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Abstract

Thyroid nodules are very frequent in the general population, with a very low occurrence of malignancy among them, so that it is a challenge to identify nodules
suspected of malignancy and to make the necessary decision of conduct. A study was conducted on 517 patients of both sexes seen at the Endocrinology Outpatient
Clinic of UNAERP, a secondary health service. The sample consisted of 464 women (80.97%) and 53 men (20.03%) ranging in age from 15 to 89 years (mean: 52.3
years, 51.8 years for women and 57.1 years for men). All patients had clinically diagnosed thyroid nodules, later confirmed by specific examination. A total of 1808
nodules were studied (1468 in women and 340 in men). The study was approved by the “Plataforma Brasil” Protocol 96398818.0.0000.5498 Ethics Committee and
all patients gave written informed free consent to participate. We are aware of the fact that the diagnosis of malignancy for a thyroid nodule is a puzzle and that each
investigative exam performed corresponds to one of its parts. The more exams we can perform, the easier it will be to reach a correct diagnosis. However, if the number
of exams should be limited for economic reasons, in our opinion, the option should be for ultrasound-guided thyroid FNB associated with TI-RADS classification,

despite its limitations.

Introduction

The thyroid, a word whose name originates from the Greek word
(tiros) which means “shield”, is the first endocrine gland to form in the
human embryo, developing during the third week of intrauterine life in
the direction of the caudal region, accompanying the migration of the
aortic arch [1].

The embryogenesis of the thyroid is complete at about the third
month of pregnancy, with the rudimentary thyroid being bilobulated
and linked by a ventral isthmus located between the second and third
ring of the trachea and growing laterally even after birth (Table 1).
Distribution of the mean values of the laboatory parameters of thyroid
function.

The thyroid has a highly organized structure that can synthesize
and store large amounts of its secretion products, ie., the thyroid

Table 1. Distribution of the mean values of the laboatory parameters of thyroid function

Mean values
TSH T4L ANTITPO T,
BETHESDA (ulU/ml) (ng/dl) (IU/ml) (ng/rgnl) ANTITg
1 1.94 1.14 18.64 39.01 121.77
2 2.50 1.23 68.77 57.69 61.03
3 0.56 1.07 26.87 207.33 13.67
4 5.88 1.04 11.50 0.40 15.75
5 2.00 1.37 24.13 42.14 141.83
6 6.38 3.49 10.43 163.00 87.66
Not done 4.56 1.14 114.82 38.11 119.22
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hormones triiodothyronine (T3) and thyroxine (T4). The gland consists
of follicles, spherical structures of 200 to 900 pum consisting of a single
layer of epithelial cells - follicular cells — that limit a central lumen filled
with colloid. These cells are cuboid (15 mm high in the normal status),
polarized and with the apex turned towards the follicular lumen [2].

The colloid is viscous and mainly consists of one glycoprotein
— thyroglobulin (Tg) — which anchors in its peptides (tyrosine) the
precursors of all thyroid hormones. The colloid of different follicles
may have different colors, being basophilic or acidophilic according
to its composition and reflecting the activity of each follicle. Colloid
reabsorption occurs in the apical portion of the cytoplasm in the form
of periodic acid Schiff (PAS)-positive droplets. This region is rich in
lysosomes that can process the colloidal material, disaggregating T4
and T3 from the thyroglobulin molecule [2].

The height of the follicular cells, the dimensions of the follicles
and the quantity of colloid vary according to the functional activity of
the gland, which is predominantly controlled by pituitary thyrotropin
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hormone (TSH) according to the levels of circulating thyroid
hormones (negative feedback). Imbalance of the feedback axis
changes the volume of the gland and the morphology of the thyroid
tissue [2].

The adult thyroid contains about 3 million follicles of varying
size, 300 um on average, which form the parenchyma of the gland,
and about 20 to 40 follicles form the lobules. The stroma consists of
connective tissue [2].

The thyroid gland contains a second type of cells, which are
globose and clear with argyrophilic granules in the cytoplasm -
the so-called parafollicular cells (C cells). These cells are rich in
mitochondria, do not reach the cell lumen and are responsible for
the production of calcitonin, a hypocalcemia hormone that acts on
the homeostasis of the calcium of the organism without feedback
control by TSH [3].

About one hundred years ago, the importance of thyroid
hormones was first determined for the development, growth and
maintenance of quality of life of human beings. The thyroid, even
more than other endocrine glands, undergoes morphological
changes that accompany physiological modifications such as
pregnancy and senility, and may also show alterations that do not
reflect physiological variations.

The thyroid gland has a high growth potential that causes its
enlargement - goiter — due to continued or repeated hyperplasia, with
this condition being diffuse or nodular [4]. Multinodular colloid goiter is
the type most frequently detected, being due to insufficient or excessive
hormone production caused by autoimmune hyperthyroidism - Graves’
Disease -, by endemic goiter (iodine deficiency), by enzymatic defects
- congenital goiter -, by inflammatory or autoimmune processes, or by
the presence of neoplasia — benign or malignant nodules. This increase
in volume may be asymptomatic or may provoke symptoms related
to the compression of neighboring organs and, less frequently, due to
gland hyperfunction [5].

Thyroid nodules are very frequent in the general population,
with a very low occurrence of malignancy among them, so that it is
a challenge to identify nodules suspected of malignancy and to make
the necessary decision of conduct [6-9].

Cases and methods

A study was conducted on 517 patients of both sexes seen at the
Endocrinology Outpatient Clinic of UNAERP, a secondary health
service. The sample consisted of 464 women (80.97%) and 53 men
(20.03%) ranging in age from 15 to 89 years (mean: 52.3 years, 51.8
years for women and 57.1 years for men). All patients had clinically
diagnosed thyroid nodules, later confirmed by specific examination.
A total of 1808 nodules were studied (1468 in women and 340 in
men). The study was approved by the “Plataforma Brasil” Protocol
96398818.0.0000.5498 Ethics Committee and all patients gave written
informed free consent to participate.

The clinical exam was reviewed by a single examiner who
evaluated the aspect of the cervical region, the number, size and
consistency of palpable nodules, nodule adherence to other cervical
structures, palpation of locoregional adenomegaly, and hoarseness
[10]. All subjects were submitted to determination of TSH, Free T4,
Free T3, Thyroglobulin (Tg), Anti-Tg- Antithyroglobulin, Anti TPO
—antithyroperoxidase- and TRAB- Anti-TSH receptor antibody and
to electrochemiluminescence, following normal reference values for
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adults: TSH = 0.27 to 4.5 WIU/ml; Free T4 = 0.8 to 1.9 ng/dl; Free T3
= 2.0 to 4.4 ng/ml; Thyroglobulin = 1.4 to 78 ng/ml; Anti TPO < 34
IU/ml; Anti Tg < 116 IU/ml; TRAB < 1.75 IU/L [11]. The association
of hypothyroidism, hyperthyroidism and autoimmune thyroiditis was
determined, as well as their association with thyroid nodules (TN) and
their characteristics [11].

Ultrasound (US) examination was performed in patients with
palpable TN or TN diagnosed during an echography exam of the
cervical region due to other diseases, using a Samsung- Madison 8000
EX apparatus (Samsung Madison Co, Seoul, Korea) and the lesions
were classified as solid, cystic or mixed; single or multiple, size, number,
with malignancy; hypoechogenic, hyperechogenic, isoechogenic or
anechoic. Their size and number were also determined. Solid and
hypoechogenic TN with height greater than width and with the presence
of calcifications were considered to be suspected of malignancy. Patients
with 1 to 12 nodules were identified, with size ranging from 3 to about
80 mm. In patients with several TN, the dominant or suspected one was
punctured. Cervical ganglia were suspected when rounded in shape,
with the presence of a hilus (central hypoechogenicity) and less defined
limits [8].

Calcifications inside or around or both inside and around the
nodule were assessed and classified as present or absent and in terms
of type [12]. Nodule vascularization was assessed and classified as
absent or present and, if present, if it was at the periphery or central or
in both regions. The presence of predominantly or exclusively central
vascularization was considered suspected of malignancy [13-16].

The resistance elastography exam was applied to some nodules
(only in 20 patients) and the results were classified as: suspected of
malignancy (R 2 0.7) and not suspected of malignancy (R < 0.4). R
values between 0.5 and 0.6 were considered to be inconclusive [17,18].

US examination also permitted us to classify the nodules by the
TIRADS classification, which considers as suspicious a markedly
hypoechogenic nodule of imprecise limits and containing calcifications
[19,20].

Ultrasound examination was used to guide FNAB of nodules
larger than 10 mm, suspected of malignancy. FNAB was performed
on an ambulatory basis and the material obtained was examined
after staining with hematoxylin-eosin and classified according to the
BETHESDA criteria. TN classified as BETHESDA 3 were submitted
to another FNAB and, if necessary, to a third FNAB. TN nodules
with persistency of BETHESDA 3 classification and suspicion of
malignancy in other exams, and TN classified as BETHESDA 4, 5
and 6 were submitted to surgery because a molecular study was not
available for them [21-27].

The excised specimens were analyzed in a pathology service using
hematoxylin-eosin staining and the malignant cases detected continued
to be investigated and to receive specific treatment.

Statistical analysis

Data were analyzed in terms of means and standard deviation, and
graphs were obtained with the Microsoft Excel 2016 software [27-30].

Results

We analyzed 517 patients (464 women and 53 men) with 1808
nodules, 1468 (81.20 %) detected in women and 340 (18.80 %) in men.
The number of nodules ranged from 1 to 12 per patient, with a more
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frequent presence of 1 to 2 nodules. The mean prevalence of nodules
was 3.2 nodules each for women and 6.4 nodules each for men.

Patient age ranged from 15 to 89 years (15 to 89 years among
women and 20 to 89 years among men) with means of 51.8 and 57.1 for
women and men, respectively (Figure 1).

Thyroid volume ranged from 3 to 276 cm® (mean: 15 cm?, standard
deviation 24.8 cm®. The number of nodules per participant increased
with age from 1 to 12 (R?= 0.44) and their mean volume ranged from
1.47 to 2.82 cm®. The older patients had more voluminous thyroid and
nodules, as well as a higher mean number of nodules per gland (Figures
2-4).

Table 1 shows the mean values of TSH (uIU/ml), T4 (ng/ml), Anti-
Thyroperoxidase Antibody (AntiTPO = IU/ml), Thyroglobulin (Tg =
ng/ml), Anti-thyroglobulin antibody (Anti Tg = IU/ml) compared to
the results of FNB cytology and analyzed by the BETHESDA criteria,
all of them determined before the execution of any other investigative
procedure (Table 1).

The highest TSH values were detected in the BETHESDA classes 6
(papilliferous carcinoma, mean TSH = 6.38 pIU/ml) and 4 (follicular
neoplasia follicular, mean TSH = 5.88 uIU/ml). The lowest TSH value
was detected in class 3 (inconclusive result, TSH = 0.56 pIU/ml).
Classes 2 (benign) and 5 (possible papilliferous carcinoma) showed an
intermediate TSH value of 2.00 uIU/ml /ml (Table 1 and Figures 4-7).
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Figure 1. Patient distribution by age and sex

M: male; F: female.
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Figure 2. Patient distribution according to thyroid volume and age (years)
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Figure 3. Patient distribution according to number of nodules and age (years)
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Figure 4. Patient distribution according to nodule volume and age (years).
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Figure 5. Distribution of mean TSH values and BETHESDA classification

Traditional US was applied to 517 patients with 1808 nodules, with
the single or dominant nodule being classified as follows: 354 isoechoic,
151 hypoechoic, and 12 hyperechoic.

Macrocalcification was detected in 25 patient with 1 to 11 nodules
ranging in volume from 1.58 to 1.74 cm® microcalcification was
detected in 24 patients with up to 8 nodules ranging in volume from1.58
to 1.78 cm’; ring-like or eggshell peripheral calcification was detected
in 17 patients with up to 11 nodules ranging in volume from 1.57 to
2.15 cm’, and 5 cases of fully calcified nodules or nodules with mixed
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ANTITg MEAN X BETHESDA

160,00
141,83

140,00 e
121,77 11922

120,00 — !

100,00 87,66

80,00
61,03

ANTTg MEAN

60,00
40,00

20,00 13,67 15,75

0,00 ﬁ m

BETHESDA

6 No Realized

Figure 7. Distribution of mean antithyroglobulin (anti-TG) levels and BETHESDA
classification

calcification (macro/micro and peripheral) were also detected. Nine
nodules with microcalcification, 2 with macrocalcification, 2 with
peripheral calcifications of the ring type or eggshell type and one with
partial peripheral calcification were diagnosed as malignant (classical
type of papilliferous carcinoma).

The power DOPPLER exam showed a predominance of
CHAMMAS 3 (predominantly peripheral vascularization) and
CHAMMAS 2 (exclusively peripheral vascularization) classification,
both with vascular signs suggestive of benignity. Fifty-six patients
were classified as CHAMMAS 1 (absence of vascularization), 93 as
CHAMMAS 2 (only peripheral vascularization), 343 as CHAMMAS
3 (peripheral and central vascularization with a predominance of the
former), 15como CHAMMAS4 (peripheral and central vascularization
with the possibility of malignancy), and 6 as CHAMMAS 5 (only
central vascularization suggestive of malignancy).

Fourteen patients with papilliferous carcinoma were detected and
confirmed, 10 women and 4 men with a total of 19 malignant nodules
and 4 patients with more than one malignant focal point. Of these
patients, 3 were diagnosed as CHAMMAS 1, 2 as CHAMMAS 2, 9 as
CHAMMAS 3, and 5 as CHAMMAS 4 (suggestive of malignancy).

TI-RADS classification mainly based on hypoecogenicity,
undefined limits and presence of calcifications, was applied to 53
lesions with calcifications not associated with malignancy and to
14 malignant lesions. Among the nonmalignant lesions, one was
classified as TR-RADS 3, 8 (15.09%) were classified as TI-RADS 4, 30
(56.60%) as TI-RADS 5, and 13 (24.54%) as TI-RADS 6. Among the
14 malignant lesions, one (7.2%) was classified as TI-RADS 3, 6 (42.8)
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were classified as TI-RADS 5, and 7 (50%) as TI-RADS 6. TI-RADS 5
and 6 classification indicated suspected malignancy and corresponded
t0 92.8% of the malignant lesions [18,19].

FNAB revealed that 13 of the 19 nodules diagnosed as malignant
by anatomopathological examination were classified as BETHESDA
5 (suggestive of papilliferous carcinoma), and 6 as BETHESDA 6
(papilliferous carcinoma). Fourteen of these modules had calcifications:
8 of the micro type, 3 of the macro types and 3 of the ring types. The
anatomopathological exam of the excised lesions confirmed the
presence of papilliferous carcinoma in all of them. BETHESDA 2 was
the predominant class in the present study (nodular hyperplasia with
or without the presence of lymphocytic thyroiditis). The cytology of a
female patient was repeatedly classified as BETHESDA 1 and the patient
was monitored by US. Three patients were diagnosed as BETHESDA
class 3 after re-puncture on three distinct occasions, with no diagnostic
clarification being obtained. Due to lack of economic conditions for a
molecular study, all of them opted for exeresis of the lesions.

Papilliferous carcinomas were diagnosed in 19 patients (3.69%
prevalence), 14 of them women (2.97% prevalence) and 5 men (0.96%
prevalence).

Discussion

Thyroid nodules are very frequent in the general population,
being detected in 4 to 7% of the adult population investigated by
palpation, in about 30% investigated by US, and in about 60%
investigated at autopsy [3]. Three to 28% of excised nodules are
malignant, with carcinomas being detected in 5 to 7% of patients
diagnosed with TN. The differentiated nodules originated from a
follicular cell, being classified as papilliferous carcinoma, the most
frequent and least aggressive, and as follicular carcinoma associated
with genetic mutations and more aggressive. Anaplastic carcinoma is a
considerably aggressive undifferentiated carcinoma occurring in about
1% of cases and is associated with the presence of various mutated
genes. Medullary carcinoma originates from C or parafollicular cells
and secretes calcitonin [1-3].

Thus, the major challenge is to determine which of these
diagnosed nodules are malignant and require a specific conduct.
Several investigative methods can be used to aid this clinical mission:
measurement of hormones and antithyroid antibodies, standard
US contemplating the echogenicity of the nodules in question,
vascularization, and the presence of calcifications, the TI-RADS
classification, and FNB with cytological examination of the excised
material using the BETHESDA classification [6].

The mean volume of the nodules ranged from 1.47 to 2.82 cm®.
The older patients had more voluminous thyroid glands and nodules,
as well as a larger mean number of nodules per gland, suggesting that
the increase in both thyroid volume and the number and volume of
nodules is part of the process of thyroid aging (Figures 2-4).

TSH levels were higher in the BETHESDA classes 5 (probable
papilliferous carcinoma) and 6 (papilliferous carcinoma; 5.88 and
6.38 plU/ml), suggesting a possible participation of subclinical
hypothyroidism in the development of thyroid malignancy. The lower
gland activity may be due to changes/mutations in the synthesis chain
of thyroid hormone that would favor the onset of dedifferentiation of
follicular cells (Table 1).

The presence of anti-TPO antibodies was more frequent in
the BETHESDA 2 class (nodular hyperplasia) and the presence of
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antithyroglobulin was higher in classes 1, 5 and 6 (inconclusive,
probable and/or papilliferous carcinoma). Hashimoto’s thyroiditis
may have been present in the nodules that were not classified due to
insufficient biopsy material and may also have been associated with the
development of malignancy with increases anti-TG (Figure 6, Table 1).

Standard US examination of the nodules with calcifications
revealed that 53 lesions were hypoechoic, 7 hyperechoic, and 7
isoechoic. Of the 14 malignant lesions with calcifications, 8 were
hypoechoic (57%), 3 isoechoic (21.5%), and 3 hyperechoic (21.5%).
Hypoechogenicity, as well as in definition of the limits or invasion of
the capsule and/or neighboring tissues, are considered to be a signal
suggestive of malignancy.

The higher vascularization of the nodule suggests a high level of
cell metabolism and the possibility of malignancy. The same process is
observed in thermography of the nodules whose red color refers to high
temperature and possible malignancy [20-22]. When vascularization of
the 55 nodules was evaluated by the Lagalla-Chammas classification,
343 were classified as Chammas 3, 93 as Chammas 2 and 21 as Chammas
4 and 5 as suspected. Of those with calcifications and malignancy, 1 was
classified as Chammas 1, 1 as Chammas 2, 7 were classified as Chammas
3,4 as Chammas 4 and 1 as Chammas 5. Vascularization did not show a
correlation with signals of malignancy in this study [8,13,14].

TI-RADS classification mainly based on hypoechogenicity,
undefined limits and presence of calcifications was applied to 53 lesions
with calcifications not associated with malignancy and to 14 malignant
lesions. Among the nonmalignant lesions, one was classified as TR-
RADS 3, 8(15.09%) were classified as TI-RADS 4, 30(56.60%) as TI-
RADS 5, and 13(24.54%) as TI-RADS 6. Among the 14 malignant
lesions, one (7.2%) was classified as TI-RADS 3, 6(42.8) were classified
as TI-RADS 5, and 7(50%) as TI-RADS 6. TI-RADS 5 and 6 classes
indicated suspected malignancy and corresponded to 92.8% of the
malignant lesions [18,19].

The BETHESDA classification of the lesion material obtained by
FNB of the malignant nodules was B2 in 1 case, B3 in 2 cases, B4 in
1 case, B5 in five cases (35.72%) (suspected for malignancy, probable
papilliferous carcinoma) , and B6 in 6 cases (42.72%, malignant,
papilliferous carcinoma) [23-27].

All 12 patients were submitted to exeresis of their lesions and 3 of
the 14 malignant lesions (21.42%) showed invasion of the capsule and/
or neighboring tissues. None of the excised lesions showed adenomegaly
containing metastases of the carcinoma.

Conclusion

We are aware of the fact that the diagnosis of malignancy for a
thyroid nodule is a puzzle and that each investigative exam performed
corresponds to one of its parts. The more exams we can perform, the
easier it will be to reach a correct diagnosis. However, if the number
of exams should be limited for economic reasons, in our opinion, the
option should be for ultrasound-guided thyroid FNB associated with
TI-RADS classification, despite its limitations.
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