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Abstract

Thyroid cancer is a disease with a good prognosis and high survival rates, but
having a marked growth of incidence all over the world in the last years. This fact
requires special attention of researchers for understanding the behavior of this disease
and to establish a correct therapy. Analysis of circulating tumor cells in patients with
different malignancies is nowadays a new and exciting research tool, which can improve
the diagnosis and prevent the metastatic disease. In the case of thyroid carcinoma
there are few studies which explore these biomarkers and investigate the prognostic
significance of circulating tumor cells. With this review we seek to emphasize the role
of these cells to better understand the mechanisms of invasion or metastasis and to
establish a new research base to treat aggressive forms of this type of cancer. Most of
the included studies demonstrate the efficacy of these markers for diagnosis and follow up.
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Introduction

Thyroid cancer is the most frequent endocrine
cancer having an impressive increase of the incidence in the
past years, especially in young adults. It is estimated that by
2019, thyroid cancer will be the third most frequent type
of women’s cancer [1]. According to Globocan records, a
prediction for 2015 is that 804 new thyroid cancers will
occur in Romania, accounting for about 0.004% of the
country’s population, with a 5:1 F/B ratio [2]. Unfortunately
these data are discordant with the institutional data, due to
the lack of reports and to the absence of a national registry
for thyroid cancer. Thyroid cancer may take several forms,
among them differentiated thyroid carcinomas (DTC), with
a very good prognosis and survival rate, with more than
90% complete remission; poorly differentiated carcinomas,
with aggressive development and low survival rates [3].
The increased incidence of thyroid cancer might be due
to higher ionizing radiation exposure, thyroid ultrasound
screening with improved technical performance of the
equipments, better access to medical examination and
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genetic testing. Figure 1 shows the thyroid cancer incidence
between 1970-2014, in a Romanian tertiary institute [1].

The diagnosis of this disease is determined by clinical
examination, thyroid ultrasound, fine needle aspiration
biopsy (FNAB), serological examinations, scintigraphy,
CT (computed tomography)/RMN (magnetic resonance)/
PET-CT (hybrid imaging positron emission tomography
and CT), imaging being reserved to special conditions.
In managing thyroid cancer, everything revolves around
two methods currently regarded as landmarks: serum
thyroglobulin concentration and FNAB, the latter being
considered a “gold standard” in thyroid cancer screening.

This method has a good positive predictive value
(90-100%), but it may be imprecise in 15-20% of cases,
especially in follicular lesions [4]. FNA specimens cannot
give information on vascular invasion and also they do not
have the ability to distinguish between follicular adenoma
and follicular carcinoma [3].

Due to the molecular biology development and the
appearance of various biomarkers, many centers attempted
to analyze various molecules for a precocious and minimally
invasive diagnosis of thyroid cancer or to assess the
prognosis of this disease. Serum markers were examined,
as were micro molecular markers, such as the expression of
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various micro ARN molecules (mRNA) in thyroid cancer.
The latest studies focus on the metastatic capacity of
thyroid carcinomas, analyzing detection and quantification
of circulating tumor cells (CTC) as a prognostic factor.
CTCs are malignant cells which originate from the primary
tumor, penetrate the vascular wall or the lymph vessel walls
adjacent to the tumor into the bloodstream or lymphatic
ducts. CTCs are most likely accountable for the metastasis
of various types of carcinomas [5]. There is an epithelial
specific antigen - EpCAM (Epithelial Cell Adhesion
Molecule) on the membrane of these cells, which is often
over-expressed in malignant cells [6-10]. Numerous
studies performed on various types of cancer have shown
a connection between the CTCs level and the development
of the disease in the absence of treatment [11,12]. There
are few thyroid cancer studies that assess these types of
circulating cells or investigate the prognostic value or the
variations of these cells depending on treatment [13,14]. The
majority of these studies determine the CTCs in the patients’
venous blood, through centrifugation, by marking them
with various antibodies, which enables their subsequent
visualization and quantification under a fluorescence
microscopy, a technique also described by Pachmann et al.
in breast cancer [8,9]. Other researchers determine the level
of these cells by quantification of various ARN messenger
molecules (mMRNA) in the bloodstream [15,16].

This review is intended to analyze, from the point of
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view of various research centers, the prognostic value and
the feasibility of CTCs level determination in patients with
thyroid carcinoma, especially in connection to the forms
with a higher risk of metastasis. These studies have just
begun, so there is no consensus and many research teams
wish to further analyze whether the determination of these
cells is relevant in elaborating a treat-to-target strategy.

This study includes pieces in which the CTCs
identification was made by various methods, to assess some
characteristics of thyroid carcinoma or even to diagnose
this disease. The search was conducted online, in the
PubMed database, using the keywords: “circulating tumor
cells in thyroid carcinoma” or “circulating tumor cells
in thyroid cancer,” and produced 158 studies containing
each of these keywords or key phrases. We selected those
studies which determined the level of circulating cells of
thyroid cancer for various purposes. We disregarded the
studies that assessed the circulating cells in other types of
carcinoma as well as those dealing only with other serum
markers, besides the CTCs, in thyroid carcinoma. The
majority of the selected studies referred to differentiated
thyroid carcinoma (DTC), and only one study dealt with
the medullar thyroid carcinoma. Therefore, based on the
inclusion and exclusion criteria, this study comprises 9
studies published from 1999 until 2014, as described in
table I, with some details included along with their main
characteristics.
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Figure 1. Thyroid cancer incidence at the “Ion Chiricuta” Oncology Institute (IOCN), 1970-2014 [1].
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Table 1. Details of included studies.

Authors, country, Number Subject studied Conclusion / Results
year of publication of patients
Ghossein RA et al., USA, N/A* Detection of circulating tumor cells and Utility in melanoma.
1999 [21] micrometastasis with PCR technique Discrepancies in thyroid
carcinoma
Theresia W et al., Germany, 19 Detection of CK20-, GRP-mRNA in CK20-mRNA , GRP-mRNA
2003 [20] circulating tumor cells from medullary useful for diagnosis of
thyroid carcinoma by RT-PCR technique = hematogenic and lymphogenic
dissemintion
Takashi S et al., Japan, 2005 121 Detection of circulating tumor cells CEA-mRNA determination
[19] by RT-PCR for CEA-mRNA with the is useful for distinguishing
purpose to distinguishing follicular follicular carcinoma by
carcinoma by adenoma adenoma. Sp=100%, Se=46%
Su-Ynn C et al., USA, 2006 258 TSHR-mRNA measurement role in the ~ Se=93% in recurrence of thyroid
[4] preoperative diagnosis of thyroid cancer carcinoma, a good alternative to
serumTg
Gupta M, Chia SY, USA, N/A* Circulating thyroid cancer markers TSHR-mRNA count in patients
2007 [22] evaluation with indeterminate FNAB can
improve cancer detection
Tomislav N et al., USA, 2009 510 Determination of circulating cancer cells ~ TSHR-mRNA presence in the
[18] in patients with thyroid microcarcinoma  CTC’s a high susceptibility of
metastasis or aggressiveness
Winkens T et al., Germany, 162 CEC determination helped by EpCAM, CEC’s were found at a high level
2013 [14] as a potential marker of thyroid in patients with DTC than in
malignant cancer dissemination healthy volunteers
Winkens T et al., Germany, 28 RIT influence on the CEC’s number It was observed a low number of
2014 [13] in patients with differentiated thyroid CTC’s after RIT and also a high
carcinoma level of sTg
Sorg S et al., Germany, 2014 5 Determining tissue origin of CEC in 33% of CEC originate from

[17]

patients with thyroid carcinoma by RT-
PCR technique

thyroid tumor

N/A* - not available

Winkens et al. studied circulating epithelial cells
(CEC) in patients with thyroid carcinoma. They compare
blood samples of different groups of patients: one with DTC
before surgery, patients with DTC after surgery, patients with
DTC after radioiodine-therapy (RIT), patients with benign
thyroid disease and healthy volunteers. CEC were found in
all groups, but the highest level of cells was described to be
in patients with DTC post surgery. This can be explained
by the mobilization of the tumor during surgery with
detachment of cells into circulation. Anyway, the number of
circulating cells count was significantly higher in all DTC
groups compared to the healthy group. Within the DTC
group, there was also a correlation between number of CEC
and the serum levels of thyroglobulin (sTg) [14].

One year later, the same team attempted to determine
the RIT (radioactive iodine therapy) impact on the number
of circulating cells in patients with differentiated thyroid
cancer. For this purpose, they enrolled a number of 28
patients suffering from this disease and divided them into 2
groups: 13 patients operated on, who had recurrent benign
tissue and completed the RIT, and 15 patients operated on,
who had recurrent malignant thyroid tissue and completed
the RIT. The number of CECs was evaluated after surgery,

at specific time intervals: basic check, one day before
the first dose of 1-131, 2nd day, 14th day, and 3 months
after administration. The assessment of RIT effectiveness
relied not on the absolute number of CECs, but on their
modifications, in percentages, compared to the base worth
calculated before the treatment, because the number of
these cells may vary from one individual to another. The
researchers found that the CEC levels decreased after
the RIT, simultaneously with the transient increase in the
serum thyroglobulin levels. However, no significant link
was found between the CECs modifications and the clinical
response revealed by scintigraphy, laboratory tests or
morphologic examinations [13].

The two studies previously described showed a
more elevated level of CECs in patients with differentiated
thyroid carcinoma than in healthy subjects, as well as their
decrease after the I-131 treatment. The origin of these
circulating epithelial cells was impossible to determine. It
was not until the end of 2014 that the members of this team
attempted to determine, through the RT-PCR technique, the
original tissue of the discovered circulating cells; 5 patients
were included in the study from which 48 CECs were
collected by identification of some mRNAs at their level:
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Tg, TSHR - TSH receptor, TPO — thyroperoxidase, NIS —
sodium-iodide symporter. It was determined that the cells in
which were detected over-expressions of at least 3 mRNA
types originated from the thyroid, and it was found that the
simultaneous expression of Tg-, TPO-,NIS-mRNA was up
to 1200 times higher in the malignant tissue of the thyroid
compared to the healthy tissue. The researchers singled out
16 out of 48 cells (33%) with this mRNA sequence, 7 of
which came from patients with metastatic thyroid follicular
carcinoma. Although this method may seem feasible, it has
the shortcoming of a small number of enrolled patients [17].

A study conducted by Tomislav et al. assesses the
presence of circulating tumor cells in the blood stream
with the help of TSHR-mRNA, in patients with thyroid
microcarcinoma. After selecting 510 patients for blood
sampling, 37 patients with papillary carcinoma were
singled out to be the subjects of the study. In 59% of the
cases, the TSHR-mRNA was positive. 16% of the 37
patients had preoperative ganglion metastases, while 67%
had positive TSHR-mRNA. Although the study targeted
microcarcinoma patients, it was found that the percentage
of the positivity of this marker, as studied at the level of
circulating cells, was also maintained with tumors larger
than 1 cm. This study concluded that, besides the known
prognostic factors (tumor size, multifocality), the TSHR-
mRNA presence in the circulating tumor cells was
associated with the likelihood of metastasis development
as well as a more aggressive histopathological form [18].

Another study conducted in 2005 in Japan by Takashi
et al. attempted to differentiate the follicular thyroid cancer
from the follicular adenoma by using another marker:
CEA-mRNA (carcinoembryonic antigen - mRNA). It is a
prospective study conducted on 121 patients with thyroid
tumors. Among them, 77 were malignant (61 papillary, 3
follicular version of the papillary, 13 follicular - 9 minimally
invasive follicular carcinomaand4 widely invasive follicular
carcinoma). In the study were also included 7 patients
with thyroiditis and 7 healthy individuals for comparison
purposes. The findings of this study revealed that CEA-
mRNAs were present in the circulating tumor cells only in
patients with follicular thyroid carcinoma, preoperatively
as well as postoperatively. 44% of MIFTC patients and
50% of WIFTC patients had positive postoperative CEA-
mRNA. The research revealed that this method had a
specificity - Sp=100% and a sensitivity - Se=46% for the
diagnosis of follicular thyroid carcinoma. To conclude,
the authors claim that the postoperative CTC detection by
using this marker may often single out malignant follicular
tumors from benign ones, while also having an advantage
in patient selection for surgery [19].

The role of tumor cells in the postoperative diagnosis
of thyroid cancer was also studied by Su-Ynn Chia and
her team; they calculated a 62% Se in the diagnosis of
new TC cases and 93% in diagnosing the recurrences by
using the TSHR-mRNA determination. They conducted the

study on 258 patients, 51 - healthy and 207 - with thyroid
condition, selected between 2002-2005, at Cleveland
Clinic. Venous blood sampling was made before, and 7
days after, the FNB, and 89 patients were sampled right
after surgery. The authors described 88 DTC cases of
which 63 (71%) were TSHR-mRNA positive. The average
value of this marker had the biggest growth in the patients
with recurrent thyroid cancer, followed by the newly
diagnosed DTC, those with benign thyroid condition
and the healthy patients (p<0.001). However, the TSHR-
mRNA level became normal one day post thyroidectomy,
suggesting that positive circulating cells for this marker
have a short lifespan in the bloodstream. This technique,
together with FNB, increases detection of preoperative
cancer in patients with thyroid nodules and reduces the
number of unnecessary surgical operations, while the
level of this marker after surgery may predict recurrence
or metastasis. Regarding the 93% Se, the authors suggest
the determination of TSHR-mRNA in the circulating
cells as being a viable alternative to sTg determination in
managing the DTC recurrences [4].

Regarding the poorly differentiated thyroid
carcinomas, there are even fewer studies on circulating
tumor cells. In the case of more than 40-50% of the
patients with medullar thyroid carcinoma (MTC), the
therapeutic failure is most likely caused by the precocious
dissemination of tumor cells in the lymphatic or the
bloodstream. Theresia et al. conducted a study on 19
MTC patients in which she evaluated with the help
of the RT-PCR technique, the Cytokeratin 20 (CK20)
and Gastrine-Releasing Peptide (GRP) presence rate
in the tumour circulating cells. In a previous study, the
same team noticed an over-expression of CK20 in the
malignant thyroid tissue, especially in the medullar
subtype, which is why the researchers chose to determine
this circulating molecule. They noticed there were no
CK20 molecules in the surgically removed thyroid tissue
of patients with benign tumor, but the GRP was amplified.
In the case of MTC patients, the CK20-mRNA and the
GRP-mRNA were over-expressed at the primary tumor
level. Based on these findings, they tried to determine
the circulating cells leaving from the primary tumor into
the bloodstream or the lymphatic system, by determining
the 2 markers previously mentioned. Looking at the
dissemination of these cells, the authors described an 87%
Se for the detection of CK20 and 93% Se for GRP, while
the Sp of both markers was 100%. Regarding the cells
disseminated into the bloodstream, the detection by CK20
and GRP accounted to 28%. This study assessed the level
of circulating cells in the bone marrow and employed
the same techniques to demonstrate 50% detection.
According to this study published in 2003, the 2 markers
proved useful in detecting tumor cells with lymphatic or
hematogenous dissemination [20].

In 1999 a team led by Ghossein R.A. conducted
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a review about the detection of micrometastases and
circulating tumor cells in diseases such as melanoma,
prostate and thyroid carcinoma. mRNA detection by
RT-PCR technique was that they tried to evaluate it by
including several pathologies. They described studies in
which thyroid markers were positive in the blood of control
subjects. Also there was a variation of the PCR positivity
rates in melanoma and prostate cancer. Even if there were
discrepancies, some authors have demonstrated the utility
of this technique especially in melanoma. In thyroid cancer
the results were unsatisfactory, caused by the small number
of subjects [21].

Another review made by Gupta et al. seeks to assess
circulating markers of thyroid cancer. Likewise they aim to
observe changes of different thyroid-specific mRNA in the
circulating cells of patients with this pathology. Most of the
included studies were focused on determining Tg-mRNA.
Although sTg is an important marker for recurrent or
residual disease, the studies included showed a significant
variability of the Tg-mRNA level, questioning the validity
of this marker. Instead, when studying TSHR-mRNA, a
high sensitivity and specificity in detecting recurrent and
residual disease were found. For patients with indeterminate
FNAB this technique can bring more information and save
unnecessary surgery [22].

Research in malignant pathology started at the
molecular level seems to return the most favorable results
among patients worldwide [23-27]. This is the reason why
many authors focus on the discovery of new molecular
markers that can provide benefits concerning early
diagnosis, or in follow up, and even in discovering new
therapeutic strategies [28-30].

Even if, by its nature, thyroid carcinoma has a good
prognosis, researchers are forced to do a thorough study
in this pathology due to its increasing frequency. The
latest studies of CTCs have become a new and useful tool
of research for the biology of cancer cells and for their
metastatic feature.

Many studies on circulating tumor cells have
been performed, especially in patients with breast cancer,
malignant melanoma and prostate adenocarcinoma;
however, in thyroid carcinoma, these steps are still
incipient [31,32]. This review reflects the concerns and
interests in understanding the processes of metastasis in
thyroid carcinoma, pathology with an increasing incidence
worldwide [33,34]. Studying the behavior of thyroid cancer,
by determining the role of these cells, can bring us benefits
in controlling this pathology post-operatively, in follow-up
and, why not, in the change of the therapeutic strategy for
some histological subtypes. Moreover, our study shows
the usefulness and effectiveness of the technique of CTCs
determination using different molecular markers. The
authors have tried to establish a more precise preoperative
diagnosis, on the one hand, in order to improve the targeted
therapeutic strategies and to avoid unnecessary treatment,

and, on the other hand, to apply optimal and timely treatment
in patients with a high risk of metastasis or of developing
a recurrent disease. For example, if in most European
and American guidelines, in case of minimally invasive
follicular thyroid carcinoma, diagnosed postoperatively,
without other negative prognostic factors, no other
treatment is indicated, a presence in blood of CTCs can
impose a therapy with I-131 for destruction of these cells
and decrease the risk of metastasis by approximately 100%.
On the other hand, in some cases that require postoperative
radioiodine treatment, according to guidelines, and in
blood are not detected circulating tumor cells, the patient
can be followed in time using the values of TG and CTCs,
reducing in this way the side effects of irradiation.

Most of the studies included show a high specificity
and sensitivity as prognostic value of CTC levels in
patients with thyroid carcinoma [35]. In conclusion, taking
into consideration the recent findings [36-40], further
prospective studies with many more patients are necessary,
especially for selected cases with a high risk of premature
metastasis.

The research on new possible prognostic factors
in thyroid cancer may improve, or even change some
recommendations from oncological guidelines, worldwide,
bringing malignant thyroid pathology closer to the “ideal
treatment”.
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