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Abstract. Despite the favorable prognosis for most patients with papillary thyroid cancer (PTC) there are problems of timely 
prediction of aggressive subtypes, metastasis, radioiodine resistance (RIR) of PTC, differentiation of indolent from aggressive 
forms of microcarcinomas, since the treatment tactics depend on this. This report considers a new direction in the development 
of clinical thyroidology – cytological prediction of aggression and RIR of PTC. The aim was to analyze the literature data and 
present the results of our own studies on the determination of cytological manifestations of aggression and RIR of PTC, which 
will allow us to develop effective methods for early preoperative prediction of tumor aggression, which will help determine 
adequate treatment tactics. Material and methods. A review of literature sources was conducted, and the data of our own 
studies were analyzed. Methods of cytological and immunocytochemical examinations of PTC and their metastases smears 
obtained as a result of fine-needle aspiration biopsy (FNAB) were used. Results. Literature data indicate that the latest approach 
in thyroidology is the determination of certain cytological features (adhesive properties of cells, architecture of cell layers, 
nuclear-cytoplasmic ratio, presence of atypical histiocytoid cells, multinucleated cells of the foreign body type) as prognostic 
factors. We have conducted for the first time a comprehensive cytological and immunocytochemical studies of PTC and their 
metastases punctates of patients with the development of aggression and RIR compared to patients with a positive effect of 
radioiodine therapy (RIT). This allowed us to propose a decrease in the expression of thyroid peroxidase (TPO), high expression 
of cytokeratin 17 (CK17) and the emergence of special cellular phenotypes as cytological markers for predicting aggression 
and RIR of PTC. Conclusions. The results of the analysis of literary data and our own studies demonstrate fundamentally new 
possibilities for using the method of cytological examination of the FNAB material for PTC. 
Keywords: papillary thyroid carcinoma, aggression, metastasis, radioiodine-resistant metastases, cytological prediction

PTC is the most common subtype of thyroid 
cancer, accounting for 80-85% of all thyroid can-
cers. Patients with differentiated thyroid can-
cer have a favorable prognosis, with the majority 
(>95%) surviving for more than 20 years thanks 

to an effective treatment protocol based on thy-
roidectomy followed by RIT [1]. However, some 
subtypes of PTC exhibit aggressive behavior and 
poor prognosis. Regional metastases to the cervi-
cal lymph nodes occur in 30–50% of patients with 
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PTC, leading to regional tumor recurrence and 
mortality. The recurrence rate in PTC patients is 
as high as 25%, according to long-term follow-up 
statistics [2, 3]. The vast majority of patients with 
recurrence require surgical reoperations, which is 
costly and a cause of physical loading for the pa-
tient. In addition, reoperation increases the risk of 
postoperative complications, such as damage to the 
recurrent laryngeal nerve and temporary or per-
manent hypoparathyroidism [4]. Therefore, iden-
tifying factors that predict lymph node metastasis 
(LNMs) and recurrence of PCT can significantly 
help in the diagnosis, treatment, and postoperative 
monitoring of patients. Preoperative detection of 
LNMs is crucial for planning PCT surgery. Cur-
rently, ultrasound is the best method for screening 
thyroid and cervical lymph nodes [5]. However, 
only 20-40% of patients with cervical lymph node 
metastases can be diagnosed preoperatively by ul-
trasound [6]. Previous studies have shown that 
cervical lymph node metastases correlate with his-
topathological features of PCT, such as lymphat-
ic invasion, the presence of psammomatic bodies, 
micropapillary structures, discohesive tumor cells, 
Hobnail and tall cells [7, 8]. However, these histo-
pathological features can be identified in surgical 
specimens after surgery. A small proportion of PCT 
shows aggressive clinical behavior, such as high 
rates of extracapsular invasion (ECI), multifocali-
ty, regional and distant metastases, and recurrences 
[9]. Some aggressive types of PCT are recognized 
by the World Health Organization as biologically 
aggressive variants, which include tall-cell, colum-
nar-cell, solid, Hobnail, diffuse-sclerosing, even 
some non-aggressive subtypes (classical or follicu-
lar subtype) can also exhibit aggressive clinical be-
havior [10]. A serious problem is the presence of ag-
gressive variants among thyroid microcarcinomas, 
which are important to differentiate from indolent 
papillary microcarcinomas to determine the tactics 
of therapy. Therefore, the issue for early prediction 
of aggressive PTC behavior in order to determine 
adequate therapy is extremely relevant.

Currently, there are different staging systems for 
PTC, based on which their behavior is predicted. 
According to the AMES (age, metastases, exten-
sion, size) system, the main prognostic factors are 
the patient’s age, the presence of distant metasta-
ses at the time of observation, extrathyroidal ex-
tension, and tumor size. According to this system, 
patients under 40 (men) or 50 (women) years of 

age with no distant metastases and patients of any 
age with carcinoma <5 cm, without extrathyroidal 
extension and microinvasive follicular histology are 
classified as a low-risk group, and other patients as 
a high-risk group. Relapse-free survival rate in pa-
tients in the low-risk group is 98.2%, and the recur-
rence rate is 5.0%, while for high-risk groups these 
figures are 54.0% and 55.0%, respectively [11]. An-
other staging system, AGES (age, grade, extention, 
size), is based on such parameters as age, tumor ex-
tension, its size, and histological class. For the low-
risk group, 25-year survival is 87%, for the high risk 
group – 35%. The MACIS (metastases, age, com-
pleteness of resection, invasion, size) system takes 
into account the presence of distant metastases, 
the patient’s age, tumor size, and extrathyroidal 
extension [12]. In 2009, the American Thyroid As-
sociation proposed the TNM (tumor, node, metas-
tases) prognostic system, which classifies patients 
into very low-risk groups (unifocal, intrathyroid 
T1aN0M0), intermediate (T1bN0M0, T2N0M0, or mul-
tifocal T1N0M0) and the high risk ones (T3 or T4N1, 
or M1). The high risk group based on the extrathy-
roidal tumor extension is divided into intermedi-
ate-risk (minimal extrathyroidal extension, N1) 
and high-risk (massive extrathyroidal extension, 
M1, incomplete tumor resection) subgroups [13]. 
Identification of prognostic factors and formation 
of risk groups of differentiated thyroid cancers 
helps to formulate individual rational therapeutic 
approaches that allow avoiding costly unnecessary 
treatment, but adding really necessary stages. In 
addition, molecular markers are used for preopera-
tive prediction of differentiated thyroid cancer be-
havior, on the basis of which risk groups are formed 
and more or less aggressive surgical tactics are used.

The most important histological factors for tu-
mor behavior are extrathyroidal extension, vas-
cular invasion, tumor size and its multicentric 
growth. Extrathyroidal extension is considered an 
independent unfavorable factor for tumor behavior 
and patient survival. Patients with minor tumor 
extension (T3) have a better prognosis compared 
to those with significant extension (T4) into the 
trachea, larynx, and esophagus. For patients with 
extrathyroidal extension of PTC, the risk of relapse 
and death is higher than for patients without such 
extension [14, 15]. Detailed studies have demon-
strated an association of extrathyroidal tumor ex-
tension with factors that coordinate the regulation 
of genes involved in the organization of the extra-
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cellular matrix, with genes important for iodine 
transport (SLC5A5 and SLC26A4) [16, 17]. Vas-
cular invasion is considered an important predic-
tor of the distant metastasis development and the 
effectiveness of RIT for Hurtle cell, follicular, and 
poorly differentiated thyroid cancers [18]. Tumor 
size is also the most important prognostic factor 
for the TC behavior. Its increase correlates with an 
increase in the frequency of local relapses and neg-
atively affects the patient survival. The presence of 
distant metastases is also considered an independ-
ent prognostic factor. In addition, it is noted that 
patients with multicentric papillary carcinomas 
have an older age, a higher TNM stage, and a higher 
relapse rate than patients with unifocal PTC. Pa-
tients with multicentric papillary microcarcinoma 
demonstrate a higher relapse rate and mortality 
than patients with unifocal microcarcinoma [18, 
19]. The prognostic value of histological classifica-
tion of tumors was compared with a combined as-
sessment of key histological features, such as severe 
nuclear atypia, vascular invasion, i.e. with histolog-
ical class. It turned out that the subclassification of 
PTC does not have a high prognostic value, while 
histological class is an important independent 
marker. The presence of tumor necrosis in histolog-
ical samples reflects not only tumor biology, but also 
provides additional valuable information regarding 
the prognosis. The prognostic value increases if 
both the subclassification and histological class of 
the tumor are taken into account. There is evidence 
that the prognostic value of subclassifications may 
be low in cases of heterogeneous structure of car-
cinomas. Other authors believe that the amount of 
aggressive component of thyroid cancer (insular or 
poorly differentiated) is important for the progno-
sis [20, 21]. Thus, there are different staging PTC 
systems (AMES, AGES, MACIS, TNM), based on 
which the prognosis of the disease course is carried 
out, which are based on general clinical character-
istics of patients and histological characteristics of 
tumors. In this case, the prognosis of tumor behav-
ior is carried out at the postoperative stage, when 
it is impossible to change the approach to surgical 
intervention. 

Since surgical treatment of PTC is currently 
reduced to a minimum, individual preoperative 
assessment of thyroid carcinoma aggression is an 
important component in determining the extent of 
surgical resection. Due to prophylactic lymphad-
enectomy, even lymph nodes that do not have me-

tastases are often resected. As a result, the opera-
tion volume is unjustifiably increased and problems 
such as hypocalcemia and recurrent laryngeal nerve 
damage arise; therefore, debates on the effectiveness 
and necessity of prophylactic lymphadenectomy 
continue [4]. While prophylactic removal of cen-
tral clinically negative (cN0) lymph nodes in PTC 
was recommended in the previous 2016 American 
Thyroid Association guidelines, it is no longer rec-
ommended in the revised 2009 and 2015 American 
Thyroid Association guidelines [1, 22].

Therefore, if the required surgical volume could 
be determined by predicting the LNMs before sur-
gery, it would be possible to select the optimal sur-
gical method for each patient in more detail and 
reduce various side effects associated with prophy-
lactic lymphadenectomy. It is very important to 
differentiate aggressive from indolent PTCs at the 
preoperative stage, which will allow developing an 
appropriate treatment plan, that include more ag-
gressive surgery, adjuvant therapy and closer sur-
veillance. Intraoperative diagnostics cannot help 
to determine the exact subtype of PTC and has 
a high rate of false-negative results of LNMs [23, 
24]. At the same time, cytological diagnostics of 
FNAB material has become widespread and is used 
as the most effective tool for early preoperative di-
agnostics of benign and malignant tumors [1, 25, 
26]. Previously, the main tasks of cytological diag-
nostics were differential diagnostics of benign and 
malignant neoplasms, diagnostics of lymphoprolif-
erative and metastatic processes. Currently, there 
are much more modern possibilities of cytological 
diagnostics, in particular, preoperative prediction 
of tumor behavior, on the basis of which adequate 
therapy is developed for each specific tumor. The 
capabilities of the cytological method are signifi-
cantly increased by the use of immunocytochemi-
cal research. There are many examples of success-
ful preoperative prediction of tumor behavior for 
the selection of adequate therapy using material 
obtained by FNAB of malignant neoplasms of var-
ious localizations (determination of the hormonal 
status of breast tumors, differential diagnostics of 
lymphomas etc.) [27]. Fundamentally new possibil-
ities for the use of pancreatic cancer smears materi-
al for testing targeted anticancer drugs in culture 
are shown. Similar approaches are also being devel-
oped for anaplastic thyroid cancer [29]. The latest 
approach in thyroidology is the analysis of certain 
cytological features of epithelial cells (structure of 
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nuclei and cytoplasm, adhesive properties of cells, 
cellularity of the smears, architecture of cell sheets, 
nuclear-cytoplasmic ratio), as well as background 
cytological processes (the presence of histiocytes, 
macrophages, multinucleated foreign body cells, 
the presence of lymphoid infiltration) as prognos-
tic factors of thyroid tumor aggression [30]. Many 
studies have been conducted on the prognostic 
LNM factors, since it is their presence that affects 
the volume of surgical intervention [31, 32]. Y. Zhu 
et al. using univariate and multivariate analysis 
using logistic regression identified important cy-
tomorphological features that correlate with some 
clinicopathological indicators in patients with 
PTC. The results obtained after analyzing studies 
conducted in 216 patients showed that cellularity, 
intranuclear pseudoinclusions, cell adhesion, nu-
clear size and nuclear pleomorphism were strong 
predictors of some clinicopathological parameters 
such as ECI and the LNM presence, while lympho-
cytes, membrane nuclear regularity and multinu-
cleated giant cells were not prognostic factors [30].

It is known that the adhesive properties of epi-
thelial cells differ in benign and malignant tumors. 
If in benign tumors the epithelial cells are closely 
connected to each other, then in malignant tumors 
the cells lose this adhesive connection, which al-
lows them to separate more easily from the epithe-
lial layer and be ready for migration and metastasis. 
Cytological assessment of the cell adhesion (degree 
of aggregation) and the amount of cytoplasm in the 
cell smears is carried out using a scoring system 
from 0 to 2. Adhesion score 0 means the presence of 
predominantly small epithelial layers in the smears 
and the absence of individual isolated cells. Adhe-
sion score 1 is assigned to smears containing several 
isolated cells or small epithelial layers. Adhesion 
score 2 (in this case the adhesive properties of the 
cells are lost) is assigned to preparations with the 
presence of predominantly isolated epithelial cells, 
or the presence of solid cell clusters. Multivariate 
logistic regression analysis demonstrated that ECI 
was present in a greater number of patients with a 
cell adhesion score of 2 than in those with an adhe-
sion score of 0 (P=0.002, OR=5.248), but there was 
no significant difference between patients with an 
adhesion score of 1 and 0. This meant that for PTC, 
including microcarcinomas, the ECI possibility 
increases significantly in the presence of predomi-
nantly isolated thyrocytes, i.e., epithelial cells with 
loss of adhesive properties. These studies made it 

possible to propose prognostic models of LNM us-
ing cytological characteristics in PTC smears. The 
LNM rates in patients with scores of 2, 1, and 0 were 
62.7% (52/83), 31.3% (21/67), and 3.9% (3/76), 
respectively, i.e., with a gradual decrease in cellular 
adhesion of PTC, the incidence of LNM increases 
accordingly. This is of great practical importance in 
clinical work for making clinical decisions, for ex-
ample, regarding the need for prophylactic lymph 
node dissection. The next cytological characteristic 
that the researchers focused on was the amount of 
cytoplasm in thyrocytes: scanty (score 0), medium 
(score 1), and abundant (score 2). The LNM rates 
of patients with scanty, medium and abundant cy-
toplasm were 16.7% (15/90), 32.2% (19/59) and 
54.5% (42/77), respectively. This may be typical 
for some aggressive subtypes of PTC with frequent 
metastasis to the lymph nodes, such as diffuse scle-
rosing, tall cell, and columnar cell subtypes, the 
cells of which are characterized by a large amount 
of cytoplasm. That is, a large amount of cytoplasm 
in epithelial cells may indicate increased invasive-
ness of tumors. Thus, such cytomorphological fea-
tures as cell adhesion and the amount of cytoplasm 
may be a valuable tool for identifying ECI or LNM 
in patients with PTC, including the T1 variant (mi-
crocarcinomas).

The next promising cytologic factors for pre-
dicting thyroid carcinoma behavior were atypical 
histiocytoid cells and multinucleated giant cells 
[33]. AHCs detected in FNA material of thyroid 
and LNM tumors are tumor cells that have a his-
tiocytoid or epithelioid appearance, dark to vesic-
ular nuclei, and abundant cytoplasm [34, 35]. M. 
Canepa et al. reported that AHCs were identified 
in 68% FNA of PTC involving cervical lymph node 
metastases [34]. In their study, AHCs were iden-
tified in 122 (55.0%) of 222 aspirates in primary 
PTC and found a significant correlation between 
their presence in PTC and LNM smears after sur-
gical resection. Thus, it was suggested that AHCs 
in FNA of primary PTC do not simply represent 
cystic variants of PTC, but serve as potential bio-
markers for predicting LNM. Studies have shown 
that BGCs are associated with larger tumor size 
and extrathyroidal extension of PTC [36]. As a 
result of the studies conducted, it was shown that 
cytomorphological characteristics such as AGCs 
and BGCs observed in FNA material of PTC were 
significantly correlated with LNM (p<0.001 and 
p<0.001, respectively). In multivariate logistic re-
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gression analysis, AGCs (OR, 2.761; p=0.005) were 
a significant factor associated with LNM [33]. We 
have contributed to preoperative tumor prognosis 
by developing new effective methods for preoper-
ative prognosis of PTC behavior for the first time. 
The problem of diagnosis and treatment of PTC is 
RI-resistant metastases (RIRM), the cells of which 
lose the ability to accumulate RI, which occur in 
2-25% of cases. At the same time, the average me-
dian survival of patients with distant RIRM is only 
2.5–3.5 years [37, 38]. Delay in detection of metas-
tases significantly worsens survival rates of patients 
with thyroid cancer, so it is important to have the 
ability to predict the RIRM development early for 
possible prevention of their appearance or for time-
ly detection. The earliest way to predict RIRM of 
PTC is preoperative cytological prediction using 
FNA material. In world practice, molecular genet-
ic methods, such as detection of BRAF gene mu-
tations, are used to predict the thyroid carcinoma 
behavior on preoperative material. However, these 
methods are very expensive and can hardly be used 
in current practice in Ukraine [39]. The basis for 
the development of RI process in PTC resistance 
is the disruption of molecular, biological, physi-
cal and genetic mechanisms of RI accumulation 
by thyroid cells [40, 41]. To date, few studies have 
been conducted to study the molecular, histological 
and immunohistochemical characteristics of PTC 
[42, 43]. At the same time, no data on the study of 
the FNA material and cytological characteristics 
that could correlate with the iodine-accumulating 
capacity of PTC were found in the scientific liter-
ature. The analysis of the scientific literature on 
this issue prompted us to conduct a pilot complex 
cytological and immunocytochemical study of the 
PTC smears material (in comparison with the cor-
responding groups of PTC and their metastases) in 
order to identify characteristic cytological features 
and create, on their basis, methods for preoperative 
predicting RIR.

We have conducted a comprehensive cytologi-
cal and immunocytochemical study of FNA smears 
from 161 RIRM of PTCs compared with 164 pa-
tients with a positive effect of RIT and 90 primary 
PTCs. This allowed us to detect some specific cyto-
logical and immunocytochemical features of their 
thyrocytes and, on this basis, to develop for the first 
time methods for preoperative prediction of aggres-
sion and RIR in PTCs. We propose the use of de-
creased TPO expression, high expression of CK17, 

and the emergence of special cellular phenotypes as 
cytological markers for predicting aggression and 
RIR in PTCs. The analysis of the correlation be-
tween a number of epithelial cells reacting with an-
tibodies to TPO in the FNA smears samples of PTC 
and the frequency of metastases detection in these 
patients in the postoperative period (after thyroid-
ectomy and RIT) proves the presence of an inverse 
correlation between the parameters (p<0.05), both 
by the definition of gamma correlation (-0.489362) 
and by the Spearman method (-0.344788). It was 
shown that with a high content of thyrocytes and 
a positive reaction of antibodies to TPO (TPO+) 
in smears of the primary PTC (from 50 to 92%), 
metastases were not detected in the postoperative 
period. At the same time, the appearance of RIRM 
was recorded only in cases of the absence of TPO 
expression in the FNA smears material of PTC, or 
if it occurred in a maximum of 25.0% of thyrocytes 
in the smears. The results of the conducted studies 
show that the determination of the thyrocytes con-
tent with the TPO presence in the FNAB material 
of PTC can be used to predict their behavior and 
metastasis tendencies in the postoperative period. 
The absence of expression or a low percentage (less 
than 25%) of thyrocytes with TPO in the materi-
al of PTC FNA smears does not exclude metastasis 
in the postoperative period and the occurrence of 
RIRM, a high percentage of TPO+ epithelial cells 
in the smears (more than 50%) allows predicting a 
favorable tumor behavior without waiting for the 
formation of postoperative metastases [44]. The 
use of immunocytochemical detection of cells con-
taining cytokeratin No. 17 (CK17) in PTC FNA 
smears allows predicting the occurrence of RIRM 
with 70% significance in cases where the percent-
age of these cells is more than 10% [45]. This meth-
od allows identifying a risk group of patients with a 
high significance of RIRM and more carefully mon-
itoring them. That is, in the presence of RI-nega-
tive scanograms, use additional research methods 
(X-ray, ultrasound, FDG RET diagnostics). Given 
the high risk of aggression of CK17-positive PTC, 
hemithyroidectomy should be avoided even in cas-
es of small size of such carcinomas.

We have demonstrated the presence of pheno-
typic heterogeneity of follicular epithelium in the 
RIRM FNA smears of PTC, which was manifested 
by a greater diversity of subclones and structures 
of thyrocytes compared to RI-sensitive metastases 
(RISM). One of the cytological features of RISM 
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is the presence of special phenotypes of epithelio-
cytes (S- or «light» cells), which differed from the 
general population of epithelium by the presence of 
a clear contour, light cytoplasm, and the absence of 
thyroglobulin and TPO involved in the RI accu-
mulation. The difference between the frequency of 
metastasis in the groups with and without S-cells in 
the FNA smears of primary PTCs was statistically 
confirmed (p = 0.0272). It was shown that postop-
erative metastases, including RIRMs, were identi-
fied in 60.97% cases of the S-cell presence in smears 
of primary PTCs. At the same time, in patients with 
the absence of these cells in the PTC smears, such 
metastases were determined only in 35.42%. The 
study of the correlation between the S-cell pres-
ence in the smears of primary PCT and the number 
of regional metastases showed that in patients with 
multiple regional metastases, these cells were de-
tected in 42% of cases, while in patients with the ab-
sence of regional metastases, S-cells were detected 
only in 22% of cases (p<0.05) [44]. Figure 1 shows 
the scheme for predicting postoperative metastases 
based on the detection of cytological factors in the 
FNA material of PTC.

influence on it. A decrease in the process of iodine 
organization due to a decrease in TPO expression 
leads to its rapid efflux from the cell and reduces 
the efficiency of RI accumulation [46]. A significant 
difference was determined between the percentage 
of TPO+ thyrocytes in RIRM and RISM of PTC 
(p<0.001). Statistical analysis showed that the 
median specific gravity of cells containing TPO for 
the RIRM group was 0, and for the RISM group – 
72.5%. We will use the median of 72.5% as the av-
erage percentage of TPO+ cells, the excess of which 
clearly indicates RI sensitivity of the metastasis. At 
the same time, the absence of cells with TPO clear-
ly indicates RIR of the metastasis. The maximum 
percentage of TPO+ cells was 20% for the RIRM 
group, which is lower than the minimum value of 
the same indicator for the RISM group (30%). 

Analysis of the effectiveness for the conducted 
RIT demonstrated that, despite the fact that all 
metastases in this group accumulated RI, the RIT 
effectiveness of patients with different percentages 
of TPO+ cells was different. Thus, in 75.0% of cas-
es, RIT was successful in patients of this group. In 
such patients, the percentage of TPO+ cells in the 
punctates (aspirates) of postoperative metastases 
exceeded 60%. At the same time, in 25% of patients 
of this group, although metastases initially accumu-
lated RI, they lost this ability over time, i.e. second-
ary RIR of metastases developed. The latter were 
removed surgically. The relative number of TPO+ 
cells in the FNA smears of these metastases ranged 
from 30 to 50%. This indicates that intermediate 
values ​​of the specific gravity of TPO+ cells (from 
30 to 50%), although they suggest moderate RI ac-
cumulation, but it may be insufficient for success-
ful RIT. These results allowed us to propose for the 
first time a new method for preoperative prediction 
of RIR and determination of the RIT efficiency for 
PTC based on immunocytochemical determination 
of TPO expression in the FNA smears of postopera-
tive metastases. The absence of TPO expression in-
dicates the inability of metastatic cells to accumu-
late RI, the futility of treating this metastasis with 
RI and the advisability of its surgical removal. If 
more than 72.5% of the thyrocytes of the metastasis 
smears contain TPO, the ability of the metastasis to 
accumulate RI, high efficiency and the appropriate-
ness of further RIT are assumed. If the content of 
TPO+ cells in the metastasis smears is from 30% to 
50%, moderate accumulation of RI is possible, but 
the efficiency of RIT may be low [47].

Fig. 1. Algorithm for predicting the appearance of metastases in the post-
operative period based on the identification of cytological factors in the 
material of PTC FNAB. 

The next method of preoperative prediction of 
PTC RIRM concerns metastases that can appear 
in the postoperative period even against the back-
ground of standard treatment of thyroid cancer 
(thyroidectomy, hormonal suppressive therapy, RI 
therapy). It is known that the conditions for effec-
tive accumulation of RI by thyrocytes are not only 
its absorption by the cell, but also the effective pe-
riod of isotope half-life. The period of iodine organi-
zation, which is catalyzed by TPO, has an important 
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Literature data confirm that TPO can be a prog-
nostic factor for thyroid tumor aggression. Immu-
nohistochemical determination of this antigen in 
the material of thyroid neoplasms is considered 
as a factor for metastasis and recurrence [48]. A 
strong negative correlation was demonstrated be-
tween TPO expression in the histological material 
of PTC and metastasis to the lymph nodes in pa-
tients (p=0.004). The results of the studies showed 
that TPO expression at the TNMIV tumor stage 
significantly exceeded that (p<0.0001), and the 
level of TPO expression was significantly lower at 
tumor stages T3 and T4 than at stage T1. In addi-
tion, TPO expression was significantly higher in 
patients with PTC without LNMs than in patients 
with such metastasis (p<0.0001), confirming the 
role of TPO expression in predicting LNM [48]. 

Our cytological studies of RIRM and RISM 
smears demonstrated that RIRM are characterized 
by phenotypic heterogeneity of the epithelium, 
represented by special cellular phenotypes, such as 
«clear cells», the presence of cystic degeneration 
and special cellular complexes (psamomal bodies 
surrounded by thyrocytes with signs of vacuola-
tion). Correlation analysis of the presence of the 
cytological sign of cystic degeneration and TPO 
expression in RIRM of PTC smears did not reveal 
a relationship between these factors of preopera-
tive prognosis of RIR (Spearman’s rank correlation 
coefficient is -0.061967). That is, the presence of 
cystic degeneration and TPO expression in postop-
erative metastases act as independent cytological 
prognostic factors of RIR of PTC [44]. The scheme 
for cytological prognosis of RIRM is presented in 
Fig. 2.

Thus, this work shows fundamentally new pos-
sibilities for using the method of cytological exami-
nation of FNA material for PTC.    
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Цитологічне прогнозування агресії раку 
щитоподібної залози як новітній перспективний 
напрямок у клінічній тиреоїдології
Г.В. Зелінська
ДУ «Інститут ендокринології та обміну речовин ім. В.П. Комісаренка  
НАМН України» 

Резюме. Незважаючи на сприятливий прогноз для більшості па-
цієнтів із папілярною карциномою щитоподібної залози (ПКЩЗ), іс-
нують проблеми своєчасного прогнозування агресивних субтипів, 
метастазування, радіойодрезистентності ПКЩЗ, диференціювання 
індолентних від агресивних форм мікрокарцином, оскільки від 
цього залежить тактика лікування. У цьому повідомленні розгляну-
тий новий напрямок розвитку клінічної тиреоїдології – цитологіч-
не прогнозування агресії та радіойодрезистентності ПКЩЗ. Мета. 
Проаналізувати літературні дані та навести результати власних до-
сліджень щодо визначення цитологічних проявів агресії та радіо
йодрезистентності ПКЩЗ, що дозволить розробити ефективні ме-
тоди раннього передопераційного прогнозування агресії пухлин, 
що допоможе визначити адекватну тактику лікування. Матеріал і 
методи. Проведено огляд джерел літератури, проаналізовано дані 
власних досліджень. Використані методи цитологічного та імуноци-
тохімічного дослідження пунктатів ПКЩЗ та їх метастазів, отриманих 
у результаті проведення тонкогольчастої аспіраційної пункційної 
біопсії (ТАПБ). Результати. Літературні дані свідчать, що новітнім 
підходом у тиреоїдології є визначення певних цитологічних ознак 
(адгезивних властивостей клітин, архітектури клітинних пластів, 
ядерно-цитоплазматичного співвідношення, наявності атипових 
гістіоцитоїдних клітин, багатоядерних клітин типу інородних тіл) в 
якості прогностичних чинників агресії пухлин щитоподібної залози. 
Нами вперше проведено комплексне цитологічне та імуноцитохі-
мічне дослідження пунктатів ПКЩЗ та їх метастазів пацієнтів із роз-
витком агресії та радіойодрезистентності порівняно з пацієнтами 
з позитивним ефектом радіойодтерапії. Це дозволило запропо-
нувати зниження експресії тиреоїдної пероксидази (ТПО), високу 
експресію цитокератину 17 (ЦК17) та появу особливих клітинних 

фенотипів в якості цитологічних маркерів  прогнозування агресії та 
радіойодрезистентності ПКЩЗ. Висновки. Результати аналізу літе-
ратурних даних та власних досліджень демонструють принципово 
нові можливості використання методу цитологічного дослідження 
матеріалу ТАПБ ПКЩЗ.
Ключові слова: папілярна карцинома щитоподібної залози, агре-
сія, метастазування, радіойодрезистентні метастази, цитологічне 
прогнозування

For citation: Zelinska HV. Cytological prediction of thyroid cancer ag-
gression as a new promising direction in clinical thyroidology. Endokryn-
ologia. 2024;29(4):363-371. DOI: 10.31793/1680-1466.2024.29-4.363. 
Correspondence address: Zelinska Hanna Volodymyrivna, ann.zelin-
skaya@ukr.net; State Institution «VP Komisarenko Institute of Endocri-
nology and Metabolism of the NAMS of Ukraine», Vyshgorodska Str., 69, 
Kyiv 04114, Ukraine.
Information about the author: Zelinska Hanna Volodymyrivna, Dr. 
Sci. (Biology), Senior Researcher of Functional and Ultrasound Diagnos-
tic Laboratory, ORCID: 0000‑0001‑7421‑0981.
Personal contribution: Zelinska H.V. – concept and design of re-
search, literature analysis, cytological and imunocytochemical re-
searches, analysis and interpretation of the results, writing an article.
Funding: the study was carried out within the budget funding accord-
ing to the plan of research work of the State Institution «V.P. Komisaren-
ko Institute of Endocrinology and Metabolism of the NAMS of Ukraine» 
(registration number: 0120U10064).
Declaration of ethics: the author have declared no conflicts of inter-
est or financial obligations.
Article: received November 23, 2024; revised November 26, 2024; ac-
cepted November 26, 2024; published December 30, 2024.

Для цитування: Зелінська ГВ. Цитологічне прогнозування агресії 
раку щитоподібної залози як новий перспективний напрямок у 
клінічній тиреоїдології. Ендокринологія. 2024;29(4):363-371. DOI: 
10.31793/1680-1466.2024.29-4.363. 
Адреса для листування: Зелінська Ганна Володимирівна, ann.
zelinskaya@ukr.net; ДУ «Інститут ендокринології та обміну речовин 
ім. В.П. Комісаренка НАМН України», вул. Вишгородська, 69, м. Київ 
04114, Україна.
Відомості про автора: Зелінська Ганна Володимирівна, 
д-рка біол. наук, старша наукова співробітниця лабораторії 
функціональної та ультразвукової діагностики, ORCID: 0000-0001-
7421-0981.
Особистий внесок: Зелінська Г.В. – концепція та дизайн 
дослідження, аналіз літератури, цитологічні та імуноцитохімічні 
дослідження, аналіз та інтерпретація результатів, написання статті.
Фінансування: дослідження виконано в межах бюджетно-
го фінансування згідно з планом науково-дослідної роботи ДУ 
«Інститут ендокринології та обміну речовин ім. В.П. Комісаренка 
НАМН України» (реєстраційний номер 0120U10064).
Декларація з етики: автор заявив про відсутність конфлікту 
інтересів або фінансових зобов’язань.
Стаття: надійшла до редакції 23.11.2024 р.; перероблена 26.11.2024 р.; 
 прийнята до друку 26.11.2024 р.; надрукована 30.12.2024 р.

ISSN 1680-1466’ ENDOKRYNOLOGIA’ 2024, VOLUME 29, No. 4

371




