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Abstract. Background. The morphology of the thyroid in Graves’ disease (GD) can be quite diverse: in most
cases there is a diffuse enlargement of the thyroid gland (diffuse goiter), in some cases it is not increased, and in
some patients there are focal neoplasms (single and multiple), including thyroid cancer. According to some studies,
in patients with Graves’ disease, focal formations are observed in 10-31% of cases, and in half of the patients,
they appear against the background of treatment with thionamides. The purpose of this paper was a retrospective
study of the morphological features of benign thyroid neoplasms due to GD based on the results of cytological and
pathomorphological studies. Materials and methods. The study was performed at the clinic of the State Institution
“V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of
Ukraine”. All patients with GD who were operated in the Department of Endocrine Surgery from 2008 to 2019 (1854
patients) were first selected, and then those who had benign focal formations according to the pathohistological
examination were selected among them. Results. The frequency of benign thyroid neoplasms in GD is 22.06 % in
women aged 26 to 55 years. Cytological studies of thyroid neoplasm punctures in GD made it possible to clearly
establish their benign nature (BSRTC-2) in 94.3 % of cases. In 5.7 % of cases, cytological categories BSRTC-3
and BSRTC-4 were established. Positive immunocytochemical reactions to thyroid peroxidase and thyroglobulin,
and the absence of CK17 allow avoiding cytological overdiagnosis, characteristic of benign neoplasms of the
thyroid gland in GD. Conclusions. Among pathohistologically confirmed benign neoplasms of the thyroid gland in
GD, in 63.82 % of cases a histological diagnosis was adenomatous or colloid goiter, in 34.47 % — signs of nodular
hyperplasia, in 1.71 % — the presence of thyroiditis.
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Introduction

Graves’ disease (GD) is an organ-specific autoimmune
disease which develops as a result of the production of the
pituitary thyrotropin receptor autoantibodies (TSH-R-Ab)
(immunoglobulin (Ig) G), clinically manifested by damage
to the thyroid gland with the development of thyrotoxicosis
syndrome, in combination with extrathyroid pathology (en-
docrine ophthalmopathy, pretibial myxedema, acropathy,
lesions of the cardiovascular system accompanied by tachy-
cardia, etc.) [1-3].

In recent decades, there has been an in-depth study of
the etiology and pathogenesis of GD. This pathology has
been proven to be a classic autoimmune disease, in which
the synthesis of antibodies to the pituitary thyroid stimu-
lating hormone (TSH) and their binding to the a-subunit
of the TSH receptor on the thyrocyte membrane leads to
the activation of adenylate cyclase, an increase in the level
of intracellular cAMP, resulting in phosphorylation of pro-
tein kinase A and activation of various transcription factors.
These processes cause an increase in iodine uptake, an in-
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crease in the synthesis of thyroid peroxidase and thyroglo-
bulin, and, ultimately, thyroid hyperfunction [4, 5].

The morphology of the thyroid in Graves’ disease can
be quite diverse: in most cases there is a diffuse enlargement
of the thyroid gland (diffuse goiter), in some cases it is not
increased, and in some patients there are focal neoplasms
(single and multiple), including thyroid cancer [6, 7]. Ac-
cording to some studies, in patients with Graves’ disease,
focal formations are observed in 10—31 % of cases [8], and
in half of the patients they appear against the background of
treatment with thionamides [9].

A factor contributing to the nodule formation in GD is
considered to be a long course of the disease, during which
there is a decrease in the ratio of epithelium and stroma in
the gland, sclerosis and replacement of follicles with con-
nective tissue, the accumulation of a denser colloid adjoins
directly to the wall of the follicles, there are practically no
vacuoles in it. In parallel, in A- and B-cells, a pronounced
proliferative activity with high polymorphism is observed.
At the same time, in the thyroid gland, due to the uneven
development of hyperplastic processes, dystrophic changes
in the epithelium occur (the volume and vascularization of
the cytoplasm increases, the nucleus shrinks), which ends
with the development of fibrous connective tissue with hy-
alinization and possible further necrotization of the lobule
or parenchymal fragment. The focus of proliferation with
colloid and necrosis in the center indicates the presence of a
macrofollicular node [10, 11].

The purpose of the paper is a retrospective study of the
features of the morphology of benign thyroid neoplasms due
to Graves’ disease based on the results of cytological and
pathomorphological studies.

Materials and methods

The study was performed at the clinic of the State In-
stitution “V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences
of Ukraine”. The study was conducted in accordance with
the ethical standards of the committee responsible for such
experiments (part of the institution or national committee),
the main provisions of “Convention for the protection of
Human Rights and Dignity of the Human Being with re-
gard to the Application of Biology and Medicine: Conven-
tion on Human Rights and Biomedicine (ETS No. 164)”,
adopted by the Council of Europe 04.04.1997, Good Clini-
cal Practice of 1996, Helsinki Declaration of the World
Medical Association “Ethical principles of medical research
with human participation as an object of study”, adopted in
June 1964 and revised from 1975 to 2008, and the order of
the Ministry of Health of Ukraine “About approval of the
Procedure for carrying out clinical testing of medicines and
examinations of materials of clinical testing and the Stan-
dard regulations on the commissions on questions of ethics”
Ne 66 of 13.02.2006, as amended in 2006—2008.

Through the Medical Information System “TerDep”
[12] from the clinical database of the State Institution
“V.P. Komisarenko Institute of Endocrinology and Me-
tabolism of the National Academy of Medical Sciences of
Ukraine”, all patients with GD who were operated in the
Department of Surgery of the Endocrine Glands from 2008

to 2019 (1854 patients) were first selected, and then those
who had benign focal formations according to the pathohis-
tological examination were selected among them.

Diagnosis of Graves’ disease was established on the ba-
sis of laboratory data, which included the determination of
pituitary TSH and stimulating TSH-R-Ab. The determina-
tion of TSH was carried out in the laboratory of the State
Institution “V.P. Komisarenko Institute of Endocrinology
and Metabolism of the National Academy of Medical Sci-
ences of Ukraine” by chemiluminescent immunoassay on
the Cobas e411 analyzer, Roche Diagnostics GmbH, Ger-
many. Reference values for TSH were 0.27—4.20 pU/ml.
The study of TSH-R-Ab was performed by chemilumines-
cent immunoassay using a Siemens Architect 2000 analyzer.
The reference values for TSH-R-Ab were > 0.55 U/L for a
positive result, and < 0.55 U/L for a negative result.

To determine the thyroid volume and structure, an ultra-
sound examination, fine-needle aspiration biopsy (FNAB)
with cytological and immunocytochemical studies of punc-
tates was performed. Ultrasound examination of all patients
was carried out by ultrasonic devices TOSHIBA Nemio
(SSA-550A) and TOSHIBA Nemio XG (SSA-580A) (Ja-
pan) with electronic linear transducers with a frequency of
9—12 MHz and a scanning surface length of 6 cm.

Cytological studies were performed on the material of
FNAB. The obtained punctates were fixed with methanol
and stained by the Romanovsky-Giemsa’s method. The
results of the cytological study were evaluated using the
Bethesda System for Reporting Thyroid Cytopathology
(BSRTC) with a clear systematization of cytological fin-
dings and a specific clinical and diagnostic algorithm for
managing patients for each of them [12]. For immunocy-
tochemical studies, an indirect immunoperoxidase method
was used using mouse monoclonal antibodies against thy-
roid peroxidase (TPO) (TPO-47, Dako Cytomation, Den-
mark, dilution 1 : 50), thyroglobulin (Tg) (DAK-Tg6, Dako,
Denmark) and cytokeratin-17 (CK17) (E3, DakoCytoma-
tion, Denmark, 1 : 50 dilution). Antibodies against mouse
v-globulins labeled with horseradish peroxidase (DakoCy-
tomation, Denmark, 1: 100) were used as secondary ones.

Analysis of the histological structure of benign thyroid
neoplasms in Graves’ disease: all pathological documen-
tation (macro-description of biopsy specimens, micro-de-
scription of preparations) in relation to these 409 patients
with benign focal formations of the thyroid gland were
checked, as well as additionally reviewed and analyzed ar-
chival histological specimens (stained with hematoxylin and
eosin) according to recommendations of the latest editions
of the WHO Histological Classification of Thyroid Tumors
[13].

Results

According to the results of a pathomorphological study,
benign neoplasms of the thyroid gland were detected in 409
(22.06 %) patients out of 1854 operated patients with GD.
The group consisted of 363 women and 46 men with an ave-
rage age of 47.52 £ 7.01 years. The main characteristics of
the group of patients and their comparison with the charac-
teristics of patients without focal nodular neoplasms are
presented in Table 1.
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Table 1. The main characteristics of the group of patients and their comparison
with those without focal nodular neoplasms

neoplasms, n =
Gender, m/w 46/363

Age, years 47.52 £ 7.01
Age at the diagnosis of GD, years 46.6 +2.4
Disease duration, years 5.50 + 0.91
Total thyroid volume, cm? 41.85 + 6.67
TSH, pU/ml 0.31 £0.15
TSH-R-Ab, U/L 11.43 + 2.54

Patients with focal nodular

Patients without focal
nodular neoplasms, n = 60

409
5/56

40.79 + 8.66 > 0.05

35.3+4.3 <0.05
410+ 1.23 > 0.05
39.52 + 5.83 > 0.05
0.43+0.17 > 0.05
14.33 + 4.22 > 0.05

Note: P — significant difference of indicators according to Student’s criterion.

As can be seen from Table 1, in patients with focal no-
dular neoplasms and diffusely enlarged gland, no significant
differences were found in terms of such indicators as age,
duration of the disease, levels of TSH and TSH-R-Ab. The
significant difference was observed in one indicator — the
age at which Graves’ disease was diagnosed. Thus, patients
with focal nodular neoplasms were significantly older at the
onset of Graves’ disease than patients with diffusely altered
glands without focal nodular neoplasms.

Further, the age distribution of patients with focal thy-
roid neoplasms due to Graves’ disease was analyzed.

As can be seen from Table 2, among patients with GD
and benign neoplasms predominated patients aged 26—55
years, which was 49.63 %, the second largest group was pa-
tients aged 56 to 65 years — 29.58 % of the total number of
patients with benign thyroid neoplasms.

Out of 409 patients with GD and thyroid nodule forma-
tions, 123 patients were referred for FNAB. The results of
cytological examination are presented in Table 3.

Analysis of cytological examinations of FNA smears of
histologically confirmed benign focal neoplasms of the thy-
roid gland in Graves’ disease showed that the frequencies
of cytological conclusions were distributed as follows. Cy-
tological conclusions — nodular goiter and adenomatous

Table 2. Distribution of patients
with benign neoplasms of the thyroid gland by age

Number Number
of patients (n) of patients (%)

0-18 6 1.47
19-25 10 2.44
26-55 203 49.63
56-65 121 29.58
Older than 65 69 16.87
Total 409 100

node (BSRTC-2) were established in 116 cases (94.3 %).
A detailed analysis of the cytological characteristics of these
benign neoplasms showed that nodular and adenomatous
nodes were characterized by a classic cytological picture for
them, with the presence of epithelial layers of regular archi-
tecture without signs of atypia and polymorphism, with the
presence of colloid or cystic degeneration. A pronounced
immunocytochemical reaction of almost all epithelial cells
with antibodies to Tg and TPO and the absence of CK17 was
shown (Fig. 1).
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Figure 1. Cytological picture of adenomatous nodular goiter: A — FNA smears stained according
to the Romanovsky-Giemsa’s method; B — bright positive immunocytochemical reaction
with antibodies to Tg, x 400
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Table 3. Distribution of patients with GD
and focal thyroid neoplasms depending
on the results of cytological examination

Number
2

116

Figure 2. Cytological signs of epithelial polymorphism
in the FNA smears of a histologically confirmed
benign neoplasm in GD. Romanovsky-Giemsa’s

staining, % 400

Cytological signs of atypia of the follicular epithelium
(BSRTC-3) were identified in 2 examined cases (2.4 %).
These cases were characterized by polymorphism and signs
of a certain atypia of a part of the follicular epithelium, and
an intense immunocytochemical reaction of most part of the
epithelium with antibodies to Tg and TPO and the absence
of CK17, indicating their benign nature (Fig. 2) [14, 15].

Cytological signs of microfollicular tumor structure
were identified in 5 cases (3.3 %). At the same time, a large
number of microfollicular structures were found in the FNA
smears, the immunocytochemical reaction with antibodies
to TG and TPO was also positive in most thyrocytes, and

Table 4. The structure of histological variants
of thyroid benign nodular neoplasms in GD

Number

Histological variant (gfbngftse (la\li‘tg/z;gee;
number) &
GD with adenomatous goiter 104 25.43
GD adenoma 70 17.11
GD colloidal multinodular goiter 78 19.07
GD cysts/nodular hyperplasia 141 34.47
GD solid node 9 2.20
GD thyroiditis 7 1.71
Totally 409 100

CK17 was not detected, indicating a benign nature of tumor
(Fig. 3). In 2 of these cases, a histological diagnosis of ade-
noma was made, which did not contradict the cytological
conclusion. In the other 3 cases, a multinodular goiter with
signs of epithelial oxyphilia was histologically diagnosed.

The data of a histological examination of 409 patients
with benign thyroid neoplasms who underwent thyroidec-
tomy were analyzed. The distribution of patients with mor-
phologically confirmed benign neoplasms by age is shown
in Table 4.

As can be seen from Table 4, the total number of cases of
adenomatous goiter was 104, which accounted for 25.43 %
of the total number of patients. The number of adenomas
was 70 cases, of which 6 were B-cell adenomas, which ac-
counted for 8.57 % of the total number of adenomas. Nodu-
lar hyperplasia was recorded in 141 cases 34.47 %, of which
20 cases were thyroid cysts. Solid nodules were found in 9
cases, which accounted for 2.20 % of the total number of
patients, and thyroiditis — in 7 cases, which accounted for
1.71 %. Thus, among the morphologically confirmed be-
nign neoplasms in GD, cases of nodular hyperplasia and
adenomatous goiter prevailed.

Discussion

Thus, the incidence of benign formations in GD in our
study was 22.06 % of the total number — 1854 operated
patients with GD. Among the group of patients, women

Figure 3. Cytogram of punctates of tumors of microfollicular structure: A, B — microfollicles in FNA smears;
Romanovsky-Giemsa’ staining; C — positive immunocytochemical reaction of punctate cells with antibodies
to TPO, x 200
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aged 25—55 years prevailed, which accounted for 49.63 %,
the second largest group was the group of patients aged 56
to 65 years — 29.58 % of the total number of patients with
benign neoplasms of the thyroid gland. It should be noted
that TSH-R-AD levels of patients do not correlate with the
presence of thyroid nodular neoplasms. It was found that
patients with focal neoplasms were significantly (P < 0.05)
older at the time of the onset of Graves’ disease than patients
with diffusely altered gland without focal neoplasms.

According to cytological studies of punctates from 123
histologically confirmed benign focal neoplasms of the thy-
roid gland in Graves’ disease, BSRTC-2 was found in 94.3 %.
At the same time, BSRTC-3 and BSRTC-4 were cytological-
ly detected in 5.7 % of cases. In the epithelium of the FNA
smears of these formations, signs of polymorphism and atypia
were identified. According to the literature, Graves’ disease
is characterized by polymorphism and pronounced atypia of
the epithelium, and nuclear characteristics even mimic signs
of papillary carcinoma [16, 17]. Incorrect cytological hyper-
diagnosis in such cases was avoided by conducting additional
immunocytochemical studies to determine markers that in-
crease the accuracy of cytological diagnosis (TG, TPO, and
CK17), which demonstrated the benign nature of neoplasms.

The results of the morphological study made it possible
to establish that cysts/nodular hyperplasia develop main-
ly against the background of GD, which accounted for
34.47 % of the total number of focal formations. The second
most frequent ones were adenomatous nodes, the frequency
of which was 25.43 %. Thus, the study made it possible to
establish the features of the cytological and pathomorpho-
logical characteristics of thyroid benign neoplasms.

Conclusions

The incidence of benign thyroid neoplasms in Graves’
disease is 22.06 % of women aged 26 to 55 years. Cytologi-
cal studies of thyroid neoplasm FNA smears in GD made it
possible to clearly establish their benign nature (BSRTC-2)
in 94.3 % of cases. In 5.7 % of cases, cytological categories
BSRTC-3 and BSRTC-4 were identified.

Positive immunocytochemical reactions to TPO and Tg,
and the absence of CK17 allow avoid cytological overdiag-
nosis, characteristic of benign thyroid neoplasms in GD.

Among the pathohistologically confirmed benign thy-
roid neoplasms in GD, in 63.82 % of cases a histological
diagnosis of adenomatous or colloid goiter was established,
in 34.47 % — signs of nodular hyperplasia, and in 1.71 % —
the presence of thyroiditis.
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MopdonoriyHi o0co6AMBOCTI AOBPOAKICHMUX BOrHULLLEBUX HOBOYTBOPEHb
LMTOMNOAIGHOT 30A03U Npu XBOpo6i lpensca

Pestome. Axmyaavnicms. Mopdosoriuti 3MiHM IIATONOAIGHOT
3a503u 1pu xBopoOi [peiisca (XI') nocuth pisHOMaHITHI: y OiJib-
IIOCTi BUNAAKIB CIIOCTEPIiraeThest NMMy3HE 30UTBIIEHHS IIUTOIIO-
nioHOT 3ay103u (Audy3HU 300), B OKpeMUX BUIAAKaX 3a703a He
30iJIbllIeHa, a B ASSIKUX MalLliEHTIB HasiBHI BOrHUILEBI MOOAMHOKI
1 MHOXMHHI HOBOYTBOPEHHSI, BKJIIOYHO 3 PAaKOM HIUTOMOIIOHOT
3aJ1031. 3a JaHUMU JESIKUX OOCHIIKeHb, y mauieHTiB i3 XI' Bor-
HUIEBI YTBOpeHHs criocrepiraiotbest B 10—31 % Bumnaikis, a B
MOJIOBUHM XBOPUX BOHM BUHMKAIOTh HA TJIi JIiIKyBaHHs TioHaMina-
Mu. Memoro 1aHoOi poOOTH OYJIO PETPOCTIEKTMBHE BUBYEHHS MOP-
(bOJIOTIYHUX O0COOIMBOCTEI TOOPOSIKICHUX HOBOYTBOPEHbD LIIMTO-
noaioHoi 3a7103u BHacHiaoK XI' 3a pe3yabsraTaMy IUTOJOTIYHUX i
naroMopGoIOriYHUX AOCHiIKeHb. Mamepiaiu ma memoou. J1o-
cIipKeHHs npoBeaeHo B KiiHili Y «IHetutyt enmokpuHosorii
Ta 00MiHy pedoBuH iMeHi B.I1. Komicapenka HAMH VYkpainu».
CrnouaTtky Oyau BimiOpani Bci mauieHTtu i3 XI, mpoorepoBaHi y
BiZIiIeHHI eHIOKpUHHOI Xipyprii 3 2008 mo 2019 p. (1854 nauieH-
). [ToTiM cepen Hux Oysu BifiOpaHi Ti, y KOTo 3a JaHUMMU I1aTO-

TiCTOJIOTiYHOTrO NOCIIMKEeHHS Oy/I1 1OOPOSIKiCHI BOTHUILIEBi YTBO-
peHHs1. Pezyrsmamu. Yactota 10OpOSIKICHMX YTBOPEHb IITUTOIO-
nioHoi1 3amo3u ipu XI' ctanoButh 22,06 % y XiHOK BiKOM Big 26
1o 55 pokiB. LluTosnoriuHi gocmimkeHHsI TyHKTaTiB HOBOYTBOPEHb
LIUTOMNONIOHOT 3a7103u Npu X[ 103BOJMIM YiTKO BCTAHOBUTH iX
nobposikicHy nipupoay (BSRTC-2) B 94,3 % Bunazkis. Y 5,7 %
BUITaJKiB OyJIM BCTAaHOBJIEHI LMTOJOTIYHI Kateropii BSRTC-3
i BSRTC-4. YHUKHYTM LIMTOJIOTiYHOI TiMEpAiarHOCTUKU, sSIKa €
XapaKTepHOIO MJIs1 J0OPOSIKICHUX HOBOYTBOPEHb LIUTOIMOMIOHOL
3aj1031 Ha T1i X[, 103BOJISIIOTh MO3UTUBHI iIMyHOLIMUTOXIMIUHI pe-
aKIIii 10 TUPEOITHOI ITIepOKCUIA3U i TUPEOTIO0YIiHY i BIICYTHICTh
uuTOKepatuHy-17. Bucnoexu. Cepen maToricTONIOTiYHO MiATBEP-
JDKEHUX T0OPOSIKICHUX HOBOYTBOPEHb LIMTOMNOAIOHOT 371031 TTPU
XTIy 63,82 % BumaakiB TriCTOJIONIYHUM iarHO30M OYB ageHOMa-
TO3HUIT 260 KOJIOinHMit 300, Y 34,47 % Bin3Hayaaucst O3HAKU BY3-
JI0BOI Tinepriasii, y 1,71 % — HasiBHICTb TUPEOIAUTY.

KirouoBi cioBa: xsopo6a Ipeiica; murononioHa 3anosa; m0-
OpOosIKiCHi HOBOYTBOPEHHSI IIUTOMOIIOHOT 3371031
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