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Immunohistochemical analysis of the Cyclin D1 biomarker in papilliferous thyroid
carcinomas and multinodular goiters
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ABSTRACT

Background: Papillary thyroid carcinomas (PTC) are the most prevalent and least aggressive thyroid
carcinomas. In some cases, the diagnosis is doubtfull and the prognosis is poor. The search for tissue
biomarkers that make it possible to ensure both the diagnosis for indeterminate cases and the prognosis,
identifying the most aggressive cases, has been studied in recent decades.

Objective: To analyze the molecular marker cyclin D1 in PTC and multinodular goiter (BMN) and to verify
the correlation of the marking with the clinical-pathological characteristics in carcinomas.

Methods: 118 tissues from adult patients submitted to PTC thyroidectomy and 40 BMN were selected as a
control group. Tissue immunostaining was performed with cyclin D1 with subsequent immunohistochemical
analysis in both groups, evaluating the expression of the marker (infensity and distribution). In the PTC group,
immunostaining data were also crossed with clinical and pathological data.

Results: The majority (93.3%) expressed the staining of cyclin D1 with varying intensities (weak, moderate
and strong) and predominantly diffuse distribution (71.2%). The BMN control group expressed staining for
cyclin D1 in 57.5%, with weak intensity (47.5%) and sparse distribution (37.5%). The difference between the
groups (study and control) was statisfically significant (p<0.001). In the CPT group, the clinical-pathological
crossings did not show differences regarding age, sex, tumor type and size, lymph node status, focus,
angiolymphatic invasion.

Conclusion: Cyclin D1 was expressed in the vast maijority of PTC with the predominant diffuse distribution. There
was no correlation between the expression of cyclin D1 and any clinical-pathological characteristic of PTC.
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RESUMO
Racional: Os carcinomas papiliferos séio os mais prevalentes e menos agressivos de tireoide (CPT). Em
alguns casos, o diagnéstico é duvidoso e o prognéstico ruim. A busca de biomarcadores teciduais que
permitam assegurar tanto o diagndstico para casos indeterminados, quanto o prognéstico, identificando os
casos de maior agressividade, tém sido estudadas nas dltimas décadas.

allow ensuring both the diagnosis for
indeterminate cases and the prognosis,
identifying the most aggressive cases, have
been studied in recent decades and, also,

in thyroid cancer

Objetivo: Andlisar a ciclina D1 nos CPT e nos bécios multinodulares (BMN) e verificar a correlacéo da
marcacdo com as caracteristicas clinicopatoldgicas.

Perspective

Métodos: Foram selecionados 118 tecidos de pacientes adultos submetidos aa tirecidectomia por CPT e 40 T o of gl B f
e expression of cyclin in the

BMN como grupo controle. Realizou-se imunocoloracdo tecidual com ciclina D1 com subsequente andlise
imunoistoquimica em ambos grupos, avaliando-se a expresséo do marcador (intensidade e distribuicéio). No
grupo dos CPT os dados da imunocoloracéo foram também cruzados com os dados clinicopatoldgicos.

Resultados: A maioria (93,3%) expressou a coloracéo da ciclina D1 com intensidades variadas
(fraca, moderada e forte) e distribuicdo predominantemente difusa (71,2%). O grupo controle dos BMN,

differentiation between multinodular goiters
and papillary thyroid carcinomas proved
to be useful, especially if diffuse staining
was present. This molecular marker could
play a differentiating role for clinicians and

pathologists in samples acquired by fine-
needle aspiration to aid in the diagnosis
of carcinoma in nodules with indeterminate

expressou coloracdo para ciclina D1 em 57,5%, com intensidade fraca (47,5%) e distribuicéo esparsa
(37,5%). A diferenca entre os grupos (estudo e controle) foi estatisticamente significante (p<0,001). No
grupo dos CPT, os cruzamentos clinicopatolégicos néo evidenciaram diferencas quanto & idade, sexo, fipo
e tamanho tumoral, estado linfonodal, focalidade e invasdo angiolinfatica.

characteristics.

Conclusio: Aciclina D1 foi expressa na grande maioria dos CPT sendo a distribuicéo difusa predominante.
Néo houve correlacdo entre a expressdo delacom qualquer caracteristica clinicopatolégica dos CPT.

DESCRITORES: Carcinomas papiliferos de tirecide. Ciclina D1. Imunoistoquimica. Diagndstico.
Prognéstico.
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INTRODUCTION

hyroid cancer is the most common malignant

neoplasm of the head and neck region and

the most frequent endocrine neoplasm. It
predominates in women between 45 and 54 years of
age, and its main risk factors are female gender, family
history of thyroid cancer and exposure to radiation
in the neck region. In Brazil, this cancer corresponds
to 1.3% of all cancers, with an annual incidence of
9,610 new cases, 4% in women and 0.7% in men.!
The most prevalent are papillary (80%) and follicular
(10%) carcinomas, called differentiated thyroid
carcinomas. Medullary and anaplastic carcinomas,
on the other hand, are called poorly differentiated
and undifferentiated carcinomas, respectively, and
are less frequent and more aggressive. Carcinomas
may metastasize to the lymph nodes (papillary and
medullary), distant metastases (all types) and/or
invade local structures such as the recurrent laryngeal
nerve, trachea, muscle and/or esophagus (often in
anaplastic lymph nodes).?

The causes and pathophysiology of thyroid cancer
are not well understood.** Clinically, they manifest
predominantly by the appearance of nodules in the
thyroid region, less frequently by the appearance
of lymph nodes in the cervical chain, hoarseness,
dyspnea, dysphagia or cough, and rarely by distant
metastases (pulmonary and bone). In recent years, with
the advancement of technology, incidental findings by
imaging (ultrasound, tomography, resonance imaging
or PET-CT) have been increasingly frequent.® For
diagnosis, in practice, fine-needle aspiration puncture
(FNA) is used, which is less invasive and generally
effective. However, in certain cases, difficulties may
occur in identifying the material as benign or malignant,
leading the patient to surgery.

Tumor markers have been used for some decades
to minimize the lack of diagnostic and prognostic
accuracy of thyroid carcinomas. For example, in
blood, the presence of thyroglobulin correlates with
the persistence of differentiated thyroid carcinomas
post-thyroidectomy, calcitonin and carcinoembryonic
antigen, with the tumor mass of medullary carcinomas.
In tumor tissue, the genetic marker BRAF-V60OE
correlates with a worse prognosis in papillary
patients.z6-10

To aid the interpretation of cytology, molecular
analyses have also been wused through the
immunohistochemical technique in tumor samples.
In this direction is cyclin D1, a protein responsible
for controlling and coordinating the cell cycle.
The dysregulation of this protein can cause its
overexpression, affecting the control of the cell cycle,
contributing to tumorigenesis. 2

The objectives of this study were to analyze
the presence of the molecular marker cyclin D1 in
papillary thyroid carcinomas and multinodular goiters,
and to evaluate whether the expression of cyclin D1
correlates with the clinicopathological characteristics
of papillary gland carcinomas.

C

METHODS

This research was carried out at the Graduate
Program in Principles of Surgery of the Faculdade
Evangélica Mackenzie do Parané (FEMPAR), Curitiba,
PR, Brazil, in partnership with Brigham and Women's
Hospital, Harvard Medical School Molecular
Oncology and Immunology and Renal Division,
Boston, MA. USA. The study was approved by the
Research Ethics Committee (CEP) of the Evangelical
Beneficent Society of Curitiba, under opinion CAAE
66383317.7.0000.0103, in accordance with the
precepts of Resolution 466/ 12 of the National Health
Council/Ministry of Health (CNS/MS).

The research was carried out between January
2017 and December 2018 in three teaching hospitals:
Mackenzie Evangelical University Hospital in Curitiba,
Nossa Senhora das Gracas Hospital and Séo Vicente
Hospital, both in Curitiba, PR, Brasil.

Study design
This is a retrospective case-control study.

Case collection

Through an active search in the Tasy electronic
medical record system, 197 cases of differentiated
thyroid carcinomas (DTC) were selected. The selection
occurred through the search for ICD-10-10 version
codes C73 (malignant neoplasm of the thyroid gland)
and D440 (neoplasm of uncertain or unknown behavior
of the thyroid gland). Clinical and histopathological
data were collected. A physical review of medical
records and anatomopathological reports was also
carried out.

Patient-related variables

Clinical information on each selected case was
recorded, creating a standardized protocol. This
consisted of the following variables: patient’s initials,
age at diagnosis, gender, paraffin block number,
histological diagnosis, type of thyroidectomy, tumor
size, tumor type and its variants, tumor characteristics
such as focality, capsule invasion, angiolymphatic
invasion, extrathyroidal extension, lymph node
metastasis, distant metastasis, disease-free time,
disease progression, follow-up time, survival time, and
death. Clinical staging was performed using the Tumor
Node Metastasis system — TNM AJCC, 2017 (risk of

mortality).

Disease progression

Some patients, even during treatment, presented
recurrence of the neoplasm or progression of the
disease with worsening of the clinical staging, either due
to tumor recurrence at the surgical site or appearance
of local lymph node or distant metastasis in the lung or
bones. This fact was considered as disease progression
and the date on which the event was diagnosed was
recorded.
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Tracking time

It was calculated by subtracting the date of
diagnosis of differentiated thyroid carcinoma from the
date on which the patient was last evaluated, either at
the outpatient clinic or by telephone.

Survival time and death

It was calculated for all patients. There were no
deaths in this population during the clinical follow-up
period.

Sample selection

After the initial selection of the cases, the search
for the respective paraffin blocks was performed. Only
those with sufficienttumor mass were selected to perform
additional sections without completely depleting the
biological material. The slides were reevaluated by
a second independent pathologist, blinded to the
clinical history, in order to confirm the diagnosis of
differentiated thyroid carcinoma. For blocks that did
not have an H&E blade, it was requested. In cases
where there was more than one block of paraffin, the
pathologist chose the one with the largest neoplastic
mass and immunostained for the biomarker cyclin D1.

Inclusion and exclusion criteria

Inclusion: thyroidectomy by DTC in the 3 teaching
hospitals with residency in head and neck surgery;
cases of differentiated thyroid carcinomas with
medical records available for verification of clinical
data; patients with complete epidemiological data in
the medical records; cases confirmed by the second
pathologist; paraffin blocks that had sufficient tumor
mass that could be refractioned without using the
biological material entirely.

Exclusion: under 18 years of age; patients
diagnosed with follicular thyroid carcinoma (CFT) due
to low number (n = 9); absence of the clinical record
or with insufficient data; missing paraffin blocks,
poor quality or insufficient material to perform the
micro tissue arrangement (TMA) analysis after the
paraffin block has been worn out; Sample drop after
immunostaining with cyclin D1 (absence of lesion after
TMA construction, low tumor volume, or absence of
reaction).

Final selection and confection of the material

After applying the inclusion and exclusion criteria
and performing immunostaining with cyclin D1, 118
paraffin blocks were selected with papillary thyroid
carcinoma (TLC) samples. For comparison, 40 blocks
of benign lesion (multinodular goiter, BMN) were
selected. This control group was also immunostained
with cyclin D1, being selected from thyroidectomies
performed at the same time (Figure 1).

For the preparation of the tissue microarray (TMA)
blocks, the areas containing carcinoma in the slides
were first identified, followed by the paraffin blocks. An
Excel spreadsheet was created with the cases, similar
to a Cartesian map with é columns and 4 rows. The
first cell of this table was blank because it served as a

C

marker for the beginning of the reading of the slides.
In the other cells, the numbers of case records were
recorded (Figure 2).

Inclued

197 patients
dical records || yndergoing thyroid

pathologist DTC surgery

and high-quality

tumor mass | Excluded

<18 years old
No medical records o incomplete information
No paraffin black
o« it not allow other cuts or were
of poor quali

|
154 CDT patients

Excluded
CFFT (9 cases)

145 CPT

Excluded

Sample drop after 11Q
No lesion after TMA
Small tumor volume
No reaction

118 CPT O 40 BMN
Immunolabeled Immunolabeled
(Study) (Control)

DTC = differentiated thyroid carcinomas; TLC = papillary thyroid carcinomas; CFT = follicular thyroid
carcinomas; BMN = multinodular goiter submitted to labeling with cyclin D1

FIGURE 1 — Patient selection flow diagram
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Source: Adapted from Zella (2018).

FIGURE 2 — TMA map

The multisample block was made from a silicone
mold containing 24 holes with diameters of 2 mm. The
purpose of this template was to follow the order listed
in the Excel spreadsheet created. It began with the
extraction of the marked areas of the donor blocks with
the manual TMA equipment of the Tissue Tek Quick
ArrayTM brand (Sakura Finetek USA Inc. Torrance,
California, USA) that contains coupled forceps with
diameters of 1-2 mm, responsible forthe extraction of the
desired area for immunohistochemistry. Subsequently,
the fragments were placed in the corresponding holes
in the silicone mold, following the order created in the
Excel spreadsheet. To determine the starting point of
the slide reading, the first cell, corresponding to the first
hole of this mold, was assigned to a tissue unrelated to
the study, in this case a placenta fragment.

After filling all the holes, the molds were embedded
in paraffin. Thus, the TMA block was ready to undergo
a 5 pym microtomy. The material obtained was placed
on Superfrost Plus (hydrophilic) slides to initiate
immunostaining.

Histological evaluation

It was performed by a single pathologist, through
common light microscopy, classifying papillary thyroid
carcinomas according to the recommendations of
the World Health Organization (WHO 1988). These
slides were then reassessed by another independent
pathologist, blinded to the clinical history, to confirm
the diagnosis. Histological subtypes were defined
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according to the criteria of the World Health
Organization."

The slides obtained from the TMA were submitted
to the immunoperoxidase technique, performed in a
Benchmark UltraTM instrument, with integrated 3-in-
1 processing, including deparaffinization, rehydration
and antigenic recovery, with Cell Conditioning 1
(high pH) and Cell Conditioning 2 (low pH) buffers.
Incubation with primary antibodies lasted between
16-20 min at room temperature. Amplification was
performed by Ultraview Universal DAB Detection Kit.
DAB was used as chromogen and hematoxylin as
counter-dyes. The processing was all performed on an
automated Ventana Benchmark UltraTM platform using
the cyclin D1 antibody. Internal and external positive
controls attested to the fidelity of the reactions.

The antibody used was cyclin D1, with clone SP4-R
(manufacturer Ventana), with positive control tissue
of the large intestine mucosa, with localization of the
nuclear reaction and pre-dilution of the antibody.
After immunostaining, the TMA slides were analyzed
under the Olympus CX31 microscope and had their
report performed by 2 different pathologists and
at different times, using the following parameters:
positive labeling when cyclin D1 had nuclear labeling;
negative marking when the antibody was not seen in
any histological location, i.* absence of staining; and
inconclusive when it was not possible to read the slide
due to inadequate sample quality.

Evaluation of cyclin D1 (nuclear) staining was
determined semi-quantitatively, based on the intensity
of staining and the distribution of positive tumor cells
on the whole slide. Immunoreactivity was considered
positive when at least 1% of the cells were positive.
On the other hand, colorations <1% were considered
negative. Intensity was classified into 3 levels: grade
0 (-) or absence of coloring; grade 1 (+) or weak
staining; grade 2 (++) or moderate color; grade 3
(+++) or intense coloration.™ The distribution of
stained positive tumor cells was also evaluated, and
was scored as follows: no staining (0); focal (<10%
of the cells); sparse (10-50%); diffuse (> 50% of the
cells)14,16,17

To minimize variations in staining intensity, a positive
and a negative control were routinely included during
the staining procedure. In addition, the same batch of
antibody was used for all slides. Immunostaining was
also evaluated by 2 independent researchers who had
no prior knowledge of the clinical or histopathological
data. The same methodology was used for the control
group, BMN.

Definitions

In the present study, thyroid microcarcinoma was
defined as a thyroid tumor <1 cm in diameter according
to the 2004 WHO classification.” Multifocality was
considered when 2 or more tumor foci were found in 1
lobe or 2 lobes of the thyroid.

Statistical analysis

The results of quantitative variables were described
as means, standard deviations, medians, minimum
and maximum values. For categorical variables,
frequencies and percentages were presented. The
comparison between groups, in relation to age, was
made using the analysis of variance model (ANOVA)
with one factor. Categorical variables were analyzed
using Fisher’s exact test or the chi-square test. Values of
p <0.% indicated statistical significance. The data were
analyzed with the Stata/SE v."! computer program.
StataCorplP, USA.

RESULT

Demographic and clinical variables

The tumor group formed by patients with papillary
thyroid carcinoma (n = 118) was predominantly female
(83.1%), with a mean age below 55 years (77.1%), and
clinical stage | (91.5%) (AJCC/TNM, 2017, Table 1).

TABLE 1 — Clinicopathological characteristics of patients with TLC

Age at diagnosis (years) <55 771(91)
255 22,9 (27)
Sex Female 83,1 (98)
Male 169 (20)
Type of thyroidectomy Total 89(105)
Partial 1 (13)
Tumor size (mm) <10 36,4 (43)
101 10 20 339 (40)
2011 to 40 237(28)
> 40 59(7)
Type of tumor Papillary 63,6 (75)
Micropapillary 36,4 (43)
Variant of papillary tumors Classic 48 (36)
Follicular 33,3 (25)
High cell 2,7 (2)
Oxyphilic 13,3 (10)
Warthin 1,3 (1)
Macrofollicular 1,3 (1)
Tumor variant Classic 53,5 (23)
micropapillary Follicular 419(18)
Oxyphilic 2,3(1)
Oncocytic 2,3 (1)
Focality Unifocal 57,6 (68)
Multifocal 42,4 (50)
Capsule invasion Without 90,7 (107)
With 93 (1)
Vascular Invasion - Invasion Without 71,2 (84)
Angiolymphatic With 28,8 (34)
Extrathyroid extension No 96,6 (114)
Coarse (2018) Yes 3,4 (4)
Lymph node metastasis No 771 (91)
Yes 229 (27)
Distant mefastasis No 95(112)
Yes 5(6)
Clinical Staging | 91,5(108)
(AJCC 2017) Il 76(9)
Ivb 09(1)

AJCC = American Joint Committee on Cancer; TLC = papillary thyroid carcinomas

Data of cyclin D1 in papillary carcinomas
The analysis of cyclin D1 (nuclear) was performed
based on data from 118 patients and showed that 93.2%
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(n=110) stained with it and 6.8% (n = 8) did not. The
intensity of staining was homogeneous (Table 2, Figure 2).

TABLE 2 — Intensity of cyclin D1 staining in TLC

Cyclin D1(intensity) n 3
Negative 8 6,8
+/3 (weak) 42 35,6
++/3 (moderate) 37 31,4
+++/3 (strong) 31 26,3
Tofal 118 100

The distribution of cyclin D1 staining in this sample was diffuse in 71.2% (Table 3).

TLC = papillary thyroid carcinoma.

FIGURE 2 — Intensity of cyclin D1 staining in TLCs (in brown) in
the nucleus and cytoplasm: A) weak intensity +/3; B)
moderate intensity ++/3; C) strong infensity +++/3
(400X)

TABLE 3 — Distribution of cyclin D1 staining in TLC

Cyclin D1 (% coloring)

No coloring 8 6,8
< 10% (focal) 6 51

10-50% (sparse) 20 169
>50% (diffuse) 84 71,2
Total n8 100

Clinical and pathological variables of cyclin D1 in TLC

The analysis of the intensity and distribution of
cyclin D1 staining in papillary carcinomas (TLC) and
micropapillary thyroid carcinomas (PTCM) did not show
statistically significant differences in terms of age, gender,
tumor type, size, focal invasion, vascular invasion, and
lymph node metastasis (Tables 4 and 5).

C

Comparison of the study (CPT) and control (BMN) groups

Most TLCs (93.3%) expressed cyclin D1 staining in the
nucleus of these cells at all intensities (weak, moderate
and strong) and with a predominantly diffuse distribution
(71.2%). In the BMN control group, 57.5% expressed
nuclear staining with a predominance of weak intensity
(47.5%) and sparse distribution (37.5%). The difference
between the study and control groups was statistically
significant (p <0.001).

TABLE 6 — Comparison between the study group (CPT) and control
group (BMN)

Variable Classification
Study (TLC n=118) | Control (BMN n=40)

Age (years) 452£12.8 59.5£14.1 <0.001
Age at diagnosis <55 91 (771%) 15 (37,5%)
(years)
>55 27 (22,9%) 25(62,5%) <0.001
Sex Female 98 (83,1%) 37 (92,5%)
Male 20(16,9%) 3(75%) 0196
Negafive 8(6,8%) 17 (42,5%)
Cyclin D1 +/3 (weak) 42 (35,6%) 19 (47,5%)
(color intensity) ++/3 (moderate) 37 (31,4%) 4(10,0%)
+++/3 (srong) 31 (26,3%) 0(0%) <0.001
No coloring 8(6,7%) 17 (42,5%)
Cyclin D1 <10% (focal) 6(51%) 0(0%)
(color distribution)  10-50% (sparse) 20 (17%) 15 (37,5%)
>50% (diffuse) 84 (71,2%) 8 (20%) <0.001

TLC = papillary thyroid carcinoma; BMN = multinodular goiter. For age, the null hypothesis that the
means are equal in the study and control groups was tested, versus the alternative hypothesis of
different means (Student's t-fest for independent samples). For each of the categorical variables, the
null hypothesis that the distributions on the variable classifications are equal in the study and control
groups was tested, versus the alternative hypothesis of different distributions (Fisher’s exact test or Chi-
square fest).

DISCUSSION

The recent literature on DTCs has included many
studies on clinical features, pathological subtypes,
and molecular features; however, the answer to the
question of why some DTCs evolve with more aggressive
pathological characteristics is open in the literature.
Advances in biotechnology, molecular research, and
genetic studies enable a better understanding of the
behavior of these neoplasms; However, the evaluation of
the signaling pathways and protein expression of these
tumors becomes paramount in the progress towards
diagnosis, treatment and prognosis in oncology.

Patients studied with papillary carcinomas

Papillary thyroid carcinoma is more prevalent in
Brazil as well as in the rest of the world. However, the
incidence of other thyroid carcinomas, such as follicular
and anaplastic thyroid carcinomas, is less frequent in our
country when compared to the incidence in European
countries, for example. A possible explanation for this
situation could lie in iodine supplementation in table salt
(an essential trace element for thyroid hormone synthesis)
as suggested in a recent systematic review (OR 2.200;
95% Cl 1.389-3.483)" lodine supplementation in table
salt has been carried out in Brazil since 1982, with a
subsequent decrease in its quantity since 2013. Excess
iodine is associated with BRAF-V6OOE mutations that
are commonly related to CPT. In Brazil, the daily intake
of salt by the population is more than double (12 g) the
recommended (5 g);19 This could be contributing to
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TABLE 4 — Cyclin D1 (staining intensity) in TLC

Cyclin D1 (intensity)

Variable Classification n p*

Age at diagnosis (years)

S50)

Age at diagnosis (years) 255

Female

Male

Sex

Type of thyroidectomy Partial Total
<10
10.1 to 20
20.1 to 40
> 40

Tumor size (mm)

Type of tumor Micropapillary Papillary

Classic Follicular Oxyphilic High Cell Warthin

Variant of papillary tumors Goiter simile

Variant of micropapillary tumors Oxyphilic Follicular Classic Oncocytic

Focality Unifocal Mulfifocal

Capsule invasion Without Com
Vascular invasion (angiolymphatic) Without Com
Coarse extrathyroid extension (2018) Without Com
Lymph node metastasis No Yes
Distant metastasis No Yes

1
Clinical Staging (AJCC 2017) 2

4b

447+134  435:136 450118 48.0£129 0,524
n (%) n (%) n (%) n (%)

el 6(75) 32(76,2) 31(83,8) 22 (71) 0,651
27 2(25) 10(23,8) 6(16,2) 9(29) !
98 8(100) 35(83,3) 29 (78,4) 26(839) 0,527
20 0(0) 7(16,7) 8(21,6) 5(161)
105 5(62,5) 40(95,2) 35 (94,6) 25 (80,6)

13 3(37,5) 2(4,8) 2(54) 6(194)

43 4(50) 16(38,1) 12(32,4) 11 (35,5)

40 1(12,5) 13 (31) 16 (43,2) 10(32,3)

28 1(12,5) 10(23,8) 8(21,6) 9(29)

7 2(25) 3(71) 1(2,7) 1(3,2)

75 4(50) 26 (619) 25(67,6) 20 (64,5) SE
43 4(50) 16 (38,1) 12(32,4) 1 (35,5) ’

36 1(25) 13 (50) 1 (44) 1 (55)

25 3(75) 12 (46,2) 7 (28) 3(15)

2 0(0) 0(0) 1(4) 1(5)

10 0(0) 1(3,8) 5(20) 4(20)

1 0(0) 0(0) 1(4) 0(0)

1 0(0) 0(0) 0(0) 1(5)

23 2(50) 8(50) 8(66,7) 5(45,5)

18 2(50) 7(43,8) 4(33,3) 5(45,5)

1 0(0) 0(0) 0(0) 1(91)

1 0(0) 1(6,3) 0(0) 0(0)

68 5(62,5) 20 (47,6) 23 (62,2) 20 (64,5) /8
50 3(37,5) 22 (52,4) 14(378) 1 (35,5) ’
107 6(75) 38(90,5) 33(89,2) 30(96,8)

n 2(25) 4(9,5) 4(10,8) 1(32)

84 7(87,5) 30(71,4) 24 (64,9) 23 (74,2) 059
34 1(12,5) 12 (28,6) 13(351) 8(25,8) ’

14 8(100) 39(929) 36(97.3) 31(100)

4 0(0) 3(71) 1(27) 0(0)

91 8(100) 32(76,2) 29 (78,4) 22 (71) G
27 0(0) 10(23,8) 8(21,6) 9(29) ’

2 8(100) 38(90,5) 35 (94,6) 31(100)

6 0(0) 4(9,5) 2(5,4) 0(0)
108 7 (87,5) 37(88,1) 34(919) 30(96,8)

9 1(12,5) 4(9,5) 3(81) 1(3,2)

1 0(0) 1(2,4) 0(0) 0(0)

AJCC = American Joint Committee on Cancer; TLC = papillary thyroid carcinoma;* = ANOVA with one factor (age); chi-square test (categorical variables); p <0.05. () Test not applicable (low frequencies). For age, we tested
the null hypothesis that the means are equal in all groups defined by the D1 cyclin classifications (coloration and infensity), versus the alternative hypothesis that the means are not all the same. For each of the categorical variables,
we tested the null hypothesis that the distributions on the variable classifications are equal for all D1 cyclin classifications, versus the alternative hypothesis that the distributions are not all equal.

the increase in the incidence of this type of carcinoma
and reducing the incidence of follicular and anaplastic
carcinomas.?%-#2

Female gender, age <55 years, and stage | prevailed in
our sample, corroborating the literature regarding TLC.'2>2

In the study of prognosis, two factors are important;
the first is that regardless of the extent of the operation
used, the majority of patients with papillary thyroid
carcinoma (80%) have a good prognosis (as found
in our study). The second is that 5% of patients will die
despite any treatment.?*2* In our sample, there were no
deaths during the follow-up period because most patients
were stage | of the 2017 AJCC and with few cases with
metastases (5%).

Regarding the type of operation performed, most
papillary thyroid carcinomas were submitted to total
thyroidectoma, including micropapillary thyroids. In
2015, a review of papillary thyroid microcarcinomas
(<1 cm) showed that those classified as at low risk of
recurrence by the American Thyroid Association (ATA)
should not necessarily undergo total thyroidectomy,
as most do not grow or grow very slowly, and their
early surgical indication is exaggerated. In addition,
when these carcinomas showed lymph node growth or
involvement during active ultrasound surveillance, even

C

the surgical indication at that time was not delayed.?® We
believe that one of the factors related to the totalization
of thyroidectomy in our study was the sample selection
period (2002 to 2017), mostly prior to the last publication
of the 2015 ATA.

Lymph node metastases from papillary carcinomas
are associated with subsequent locoregional recurrence
and distant metastases. Although most of these
carcinomas are indolent and confined to the gland, 30%
may have clinically evident lymph node metastases, and
the rates of micrometastases are higher, depending on
the surgical extent (systematic and radical dissections
of the tumor), found in up to 35-70%.% Invasion of the
capsule of a lymph node has been reported in 5-35% of
surgical specimens, while vascular invasion in 5-10%. The
incidence of distant metastases is around 2-10%.%%3° In
this study, lymph node metastases occurred in 22.8% (n =
27), capsule invasion in 9.3% (n = 11), vascular invasion
in 28.8% (n = 34), and distant metastasis in 5% (n = 6).

Immunohistochemical evaluation of cyclin D1

For the pathologist, the diagnosis is not always simple,
although much has been developed in the knowledge
of these carcinomas since the third edition of the
classification of endocrine tumors by the World Health
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TABLE 5 — Cyclin D1 (color distribution) in TLC

Variable

Age at diagnosis (years)

Classification

Age at diagnosis (years) <55
258
Sex Female
Male
Type of thyroidectomy Total
Partial
<10
10.1 to 20
Tumor size (mm) 20.1 to 40
>40
Type of tumor Papillary
Micropapillary
Follicular Classic
oxyphilic high cell
Tumor variant Warthin
papillary Macrofollicular
Ffollicular Classic
Tumor variant Oxyphilic
micropapillary Oncocytic
Focality Unifocal
Multifocal
Capsule invasion Without
With
Vascular invasion Without
(Angiolymphatic) With
Exirathyroid extension Without
Coarse (2018) With
Lymph node metastasis No
Yes
Distant metastasis No
Yes
1
Clinical Staging (AJCC 2
2017) 4b

Cyclin D1 (distribution)
(focal) (sparse) (diffuse)

44.7£13.4 49.0+13.9 46.4£15.2 44.7£12.3 0,846

n (%) n (%) n (%) n (%)
9 6(750) 4(66,7) 14 (70,0) 67(79,8) 0,729
27 2(25,0) 2(33,32) 6(30,0) 17(20,2)
98 8(100) 5(83,3) 14 (70) 71 (84,5) 0,242
20 0(0) 1(167) 6(30) 13(15,5)
105 5(62,5) 6(100) 18 (90) 76(90,5) .
13 3(375) 0(0) 2(10) 8(9,5)
43 4(50) 4(66,7) 6(30) 29 (34,5)
40 1(12,5) 2(333) 5(25) 32(381)
28 1(12,5) 0(0) 7(35) 20(23,8) -
7 2(25) 0(0) 2(10) 3(3,6)
75 4(50) 2(333) 14 (70) 55 (65,5) 0,322
43 4(50) 4(66,7) 6(30) 29 (34,5)
36 1(25) 0(0) 9(64,3) 26 (473)
25 3(75) 2(100) 3(21,4) 17 (309)
2 0(0) 0(0) 0(0) 2(3,6)
10 0(0) 0(0) 1(71) 9(16,4) -
1 0(0) 0(0) 0(0) 1(1,8)
1 0(0) 0(0) 1(71) 0(0)
23 2(50) 2(50) 3(50) 16(55,2)
18 2(50) 2(50) 3(50) 11 (379)
1 0(0) 0(0) 0(0) 1(3,4) .
1 0(0) 0(0) 0(0) 1(34)
68 5(62,5) 4(66,7) 12 (60) 47 (56) 0936
50 3(375) 2(333) 8 (40) 37 (44)
107 6(75) 6(100) 18 (90) 77 (91,7) -
n 2(25) 0(0) 2(10) 7(83)
84 7(875) 6(100) 15 (75) 56 (66,7) 0217
34 1(12,5) 0(0) 5(25) 28(33,3)
14 8(100) 6(100) 18 (90) 82 (97,6) -
4 0(0) 0(0) 2(10) 2(2,4)
9 8(100) 6(100) 16 (80) 61 (72,6) 0157
27 0(0) 0(0) 4(20) 23 (27,4)
12 8(100) 6(100) 18 (90) 80(95,2) B
6 0(0) 0(0) 2(10) 4(48)
108 7(875) 6(100) 17 (85) 78(92,9)
9 1(12,5) 0(0) 3(15) 5(6) =
1 0(0) 0(0) 0(0) 1012)

AJCC = American Joint Committee on Cancer; TLC = papillary thyroid carcinoma; * = ANOVA with one factor (age); chi-square test (categorical variables); p <0.05. (-) Test not applicable (low frequencies). For age, we tested

the null hypothesis that the means are equal in all groups defined by the D1 cyclin classifications (coloration and intensity), versus the alternative hypothesis that the means are not all equal. For each of the categorical variables, we
tested the null hypothesis that the distributions on the variable classifications are equal for all D1 cyclin classifications, versus the alternative hypothesis that the distributions are not all equal.

Organization in 2004 until the 4th edition in 2017.133' The
use of immunohistochemistry is still a very useful resource
for pathologists because it helps to differentiate between
malignant and benign fissues, as well as between
malignant tissues.

The discovery of D-type cyclins in the 1990s provided
importantinformation about the interaction of extracellular
signals with the central cell cycle to drive cell proliferation.
The unbridled expression of these cyclins and the enzymes
they regulate (kinases - CDK4 and CDK6) contributed to
tumorigenesis, which is frequently observed in several
carcinomassuch aslung, esophagus, breast, and head and
neck.®?* Since the nineties, with the work of (Lazzereschi
et al. 199835), cyclin D1 has been studied in papillary
thyroid carcinomas using immunohistochemistry. In the first
reports, this molecular marker was found overexpressed
in the nucleus of papillary carcinoma cells and at the level
of cytoplasm in benign tissues and adenomas, suggesting
that cyclin D1 could play a role in the origin of papillary
thyroid carcinomas. In our study, of the 118 cases, the

C

vast majority (93.2%, n = 110) expressed cyclin D1 with
nuclear predominance.

Its expression in the thyroid has been applied as an aid
in the diagnosis12,14,36,37 and in the differentiation of
variants of this carcinoma; 38,39 however, in our sample,
we did not observe differences in cyclin D1 expression
between papillary and micropapillary carcinomas,
and it was not possible to observe differences in the
other variants of papillary carcinoma due to the low
frequencies. The expression of cyclin D1 in papillary
thyroid carcinomas and the tumor aggressiveness with its
implications for prognosis have been demonstrated by
some authors,'015:2340-43

Although our study analyzed more variables (gender,
age at diagnosis, tumor type, size, variants, focality,
capsular and angiolymphatic invasion, gross extrathyroid
extension, lymph node and distant metastasis), no
significant correlation was observed in the expression
of cyclin D1 (staining intensity and distribution) with
tumor aggressiveness, possibly because our sample was
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composed of low-stage papillary carcinomas (91.5%)
according to AJCC2017.44

Similarly to the authors Muro-Cacho et al. (1999)42,
our sample showed that in these carcinomas, cyclin D1
had predominantly nuclear expression (93.2%, n = 110),
with moderate to strong intensity and predominantly
sparse and diffuse distribution (88.1%, n = 104),
suggesting that its greater expression could play a role in
the development of these tumors.

By comparing cyclin D1 expression in DTC (43
papillary and 23 follicular) and benign thyroid tissues
(follicular adenomas) as a differential diagnosis in
situations of difficult differentiation, SEYBT et al. 201212
showed that papillary carcinomas and their variants
had greater infensity in cyclin D1 staining than follicular
carcinomas (88% vs. 61%, p = 0.013) and follicular
adenomas (88 vc. 52%, p <0.001) with a predominantly
diffuse distribution (p = 0.0032) In this study, we
compared the expression of cyclin D1 and observed
moderate to strong marking in TLC and weak marking
in BMN (57.7% vs. 4%; p<0.001), with a predominantly
diffuse distribution (71.2% vs. 20%; p <0.001), suggesting
that higher expression of cyclin D1 in thyroid fissues could
play a role in the development of tumors.

On the other hand, and contrary to the literature 36,37,
our papillary microcarcinomas expressed cyclin D1 in the
maijority of the sample.

Cyclin D1 and tumorigenesis

Cyclin D1 has been associated with malignant
neoplasms in humans, especially when the BRAF-
V60OE mutation is present.3234434¢ |n ouyr study, the
overexpression of the cyclin D1 marker in papillary
thyroid carcinomas corroborates studies that implicate this
protein in the origin of thyroid carcinomas by stimulating
cell proliferation, contributing to tumorigenesis.“¢4”

Future perspective

Since the analysis of cyclin D1 expression by
immunohistochemistry in the differentiation between BMN
and papillary thyroid carcinoma proved to be useful,
especially if diffuse staining was present, this molecular
marker could play a differentiating role for the clinician
and pathologist in samples acquired by fine-needle
aspiration to aid in the diagnosis of papillary carcinoma
in nodules with indeterminate characteristics. However,
additional data should be needed to corroborate this
hypothesis. Figure 3 shows the proposal for use.

Immunohistochemistry Decision

S

b 4
Surgery or

close follow-up

w| cyclinD1 (+)
//

Cytology [
FNA \\\

4 Cyelin D1 (- N US/CT or

Observation

Source: Adapted from Teshima, M. et al (2019). TLC = papillary thyroid carcinoma; FNA = fine-needle
aspiration; US = ultrasound; CT = computed tomography

FIGURE 3 — Decision strategy for CPT based on cyclin D1

CONCLUSION

Cyclin D1 was expressed in the vast majority of
papillary thyroid carcinomas, and the predominant diffuse
distribution was used. The benign tissue — multinodular
goiter — expressed staining 1 with weak intensity and
sparse distribution. lts expression did not correlate with
clinicopathological findings (tumor size, angiolymphatic
invasion, lymph node metastasis, or distant metastases) in
these carcinomas.
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