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Objective: To explore the relationship between the preoperative level of circulating tumor cells (CTCs) and lymph node metastasis in
patients with unifocal papillary thyroid microcarcinoma (PTMC) (only one independent lesion, diameter <1 cm), and to clarify the
value of preoperative CTCs detection in assessing the risk of lymph node metastasis in patients with unifocal PTMC.

Methods: Clinical records (age, gender, Hashimoto’s thyroiditis, thyroid function, invaded capsule, clinical stage) of 370 unifocal
PTMC patients were collected retrospectively. The CTCs levels of the patients were measured. The preoperative CTCs positive rate
between patients with and without lymph node metastasis were compared; logistic regression analysis was used to explore whether the
preoperative CTCs positivity is an independent risk factor for lymph node metastasis.

Results: A total of 207 (55.9%) unifocal PTMC patients presented with preoperative positive CTCs (=8.7 FU/3mL), whereas 163
cases (44.1%) were identified as CTCs negative (<8.7 FU/3mL). The patients with lymph node metastasis had higher proportions of
invaded capsule (35.8%% vs 25.2%, p=0.037), and preoperative CTCs positivity (64.2% vs 52.0%, p=0.033) than patients without
lymph node metastasis. Logistic regression analysis shows that preoperative CTCs positivity (odds ratio (OR): 1.654, 95% confidence
interval (CI): 1.040-2.631, p=0.033), and invaded capsule (OR: 1.652, 95% CI: 1.020-2.677, p=0.041) were associated with lymph
node metastasis in patients with unifocal PTMC.

Conclusion: Preoperative CTCs positivity (=8.7 FU/3mL) and invaded capsule are associated with lymph node metastasis in unifocal
PTMC. Preoperative CTCs detection can serve as an important auxiliary indicator for evaluating the lymph node metastasis potential
of patients with unifocal PTMC, thereby providing valuable reference evidence for clinicians to formulate individualized surgical plans
and postoperative follow-up strategies.
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Introduction
Thyroid carcinoma is the most common type of malignant tumor of the thyroid gland."* In recent years, the incidence of
thyroid carcinoma has exhibited a sustained upward trend, emerging as one of the most prevalent malignant tumors of the
endocrine system.>* Papillary thyroid carcinoma (PTC) is the main pathological subtype of thyroid cancer, accounts for
approximately 80% to 90% of all thyroid cancer cases.* ® The overall prognosis of PTC is favorable.” However, distinct
subtypes characterized by unique clinical and pathological features show marked discrepancies in disease progression,
treatment strategy selection, and prognostic evaluation.® Adopting specific diagnostic and prognostic assessment methods
for different subtypes plays a crucial role in clinical diagnosis and treatment.’

Unifocal papillary thyroid microcarcinoma (PTMC) refers to a type of PTC in which there is only one independent
lesion within the thyroid gland with a maximum diameter of < 1 centimeter (cm) and possessing typical pathological
features of papillary carcinoma (such as papillary arrangement of tumor cells, and the cell nuclei show a frosted glass-
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like change).'” In recent years, the incidence of PTMC has been increasing rapidly, with unifocal PTMC accounting for
40-60% of all newly diagnosed thyroid cancer cases.'''? Surgical treatment remains an important approach for the
treatment of unifocal PTMC, and the optimal surgical approach for the primary lesion—either thyroid lobectomy or total
thyroidectomy—requires careful clinical deliberation.'* The scope of cervical lymph node dissection should follow the
principle of individualized treatment. The selection of surgical scope is one of the current clinical decision-making
challenges.'*'> This procedure should be performed only when cervical lymph node metastasis is definitively confirmed
preoperatively or intraoperatively, thereby avoiding complications such as lymphatic leakage, shoulder dysfunction, and
recurrent laryngeal nerve injury that arise from unnecessary extensive dissection.'®

Controversy surrounding optimal surgical strategies is far more pronounced for patients with unifocal PTMC than for
those with multifocal lesions. In particular, no consensus has yet been reached regarding the role of prophylactic lymph
node dissection in this patient population.'”'® The assessment of lymph node metastasis in unifocal PTMC has
significant clinical value, but we still know very little about it at present. Circulating tumor cells (CTCs) refer to tumor-
derived cells that detach from primary or metastatic tumor foci and enter the peripheral blood circulation.'® Their
presence is closely related to the invasion and metastasis process of the tumor and has been proven to be an important
biomarker for the assessment of metastasis risk, therapeutic efficacy monitoring, and prognosis judgment in various solid
tumors.?® %2 In the field of thyroid cancer, some studies have confirmed that CTCs were associated with tumor stage,
lymph node metastasis, and distant metastasis.>>> However, in patients with unifocal PTMC, is there any relationship
between CTC and lymph node metastasis? The purpose of this study is to address this issue, and we hope to provide
valuable reference data for the role of CTC in the risk assessment of lymph node metastasis in unifocal PTMC.

Materials and Methods

Subjects

The subjects of this study were all patients with unifocal PTMC who were admitted to Meizhou People’s Hospital from
June 2021 to April 2023. All patients were diagnosed with unifocal PTMC via postoperative pathological examination
and had complete clinical datasets, including demographic profiles, preoperative test results, surgical records, and
postoperative pathological reports.

Inclusion criteria of patients were as follows: (1) the postoperative pathological diagnosis was clearly a unifocal
PTMC, meaning the tumor diameter was < 1 cm, and the pathological examination confirmed that there was only a single
tumor lesion; (2) all patients underwent surgical treatment; (3) none of the patients had received radioiodine therapy,
chemotherapy, radiotherapy, or other anti-tumor treatments targeting thyroid tumors before the surgery; (4) the clinical
data of the patients were complete, and all the necessary indicators for subsequent research could be obtained, such as
gender, age, tumor size, tumor location, whether it invaded the capsule, and whether it was accompanied by Hashimoto’s
thyroiditis, and so on; and (5) the patients all gave informed consent, voluntarily participated in this study, and signed the
informed consent form.

Exclusion criteria as follows: (1) patients with a pathological diagnosis of multifocal PTMC or other types of thyroid
malignancies; (2) patients with PTC whose tumor diameter is >1 cm; (3) patients who have received anti-tumor
treatments such as radioactive iodine therapy, chemotherapy, or radiotherapy before the surgery; (4) patients whose
clinical data are incomplete and the key indicators required for the study cannot be obtained; (5) patients with other
serious malignant tumors, severe cardiovascular and cerebrovascular diseases, liver and kidney failure, and so on, which
may affect the judgment of the research results; and (6) patients who refuse to participate in this study and have not
signed the informed consent form.

Data Collection

We collected the data of patients who met the inclusion criteria through the hospital’s electronic medical record system,
including: age, gender, preoperative CTCs, Hashimoto’s thyroiditis, thyroid function, maximum lesion diameter, invaded
capsule, clinical stage, and lymph node metastasis. Based on some previous studies, the patients included in this study
were divided into two groups: <55 years old group and >55 years old group.?*” Diagnosis of Hashimoto’s thyroiditis:
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based on the patient’s clinical symptoms (such as goiter, and fatigue), it is necessary to meet the following conditions:
positive thyroid peroxidase antibody (TPOAb) and/or thyroid globulin antibody (TgAb) in thyroid function tests, as well
as typical imaging features such as diffuse hypoechoic and grid-like changes shown by thyroid ultrasound; for those with
negative antibodies, pathological manifestations such as lymphocyte infiltration and eosinophilic changes in follicular
epithelial cells can be identified through fine-needle aspiration cytology to confirm the diagnosis.?®

The diagnostic criteria of thyroid function are as follows:** (1) normal thyroid function: 0.27mIU/L<thyroid
stimulating hormone (TSH)<4.2mlIU/L, 3.1pmol/L<free triiodothyronine (FT3)<6.8pmol/l, 12.0pmol/L<free thyroxine
(FT4)<22.0pmol/L; (2) hyperthyroidism: TSH<0.27mlIU/L; FT4>22pmol/L or FT3>6.8pmol/L; (3) hypothyroidism:
TSH>4.2mlIU/L and FT4<12pmol/L. Hyperthyroidism and hypothyroidism are both regarded as thyroid dysfunction.

Detection of CTCs

The detection of CTCs is carried out using the immunomagnetic bead sorting method (IMB) combined with real-time
quantitative polymerase chain reaction (QPCR), as described in previous studies.**>? The sample for detection is 3 mL of
peripheral venous blood collected from the patient within one week before the operation, placed in an anticoagulant tube
containing ethylenediaminetetraacetic acid (EDTA). The red blood cells and most white blood cells are removed by
negative enrichment method to obtain folate receptor-positive cells. These cells are labeled with specific small molecule
probes, and finally, through polymerase chain reaction (PCR), the oligonucleotides bound to the small molecule probes
are quantitatively amplified and detected. The level of CTCs is calculated based on the Ct value. All detection operations
are strictly carried out in accordance with the name and instructions of the test kit (CytoploRare Kit, Genosaber Biotech,
Shanghai, China) and the laboratory standard operating procedure (SOP). Folate receptor Unit (FU) per 3mL (FU/3mL)
as defined in the manufacturer’s manual, was used to represent the level of FR+CTC in 3 mL of peripheral blood. Based
on the cutoff value specified in the instructions for the CTCs detection kit, a CTCs concentration of >8.7 FU/3mL
(defined as the unit of folate receptor-positive CTCs per 3mL of blood sample) is classified as a positive result, whereas
values below this threshold are regarded as negative.

Statistical Analysis

SPSS statistical software (version 26.0, IBM Inc., USA) was used for data analysis. % test was used to evaluate the
relationship between CTCs levels and clinical features of unifocal PTMC patients. Logistic regression analysis was used
to evaluate the relationship between CTCs and lymph node metastasis in patients with unifocal PTMC adjusting for
confounding factors such as age, gender, Hashimoto’s thyroiditis, thyroid function, invaded capsule, and clinical stage.
Calculate the odds ratio (OR) and its 95% confidence interval (95% CI) for each independent risk factor. An OR value >1
indicates that the factor is a risk factor, while an OR value <1 indicates that the factor is a protective factor p<0.05.

Results

Clinicopathological Features of Patients with Unifocal PTMC

In the 370 patients with unifocal PTMC, 308 cases (83.2%) were aged <55 years and 62 cases (16.8%) were aged >55
years; the cohort comprised 67 males (18.1%) and 303 females (81.9%). Additionally, 86 patients (23.2%) had
Hashimoto’s thyroiditis, 36 (9.7%) presented with abnormal thyroid function, and 106 (28.6%) had capsular invasion.
With respect to T stage, 364 patients (98.4%) were classified as T1-T2 and 6 patients (1.6%) as T3-T4. A total of 207
(55.9%) unifocal PTMC patients presented with preoperative positive CTCs (>8.7 FU/3mL), whereas 163 cases (44.1%)
were identified as CTCs negative (<8.7 FU/3mL) (Table 1).

Comparison of Clinicopathological Features Among Unifocal PTMC Patients with and

without Lymph Node Metastasis
The unifocal PTMC patients with lymph node metastasis had higher proportions of invaded capsule (35.8%% vs 25.2%,
p=0.037), and preoperative CTCs positivity (64.2% vs 52.0%, p=0.033) compared with those without lymph node metastasis.
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By contrast, no statistically significant differences were observed between the two groups in terms of age and gender
distributions, or the proportions of Hashimoto’s thyroiditis, thyroid function abnormalities, and pathological T stage (Table 2).

Comparison of Clinical Features According to Different CTCs Levels in Unifocal PTC

Table | The Clinicopathological Features of Patients with Unifocal

PTMC

Clinicopathological Features

Unifocal PTMC
Patients (n=370)

Age (years old)
<55, n (%)
>55, n (%)
Gender
Male, n (%)
Female, n (%)
Hashimoto’s thyroiditis
No, n (%)
Yes, n (%)
Thyroid function
Normal, n (%)
Abnormal, n (%)
Invaded capsule
No, n (%)
Yes, n (%)
T stage
TI1-T2, n (%)
T3-T4, n (%)

Negative (<8.7 FU/3mL)
Positive (28.7 FU/3mL)
Lymph node metastasis

Preoperative circulating tumor cells (CTCs)

308 (83.2%)
62 (16.8%)

67 (18.1%)
303 (81.9%)

284 (76.8%)
86 (23.2%)

334 (90.3%)
36 (9.7%)

264 (71.4%)
106 (28.6%)

364 (98.4%)
6 (1.6%)

163 (44.1%)
207 (55.9%)

No, n (%)
Yes, n (%)

250 (67.6%)
120 (32.4%)

Abbreviations: PTMC, papillary thyroid microcarcinoma; CTC, circulating tumor cell;

FU, folate receptor unit.

Patients with and without Lymph Node Metastasis, Respectively

Among unifocal PTMC patients without lymph node metastasis, no statistically significant differences were detected
between CTC-negative and CTC-positive subgroups with respect to age, gender, prevalence of Hashimoto’s thyroiditis,

Table 2 Comparison of Clinicopathological Features Among Unifocal PTMC Patients with

and Without Lymph Node Metastasis

Clinicopathological Features

Lymph node Metastasis

No (n=250)

Yes (n=120)

(%)

Age (years old)
<55, n (%)
>55, n (%)

Gender
Male, n (%)

Female, n (%)

206 (82.4%)
44 (17.6%)

41 (16.4%)
209 (83.6%)

102 (85.0%)
18 (15.0%)

26 (21.7%)
94 (78.3%)

0.556 (x*=0.393)

0.249 (x*=1.517)

(Continued)
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Table 2 (Continued).

Clinicopathological Features

Lymph node Metastasis

No (n=250)

Yes (n=120)

(%)

Hashimoto’s thyroiditis
No, n (%)
Yes, n (%)
Thyroid function
Normal, n (%)
Abnormal, n (%)
Invaded capsule
No, n (%)
Yes, n (%)
T stage
TI-T2, n (%)
T3-T4, n (%)

Negative (<8.7 FU/3mL)
Positive (8.7 FU/3mL)

Preoperative circulating tumor cells (CTCs)

190 (76.0%)
60 (24.0%)

224 (89.6%)
26 (10.4%)

187 (74.8%)
63 (25.2%)

247 (98.8%)
3(1.2%)

120 (48.0%)
130 (52.0%)

94 (78.3%)
26 (21.7%)

110 (91.7%)
10 (8.3%)

77 (64.2%)
43 (35.8%)

117 (97.5%)
3(2.5%)

43 (55.8%)
77 (64.2%)

0.694 (*=0.247)

0.580 (x*=0.394)

0.037 (x*=4.485)

0.394 (x*=0.859)

0.033 (x*=4.870)

Abbreviations: PTMC, papillary thyroid microcarcinoma; CTC, circulating tumor cell; FU, folate receptor unit.

capsular invasion status, and pathological T stage. In unifocal PTMC patients with lymph node metastasis, there were no

significant difference of clinical features between patients with negative and positive CTCs (Table 3).

Logistic Regression Analysis of Risk Factors of Lymph Node Metastasis in Unifocal

PTMC

In univariate logistic regression analysis, preoperative CTCs positivity (>8.7 vs <8.7 FU/3mL, odds ratio (OR): 1.653,
95% confidence interval (CI): 1.056-2.587, p=0.028), and invaded capsule (OR: 1.658, 95% CI: 1.036-2.652, p=0.035)
were identified as factors associated with lymph node metastasis among unifocal PTMC. Consistently, multivariate
logistic regression analysis confirmed that preoperative CTCs positivity (=8.7 vs <8.7 FU/3mL, OR: 1.654, 95% CI:
1.040-2.631, p=0.033), and invaded capsule (OR: 1.652, 95% CI: 1.020-2.677, p=0.041) remained independently
associated with lymph node metastasis in this cohort (Table 4).

Table 3 Comparison of Clinical Features According to Different CTCs Levels in Unifocal PTC Patients with and
Without Lymph Node Metastasis, Respectively

Clinicopathological Lymph Node Metastasis
features
No (n=250) Yes (n=120)
CTCs<8.7 CTCs>8.7 P A CTCs<8.7 CTCs>8.7 0o
(n=120) (n=130) (n=43) (n=77)
Age (years old)
<55, n (%) 94 (78.3%) 112 (86.2%) 0.134 38 (88.4%) 64 (83.1%) 0.596
>55, n (%) 26 (21.7%) 18 (13.8%) (*=2.632) 5(11.6%) 13 (16.9%) (*=0.598)
Gender
Male, n (%) 17 (14.2%) 24 (18.5%) 0.396 9(20.9%) 17 (22.1%) 1.000
Female, n (%) 103 (85.8%) 106 (81.5%) (*=0.840) 34 (79.1%) 60 (77.9%) (*=0.021)
Hashimoto’s thyroiditis
No, n (%) 94 (78.3%) 96 (73.8%) 0.460 34 (79.1%) 60 (77.9%) 1.000
Yes, n (%) 26 (21.7%) 34 (26.2%) ((*=0.689) 9(20.9%) 17 (22.1%) (*=0.021)
(Continued)
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Table 3 (Continued).

Clinicopathological Lymph Node Metastasis
features
No (n=250) Yes (n=120)
CTCs<8.7 CTCs>8.7 p A CTCs<8.7 CTCs>8.7 )
(n=120) (n=130) (n=43) (n=77)
Thyroid function
Normal, n (%) 97 (80.8%) 127 (97.7%) <0.001 39 (90.7%) 71 (92.2%) 1.000
Abnormal, n (%) 23 (19.2%) 3(2.3%) (*=19.033) 4(9.3%) 6(7.8%) (*=0.082)
Invaded capsule
No, n (%) 85 (70.8%) 102 (78.5%) 0.190 29 (67.4%) 48 (62.3%) 0.692
Yes, n (%) 35 (29.2%) 28 (21.5%) (*=1.926) 14 (32.6%) 29 (37.7%) (*=0.313)
T stage
TI-T2, n (%) 119 (99.2%) 128 (98.5%) 1.000 42 (97.7%) 75 (97.4%) 1.000
T3-T4, n (%) 1(0.8%) 2(1.5%) ((*=0.262) 1(2.3%) 2(2.6%) ((*=0.008)

Abbreviations: PTMC, papillary thyroid microcarcinoma; CTC, circulating tumor cell; FU, folate receptor unit.

Table 4 Logistic Regression Analysis of Risk Factors of Lymph Node Metastasis in Unifocal PTMC

Variables Univariate Multivariate
OR (95% CI) p values | OR (95% ClI) p values

Preoperative CTCs (28.7 vs <8.7, FU/3mL) | 1.653 (1.056-2.587) | 0.028 1.654 (1.040-2.631) | 0.033
Age (=55 vs >55, years old) 1.210 (0.666-2.200) | 0.531 1.212 (0.659-2.229) | 0.536
Gender (female vs male) 0.709 (0.410-1.227) | 0.219 0.743 (0.423-1.306) | 0.302
Hashimoto’s thyroiditis (yes vs no) 0.876 (0.5207-1.477) | 0.619 0.890 (0.520-1.522) | 0.670
Thyroid function (abnormal vs normal) 0.783 (0.365-1.682) | 0.531 1.000 (0.451-2.216) | 1.000
T stage (T3-T4 vs T1-T2) 2.111 (0.420-10.618) | 0.365 1.615 (0.300-8.691) | 0.577
Invaded capsule (yes vs no) 1.658 (1.036-2.652) 0.035 1.652 (1.020-2.677) | 0.041

Abbreviations: PTMC, papillary thyroid microcarcinoma; CTC, circulating tumor cell; FU, folate receptor unit; OR, odds ratio; Cl,
confidence interval.

Discussion

This study found that a preoperative CTCs positivity was significantly associated with cervical lymph node metastasis in
patients with unifocal PTMC. This result not only provides valuable reference for the preoperative assessment of lymph
node metastasis in unifocal PTMC, but also further reveals the potential mechanism of invasion and metastasis of
unifocal PTMC at the molecular level, and has important clinical implications and scientific value for optimizing the
individualized treatment strategy of unifocal PTMC.

In this study, the unifocal PTMC patients with lymph node metastasis had higher proportion of preoperative CTCs
positivity (64.2%) than patients without lymph node metastasis (52.0%). Moreover, the multivariate logistic regression
analysis showed that the preoperative CTCs positivity was an independent risk factor for lymph node metastasis in
unifocal PTMC (OR: 1.654, 95% CI: 1.040-2.631, p=0.033). This result is highly consistent with the previous research
results in the field of thyroid cancer.**'* Some studies have found that the preoperative level of CTCs was associated
with lymph node metastasis in patients with PTC.>**? The research conducted by Yu et al revealed that in patients with
PTC accompanied by capsule invasion, the preoperative level of CTCs was a risk factor for lymph node metastasis.’
However, another study suggested that the diagnostic efficacy of CTCs in thyroid cancer is limited, and their diagnostic
value still requires further exploration.

Based on the biological mechanism of tumor invasion and metastasis and the results of this study, the association
between CTCs positivity before surgery and lymph node metastasis in unifocal PTMC can be explained from the
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following aspects. Firstly, CTCs represent a molecular marker reflective of tumor invasive potential. The development of
lymph node metastasis in unifocal PTMC entails a series of critical steps, including tumor cell penetration of the thyroid
basement membrane, lymphatic vessel invasion, and subsequent colony formation within regional lymph nodes.>* The
generation of CTCs is a direct manifestation of the invasive nature of tumor cells. PTMC cells with high metastatic
potential can acquire stronger motility and anti-apoptotic ability through the epithelial-mesenchymal transition (EMT)
process, enabling them to leave the primary site and enter the bloodstream.>>~® A preoperative CTCs positivity may not
only be an indication of the tumor’s invasive potential, but may also be related to the molecular driving mechanism of
unifocal PTMC. The changes in gene functions and activation of signaling pathways underlying this process collectively
form the molecular basis for lymph node metastasis.

Secondly, the issue of the temporal correlation between CTCs and lymph node metastasis. The traditional view holds
that the path of tumor metastasis is “primary tumor — lymphatic vessels — lymph nodes — blood circulation”, meaning
that lymph node metastasis occurs before the generation of CTCs.>” However, recent studies have proposed a new
viewpoint that CTCs may exist before lymph node metastasis, that is, some tumor cells directly enter the blood

38,39

circulation from the primary tumor to form CTCs, and can form metastatic foci more easily in the lymph nodes in

the form of “circulating tumor cell clusters” (CTCs clusters).*” CTCs may be the “precursor cells” of lymph node
metastases. The presence of high CTCs levels means that more CTCs are likely to invade the lymphatic system.*'
CTCs positivity indicates the presence of more tumor cells with colonization ability, thereby increasing the risk of lymph
node metastasis. This viewpoint provides a theoretical basis for the early prediction of lymph node metastasis in unifocal
PTMC. The preoperative CTCs positivity can serve as a “pre-metastasis signal”, alerting to potential metastasis risks
before the presence of metastatic foci is detected by imaging or pathology.

The results of this study provided optimized strategies for the preoperative risk stratification management of patients
with unifocal PTMC. Currently, the preoperative risk stratification of unifocal PTMC mainly relies on clinical and
pathological indicators such as tumor size, location, and ultrasound features (such as hypoechoic appearance, irregular
margins), lacking molecular-level assessment indicators.*® The findings of this study suggest that preoperative CTCs
levels can be incorporated into the risk stratification system for unifocal PTMC, and a combined stratification model
integrating “clinicopathological indicators + CTCs” can be established. Specifically, patients with preoperative CTCs
negativity and no other high-risk factors may be categorized as “extremely low-risk”; such individuals are suitable for
active surveillance or thyroid lobectomy as the first-line management strategy, and routine cervical lymph node dissection
is not warranted. Conversely, patients with preoperative CTCs positivity or concurrent high-risk factors may be stratified
as “moderate-risk”. For this subgroup, preoperative cervical contrast-enhanced computed tomography (CT) and ultra-
sound-guided fine-needle aspiration cytology (US-FNAC) should be performed. Intraoperatively, careful exploration of
the central lymph node compartment is recommended, with selective lymph node dissection considered when clinically
indicated. In addition, although CTCs detection has advantages such as real-time monitoring and minimally invasive
sampling in tumor prognosis assessment, due to technical limitations, biological characteristics, and clinical application
conditions, the value of CTC detection in the diagnosis and treatment of thyroid cancer still requires more research to be
confirmed. In clinical practice, CTCs can together with other markers (such as programmed death-ligand 1 (PD-L1),*
AXL level,*® and rosette-like clusters (RLC) of follicular cells*’), provide a comprehensive assessment for the diagnosis
and prognosis of thyroid cancer.

This study has several limitations when exploring the relationship between preoperative CTCs positivity and lymph
node metastasis in patients with unifocal PTMC. Firstly, a primary constraint is the lack of well-accepted detection
methods characterized by both high sensitivity and specificity, as different CTCs detection platforms differ considerably
in terms of these two core performance indicators. With a wide array of CTCs detection technologies at disposal, the
employment of varying methodologies for CTCs separation, enrichment and quantitative analysis is prone to produce
inconsistent data, leading to the likelihood that differential detection techniques could induce variability in the outcomes
of relevant research. The method used in this study to detect the number of folate receptor-positive cells by RT-PCR has
yet to be further evaluated in terms of its detection efficacy. Secondly, as a single-center retrospective study, this study
has selection and information bias, which affects the generalizability of the results. Thirdly, this study used postoperative
pathology as the gold standard for metastasis, as the scope of dissection is not uniform and routine sectioning fails to

International Journal of General Medicine 2026:19 https: 7



Zhong et al

detect small metastatic foci, resulting in inaccurate assessment and lacking comprehensive evaluation and CTCs dynamic
changes, as well as long-term prognosis correlation data. Finally, this study only confirmed the correlation between CTCs
and lymph node metastasis, without excluding reverse causality, lacking intervention evidence and dose-response
relationship analysis, weakening the causal inference ability and clinical application accuracy.

Based on the results and limitations of this study, future research can be conducted in the following three aspects.
First, highly sensitive CTCs detection technologies tailored specifically for unifocal PTMC should be developed, and
combined with techniques such as single-cell sequencing and spatial transcriptomics to analyze the molecular character-
istics and clonal evolution patterns of CTCs, thereby clarifying their causal relationship with lymph node metastasis.
Second, large-scale multicenter, prospective randomized controlled trials are warranted to evaluate the prognostic
impacts of CTCs-driven personalized treatment strategies relative to standard-of-care regimens in the unifocal PTMC
population, which will further corroborate the clinical application value of CTCs detection. Third, investigations should
be conducted into the combined application of CTCs with other biomarkers (eg, circulating tumor DNA (ctDNA), non-
coding RNAs) to develop a multidimensional prediction model, which would further enhance the accuracy of lymph
node metastasis and prognostic assessment in patients with unifocal PTMC.

Conclusions

Preoperative CTCs positivity (>8.7 FU/3mL) and invaded capsule are associated with lymph node metastasis in unifocal
PTMC. Preoperative CTCs detection can serve as an important auxiliary indicator for evaluating the lymph node
metastasis potential of patients with unifocal PTMC, thereby providing valuable reference evidence for clinicians to
formulate individualized surgical plans and postoperative follow-up strategies. It provides new references and evidence
support for the precise diagnosis and treatment of solitary PTMC. In the future, large-sample, multicenter prospective
studies are still needed to further verify the clinical application value of CTCs in predicting lymph node metastasis in
unifocal PTMC and clarify the correlation between CTCs and the long-term prognosis of patients.
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