respectively.

Laboratory

Serum thyrotropin (TSH), free triiodothyronine (fT3), and free
thyroxine (fT4) levels were measured within at least 3 months
prior to surgery in all patients. Chemiluminescence methods
(Immulite 2000, Diagnostic Products Corp., Los Angeles,
CA, USA and UniCel DXI 800, Beckman Coulter, Brea,
CA) were used for the measurement of serum TSH, fT3,
fT4, anti-thyroid peroxidase antibody (anti-TPOAD), and
anti-thyroglobulin antibody (anti-TgAb) levels. The normal
ranges for TSH, fT3, fT4, anti-TPOAD, and anti-TgAb are
0.4-4 pulU/mL, 1.57-4.71 pg/mL, 0.61-1.12 ng/dl, <10 U/
mL, and <30 U/mL, respectively. Thyroid antibody levels
over the upper range were accepted as positive.

Ultrasonography

Esaote color Doppler US (Model 796FDII; MAG Technology
Co. Ltd., Yung-Ho City, Taipei, Taiwan) and a superficial
probe (Model LA523 13-4, 5.5-12.5 MHz) were used for
US evaluation. Ultrasonographic evaluations were performed
by an experienced endocrinologist. The parenchyma of the
thyroid gland were determined to be homogenous or hetero-
geneous. Localization, diameter, volume, echogenicity, tex-
ture, marginal regularity, micro- and macrocalcifications, the
presence of a peripheral halo, and the vascularization of nod-
ules were recorded.

Fine Needle Aspiration Biopsy

FNAB was performed with a 27-gauge needle and a 20-ml
syringe under US guidance (Logic Pro 200 GE and 7.5 MHz
probe; Kyunggigo, Korea) for all nodules >1 cm and nodules
<1 cm in diameter with at least one of the suspicious US
findings. All patients gave informed consent prior to proce-
dure. FNAB results were classified according to the Bethesda
classification system and grouped as nondiagnostic, benign,
atypia of undetermined significance/follicular lesion of unde-
termined significance (AUS/FLUS), follicular neoplasm/
suspicious for follicular neoplasm (FN/SFN), suspicious for
malignancy, and malignant [25, 26]. A nodule was accepted as
nondiagnostic when the result was unsatisfactory in three re-
peated biopsies performed at different times.

Statistical Analysis

All statistical analyses were performed via the SPSS 15.0
software package (SPSS Inc., Chicago, IL, USA).
Descriptive statistics for the constant variables were expressed
as mean=*standard deviation or median (range), and

categorical variables were noted as numerics and percent.
The Chi-square test was used to investigate the difference
between the groups regarding the categorical variables. The
groups were compared by Student’s ¢ test and one-way
ANOVA for the parametric variables and the Mann-Whitney
U test for non-parametric variables. A p value less than 0.05
was considered statistically significant.

Results

Twenty-four patients (16 females, 8 males) with TT-UMP, 672
patients (528 females, 144 males) with CV-PTC, and 132
patients (111 females, 21 males) with NEFV-PTC were en-
rolled in our study.

Distribution of patients according to sex and age was sim-
ilar between goups (p=0.114 and p=0.080, respectively).
There was no significant difference between the thyroid func-
tion tests of TT-UMP group and the CV-PTC and NEFV-PTC
groups (p=0.335 and p=0.146, respectively).
Hyperthyroidism was observed with a higher frequency in
the CV-PTC group than the NEFV-PTC group (p=0.002).
Serum TSH, fT3, and fT4 levels were similar in the three
groups (p=0.138, p=0.737, and p=0.763, respectively) and
there were no significant differences in anti-TPOAD and anti-
TgAb positivity between the groups (p=0.687 and p=0.506,
respectively) (Table 1).

Ultrasonographic Features

The preoperative US findings of 347 nodules with a histopath-
ological diagnosis of CV-PTC, 119 nodules with a histopath-
ological diagnosis of NEFV-PTC, and 24 nodules with a his-
topathological diagnosis of TT-UMP were recorded.

Patents in the TT-UMP group had higher mean longitudinal
nodule size and median nodule volume than patients in the
CV-PTC group (p<0.001 and p<0.001, respectively).
Nodule localization, texture, echogenicity, the presence of
microcalcification, and the presence of macrocalcification
were similar in the TT-UMP and CV-PTC groups. The pres-
ence of halo and peripheral vascularization were observed
more frequently in the TT-UMP group than the CV-PTC
group (p=0.002 and p=0.024, respectively). The presence
of an irregular margin was observed less frequently in the
TT-UMP group than the CV-PTC group (p=10.045) (Table 2).

The TT-UMP group had higher mean longitudinal nodule
size and median nodule volume than the NEFV-PTC group
(»<0.001 and p=0.008, respectively). Nodule localization,
texture, echogenicity, the presence of microcalcification and
macrocalcification, the presence of peripheral halo, marginal
regularity, and peripheral vascularization were all similar be-
tween the TT-UMP and NEFV-PTC groups (p>0.05, for all
parameters) (Table 3).
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Table 1 Demographical features,

laboratory data, and tumor size of CV-PTC NEFV-PTC TT-UMP p
patients with a classical variant of (n=672) (n=132) (n=24)
papillary thyroid carcinoma, non-
encapsulated follicular variant of  Age (year) 49.65+12.41 47.81+12.70 53.62+12.28 0.080
papillary thyroid carcinoma, and Gender
thyroid tumors of uncertain . ) .
malignant potential Male 144 (21.4 %) 21 (159 %) 8(33.3 %) 0.114
Female 528 (78.6 %) 111 (84.1 %) 16 (66.7 %)
Tumor size (mm) 6.0 (0.1-70.0) 14.4 (2.0-80.0) 25.0 (5.0-80.0) <0.001
Thyroid functions
Euthyroid 517 (76.9 %) 118 (89.4 %) 21 (87.5 %) 0.007
Hypothyroid 53 (7.9 %) 8 (6.1 %) 0
Hyperthyroid 102 (15.2 %) 6 (4.5 %) 3(12.5 %)
TSH (uIU/mL) 1.67+1.51 1.82+2.41 1.07+0.73 0.138
T3 (pg/mL) 3.33+146 3.24+0.54 3.40+0.61 0.737
T4 (ng/dl) 1.16+0.35 1.19+0.22 1.14+0.21 0.763
n=540 n=112 n=23
Anti-TPOAD positivity 131 (24.3 %) 29 (25.9 %) 4 (17.4 %) 0.687
Anti-TgAD positivity 135 (25.0 %) 23 (20.5 %) 5(20.8 %) 0.506

CV-PTC classical variant of papillary thyroid carcinoma, NEFV-PTC non-encapsulated follicular variant of
papillary thyroid carcinoma, 77-UMP thyroid tumors of uncertained malignant potential, 7SH thyrotropin, /73
free triiodothyronine, f74 free thyroxine, Anti-TPOAb anti-thyroid peroxidase antibody, Anti-TgAb anti-
thyroglobulin antibody. Significant p values are given in italics

Fine Needle Aspiration Biopsy Results

Preoperative FNAB results were present in 337 patients of the
CV-PTC group, 116 patients of the NEFV-PTC group, and 23
patients of the TT-UMP group. There were no significant dif-
ferences between the TT-UMP and CV-PTC groups concerning
nondiagnostic, AUS/FLUS, and suspicious for malignancy cy-
tological results (p=1.000, p=0.147, and p=0.219, respective-
ly). Benign cytology and FN/SEN were higher in the TT-UMP
group than the CV-PTC group (p=0.030 and p=0.001, respec-
tively); however, while malignant cytology was not present in
any of the TT-UMP patients, 31.2 % patients in the CV-PTC
group had malignant cytology (p=0.003) (Table 2). The distri-
bution of cytological results was similar in the TT-UMP and
NEFV-PTC groups (p=0.327). However, none of the patients
with TT-UMP were called malignant, 11 (9.5 %) patients of
NEFV-PTC (infiltrative FV) were classified as malignant in
preoperative cytology (Table 3).

Clinicopathological and Immunohistochemical
Characteristics of TT-UMP

Twenty-four patients with TT-UMP (21 WDT-UMP, 3 FT-
UMP) were present in this study. The patients’ ages ranged
from 31 to 76 years (53.62+12.28 years). Females predomi-
nated, with a female to male ratio of 2/1 (16 females and 8
males). Twenty-three patients had preoperative FNAB results.
The cytological results of these 23 patients were as follows:
nondiagnostic in 3 patients, benign in 7 patients, AUS/FLUS
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in 7 patients, FN/FNS in 3 patients, and suspicious for malig-
nancy in 3 patients. None of the patients had preoperative
malignant cytology. The median tumor size was 25.0 mm
(minimum 5.0 mm, maximum 80.0 mm) in the TT-UMP
group and evaluated as significantly higher than that of the
CV-PTC and NEFV-PTC groups (» <0.001 and p=0.006, re-
spectively). However, tumor size was <10 mm in only 3 pa-
tients (13.0 %); 20 patients (87 %) had a tumor size >10 mm.
Tumor size was not recorded in 1 patient.

In the TT-UMP group, totally 12 (50 %) patients (3 focal, 9
patchy) had HBME-1 expression. Eight (33.3 %) patients (3
focal, 5 patchy) were positive for CK-19. Gal-3 was stained in
6 (25 %) patients (4 patchy, 2 focal).

Six patients showed the coexpression of HBME-1, CK-19,
and Gal-3. Additionally, one patient was positive for both
HBME-1 and CK-19. Eleven patients had no staining of
HBME-1, CK-19 or Gal-3 (Table 4).

Follow-up data were available for 18 patients, with a me-
dian duration of 4 years (minimum 2 years, maximum 6 years).
None of these patients developed distant metastasis during the
follow-up period (Table 4).

Discussion

Thyroid nodules are frequent in the general population and are
usually discovered during routine medical care. However, it is
estimated that up to 7 % of the general population develops
clinically palpable thyroid nodules, the widely used, new, and
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Table 2 Ultrasonographic
features and fine-needle TT-UMP CV-PTC p
aspiration biopsy results of (n=24) (n=347)
patients in thyroid tumors of
uncertain malignant potential and  Nodule longitudinal diameter (mm) 38.52+24.10 16.07=11.74 <0.001
classical variant of papillary Nodule volume (mL) 8.26 (0.22-121.32) 0.51 (0.01-116.05) <0.001
thyroid carcinoma groups o
Nodule localization
Right lobe 14 (58.3 %) 200 (57.5 %) 0.726
Left lobe 10 (41.7 %) 138 (39.9 %)
Isthmus 0 9 (2.6 %)
Texture
Solid 24 (100 %) 338 (97.4 %) 0.727
Cystic 0 6 (1.7 %)
Mixed 0 3 (0.9 %)
Echogenicity
Isoechoic 12 (50 %) 115 (33.1 %) 0.091
Hypoechoic 2 (8.3 %) 92 (26.5 %)
Isoechoic + hypoechoic 10 (41.7 %) 140 (40.3 %)
Microcalcification 7 (29.7 %) 168 (48.4 %) 0.068
Macrocalcification 5(20.8 %) 118 (34 %) 0.185
Hypoechoic halo 11 (45.8 %) 66 (19 %) 0.002
Irregular margins 12 (50 %) 241 (69.5 %) 0.045
Peripheral vascularization 6 (25 %) 26 (7.5 %) 0.024
FNAB n=23 n=337
Nondiagnostic 3(13 %) 41 (12.2 %) <0.001
Benign 7 (30.4 %) 41 (12.2 %)
AUS/FLUS 7 (30.4 %) 55(16.3 %)
FN/SFN 3 (13 %) 4(1.2 %)
Suspicious for malignancy 3(13 %) 91 (27.0 %)
Malignant 0 105 (31.2 %)

TT-UMP thyroid tumors of uncertain malignant potential, CV-PTC classical variant of papillary thyroid carcino-
ma, FNAB fine-needle aspiration biopsy, A US/FLUS atypia of unknown significance/follicular lesion of unknown
significance, FN/SFN follicular neoplasm/suspicious for follicular neoplasm. Significant p values are given in

italics

more sophisticated diagnostic techniques have led to the dis-
covery of infra-clinical thyroid nodules in 20 to 76 % of the
general population [27, 28]. Most thyroid nodules are benign;
thyroid cancer represents only 5-24 % of thyroid nodules.
PTC is by far the most common type of thyroid malignancy
and is characterized by distinctive nuclear features [29].

In the great majority of cases, the pathological diagnosis of
surgically removed thyroid nodules is possible. Despite all
past and recent efforts, conventional pathology has failed to
classify some follicular-patterned thyroid lesions as benign or
malignant due to the presence of some overlapping histolog-
ical features [6, 7, 29, 30]. These are considered
“controversial” cases, which are generally encapsulated tu-
mors that show no clear signs of invasion and/or have focal
or questionable PTC nuclear features; these are also called TT-
UMP. For tumors showing questionable capsular and/or vas-
cular invasion, it is recommended to call them “FT-UMP” if
papillary carcinoma-type nuclear changes are absent and
“WDT-UMP” if these nuclear changes are imprecise [31].

The incidence of WDT-UMP has been reported as 1.1 %
(30/2648 cases) in the study of Liu etal., 1.5 % (16/1078 cases)
in the study of Hofman et al., and 0.5 % (5/1009 cases) in the
study of Piana et al. [19, 24, 32]. In the present study, the
incidences of WDT-UMP and TT-UMP were 0.7 % (21/2870
cases) and 0.8 % (24/2870 cases), respectively, similar to the
rates in the literature. It has been also reported that there may be
interobserver variation in the diagnosis of TT-UMP [24]. In the
present study, the pathological specimens of 24 patients were
re-evaluated and the diagnosis of TT-UMP was finally made
after a second evaluation. Female dominance has been a strik-
ing feature in previous studies of patients with WDT-UMP [19,
21, 24, 33]. In the present study, females exceeded males in
numbers (F/M =2/1) similar to those reported in the literature.

US plays an important role in the evaluation of thyroid
nodules. Among the US features, hypoechoic pattern, margin
irregularity, the presence of microcalcifications, absent halo
sign, solid pattern, intranodular vascularization, and shape
(taller rather than wide) have been reported to be associated
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Table 3 Ultrasonographic

features and fine-needle aspira- TT-UMP NEFV-PTC p
tion biopsy results of patients in (n=24) (n=119)
thyroid tumors of uncertain ma-
lignant potential fmd non- - Nodule longitudinal diameter (mm) 38.52+24.10 24.20+15.68 <0.001
encapsulated follicular variant of o, 316 volume (mL) 82 (0.22-12132) 2,12 (0.15-86.08) 0.008
papillary thyroid carcinoma o
groups Nodule localization
Right lobe 14 (58.3 %) 71 (59.7 %) 0.628
Left lobe 10 (41.7 %) 44 (37.0 %)
Isthmus 0 434 %)
Texture
Solid 24 (100 %) 117 (98.3 %) 0.815
Cystic 0 1 (0.8 %)
Mixed 0 1 (0.8 %)
Echogenicity
Isoechoic 12 (50.0 %) 56 (47.1 %) 0.819
Hypoechoic 2 (8.3 %) 15 (12.6 %)
Isoechoic + hypoechoic 10 (47.0 %) 48 (40.3 %)
Microcalcification 7 (29.2 %) 51(42.9 %) 0.202
Macrocalcification 5(20.8 %) 37 (31.1 %) 0.303
Hypoechoic halo 11 (45.8 %) 47 (39.5 %) 0.608
Irregular margins 12 (50 %) 56 (47.1 %) 0.886
Peripheral vascularization 6 (25 %) 23 (19.3 %) 0.305
FNAB n=23 n=116
Nondiagnostic 3(13 %) 25(21.6 %) 0.327
Benign 7 (30.4 %) 29 (25.0 %)
AUS/FLUS 7 (30.4 %) 25 (21.6 %)
FN/SFN 3 (13 %) 6(5.2 %)
Suspicious for malignancy 3(13 %) 20 (17.2 %)
Malignant 0 11 (9.5 %)

TT-UMP thyroid tumors of uncertain malignant potential, NEFV-PTC non-encapsulated follicular variant of
papillary thyroid carcinoma, FNAB fine needle aspiration biopsy, AUS/FLUS atypia of unknown significance/
follicular lesion of unknown significance, FN/SFN follicular neoplasm/suspicious for follicular neoplasm.

Significant p values are given in italics

with an increased risk of thyroid cancer [34]. Up to date, the
literature lacks data concerning the preoperative ultrasono-
graphic features of patients with TT-UMP. In the present study,
the ultrasonographic features of patients with TT-UMP were
compared with the features of patients with CV-PTC or NEFV-
PTC. The size of the thyroid nodule is not indicative of malig-
nancy. Moreover, it has been reported that small nodules de-
tected incidentally on US were associated with the same 15—
25 % risk of cancer as larger nodules [35]. In our study, nodule
size and nodule volume were smaller in patients with CV-PTC
and NEFV-PTC than in patients with TT-UMP.

PTC shows a predominantly ill-defined, irregular margin,
hypoechoic (79-90 %), mostly solid (70 %), multifocal (10—
20 %), and specific microcalcifications due to psammoma bod-
ies (4050 %) [36, 37]. Dense calcification is seen in 10 % of all
thyroid nodules [38]. Other studies, however, have also indicat-
ed that dense calcification has no diagnostic value or can even
serve as an indicator for benign lesions [39]. Mixed thyroid
nodules, in which the tumor contains partially solid and cystic
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components, account for about 15.0-53.8 % of all thyroid nod-
ules detected via US, and 17.6 % of all cystic thyroid nodules
are confirmed as malignant after thyroidectomy [40—42]. In our
study, halo sign and peripheral vascularization were high and
irregular margin was low in patients with TT-UMP, compared
to patients with CV-PTC. Other ultrasonographic findings were
similar between these two groups. Additionally, in our study,
the ultrasonographic findings of patients with TT-UMP were
similar to those of patients with NEFV-PTC.

In the present study, the tumor size of patients with TT-
UMP ranged from 5.0 to 80 mm, and 87 % of patients had
tumor size >10 mm. Moreover, tumor size was higher in
patients with TT-UMP than patients with CV-PTC and
NEFV-PTC. The tumor size of patients with TT-UMP is
present in a wide range in other studies. Mean tumor size
was reported as 3.1+ 1.5 cm (range 0.8 to 7.5 cm) for TT-
UMP in the study of Nechifor-Boila et al. [21]. Another
study reported a mean tumor size of 3.2 cm (range 1.0 to
8.0 cm) for WDT-UMP [24].
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FNAB is considered the gold standard in the diagnosis of
thyroid nodules, showing a high sensitivity of 83-98 % [39,
43, 44]. However, the cytological diagnosis of thyroid lesions
often results in overdiagnosis or underdiagnosis because of the
overlapping features between benign and malignant thyroid le-
sions; diagnoses of indeterminate are common and comprise up
to 20 % of all FNAB samples [45—47]. Preoperatively, most of
the TT-UMP patients had benign (30.4 %) or AUS/FLUS
(30.4 %) cytology and none of the patients had malignant cy-
tology in the present study. In addition, benign and FN/SFN
cytology in TT-UMP group were higher than CV-PTC group.

Although no single morphological feature is diagnostic for
malignancy in thyroid lesions, a group of features has to be
considered, especially the nuclear features of PTC. Nishigami
et al. reported the incidence of nuclear grooves in different thy-
roid lesions [23]; although they did not find nuclear grooves in
adenomatous goiter or follicular adenoma, they reported that the
incidence of nuclear groove increased gradually from WDT-
UMP (4.5 %) to PTC (6.5 %) [23]. Yassin Fel-Z found that 16
out of 18 cases (89 %) with WDT-UMP showed a characteristic
incomplete thin groove with irregular distribution [20]. In the
same study, the author reported that 100 % of WDT-UMP le-
sions had nuclear clearing [20]. Liu et al. demonstrated that the
nuclear size of WDT-UMP lesions was 2—4 times that of normal
thyroid follicular cells [19]. In the present study, nuclear clearing
was found in 95.2 % (20/21 cases) of the WDT-UMP patients,
similar to the literature, and the nuclei size was approximately
2.08+0.65 times that of normal thyroid follicular cells.

Several studies demonstrated that immunohistochemistry
may provide additional support in the evaluation and diagnosis
of thyroid lesions. HBME-1, Gal-3, and CK-19 have been the
most frequently used antibodies in thyroid pathology, although a
wide range of sensibility and specificity values of these markers
has been reported by different studies [48—51]. Literature data
are scarce and controversial regarding the expression and possi-
ble diagnostic role of various immunohistochemical markers in
TT-UMP cases [24, 33, 50]. Hofman et al. evaluated 31 cases
with TT-UMP and they did not find any specific immunohisto-
chemical and molecular genetics profiling that could be useful
for detecting a low- or high-risk population of patients among
the different TT-UMP subgroups [24]. Another study demon-
strated a very heterogeneous immunohistochemical profile for
WDT-UMP lesions [21]. Liu et al. reported that the positive
frequencies of Gal-3, CK-19, and HBME-1 were 36.7, 33.3,
and 40.0 %, respectively [19]; this heterogeneous immunohis-
tochemical profile of WDT-UMP had already been stated by
Papotti et al., who demonstrated positive HBME-1 expression
in 9/13 WDT-UMP cases and some degree of positivity with
either HBME-1 or Gal-3 in all of the cases except one [33]. In
our study, positive expression of HBME-1, CK-19 and Gal-3
was found in 50, 33.3, and 25 % of our samples, respectively.
However, we could not evaluate these immunohistochemical
markers in PTC patients in our study.

@ Springer

To date, firmly established management protocols for TT-
UMP do not exist due to their unknown biologic behavior;
however, most of the authors recommend a conservative ap-
proach, such as lobectomy or lobectomy plus isthmectomy
and clinical surveillance, for the treatment of these tumors,
since they seem to have a rather benign course [32, 33, 52,
53]. Liu et al. confirmed that none of the 20 cases of WDT-
UMP with follow-up data developed tumor recurrence during
follow-up of, on average, 8 years [19]. Piana et al. reviewed 67
cases that died of thyroid carcinoma in a cohort of 1009 con-
secutive cases of thyroid carcinoma treated at a single institute
in Italy with an average follow-up of 11.9 years. They found
11 TT-UMP cases in the 1009 cases, and no cancer deaths
occurred among the 11 patients [32]. In another study,
follow-up information was available for 21 of 29 cases with
TT-UMP, with a median follow-up of 4 years, and authors
reported that none of these patients had persistent disease or
developed distant metastasis during the follow-up period [21].
In our study, 18 TT-UMP patients with follow-up information
were evaluated, and we found that none of the patients had
distant metastasis during the follow-up period. Nevertheless,
further studies with more prolonged follow-up periods are
needed in order to evaluate the clinical course and possible
occurrence of distant metastasis.

The major limitation of our study is that we analyzed
the clinical records, US findings, and cytological data of
the patients retrospectively. In the literature, there have
been studies of TT-UMP patients with limited numbers
of cases. Similarly, only 24 patients with TT-UMP were
enrolled in our study. Thereby, the other limitations of
present study are the small sample size and that it did
not evaluate HBME-1, CK-19, and Gal-3 expression in
patients with CV-PTC and NEFV-PTC. Moreover, only
18 patients with TT-UMP had follow-up data; 6 patients
with TT-UMP had no follow-up, and neither did the
CV-PTC or NEFV-PTC patients. This can be accepted
as the other limitation of our study.

In conclusion, the present study is the first to evaluate the
preoperative US findings and FNAB results of patients with
TT-UMP and compare these findings with CV-PTC and
NEFV-PTC patients. This study demonstrated that both nod-
ule and tumor size were higher in TT-UMP patients than in
CV-PTC and NEFV-PTC patients. None of the TT-UMP pa-
tients had malignant cytology versus 9.5 % of NEFV-PTC and
31.2 % of CV-PTC had malignant cytology preoperatively.
US findings were similar in TT-UMP and NEFV-PTC groups.

Compliance with Ethical Standards Local ethical committee approv-
al was obtained in accordance with the ethical standards of the
Declaration of Helsinki.
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