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Abstract: The elevation for lateral lymph node metastasis (LLNM) plays an important role in therapeutic decision-making for thyroid carcinoma. A reliable forecasting model for LLNM in patients with papillary thyroid micro-carcinoma (PTMC) is needed, using clinicopathological characteristics. A total of 576 PTMC patients with suspicious lateral cervical lymph node (II, III, IV or V region) metastasis and known clinicopathological variables were randomly collected at Shenzhen Second People’s Hospital. Cervical lymph node status of every patient was assessed by ultrasonography (US). The patients in this cohort study underwent thyroidectomy and lateral neck lymph node dissection. Univariate analysis and logistic regression analysis were performed to screen out the predictive variables associated with LLNM, and a nomogram was constructed by integrating clinicopathological features collected in our study. The overall LLNM rate was 23.0% (133/576). After statistical analysis, central lymph node metastasis (CLNM), prelaryngeal lymph node metastasis (PLNM), bilateral lesions, tumor location in thyroid (upper or lower), and gross extrathyroidal extension (ETE) were found to be independent predictive factors for LLNM (P < 0.01). The nomogram built to predict LLNM in PTMC patients passed the calibration step and the area under the receiver operating characteristic curve was 0.967, which showed that the nomogram we used had a good predictive effect. The nomogram constructed in this study has a good predictive value for LLNM, which will help thyroid surgeons to make a more accurate surgical plan for patients with PTMC. A strict preoperative evaluation and total thyroidectomy and lateral neck dissection may be indicated when patients with PTMC have a high score.
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1  Introduction

The detection of thyroid carcinoma has increased with the development of ultrasound (US) scanning, and among thyroid carcinoma cases, papillary thyroid micro-carcinoma (PTMC) accounts for a large proportion. PTMC is defined as papillary thyroid carcinoma (PTC) with a size equal to or less than 1 cm [1]. It is reported that PTMC can make up as much as 50% of newly-diagnosed thyroid carcinomas [2]. Surgery is the main treatment for PTMC, but the necessary extent of neck lymph node dissection remains controversial, especially for patients with lateral lymph node metastasis (LLNM). Large studies have reported that the rate of LLNM can be as high as 40% [3]. Furthermore, a large retrospective analysis confirmed that LLNM is an adverse prognostic factor [4].

Deep cervical lymph nodes have been divided into seven regions in an internationally-recognized system, and are identified by Roman numerals [5]. Among them, areas VI and VII constitute the central region, while the lateral region consists of areas II, III, IV and V. Lymphatic metastasis in area I is not in the scope of this research due to its low metastasis rate (<3%) [6,7].

There is a general consensus that therapeutic lateral neck dissection (LND) is a routine treatment in PTC patients with LLNM, so as to improve the regional control rate [8]. Whether total thyroidectomy (TT) and lateral neck dissection (LND) should be performed in PTMC still remains controversial [9].

The preoperative detection rate of lateral neck lymph nodes is unreliable, making it difficult to determine the scope of the operation. The rates of recurrence and distant metastasis are significantly higher in patients with LLNM than in patients without LLNM [10]. Consequently, the thoroughness of the initial operation is important. Meanwhile, with the expanded scope of surgery, a series of surgical complications might arise. As the scope of the operation expands, scar formation is a problem that cannot be ignored. In addition, it may lead to laryngeal nerve injury (temporary or permanent), hypoparathyroidism (temporary or permanent), or lifelong thyroid hormone replacement therapy as a result of surgery. Furthermore, a report pointed out that PTMC patients are concerned about neck lymph node metastasis and permanent thyroid hormone replacement therapy [11].

Many studies have shown that greater tumor size, central lymph node metastasis, increased numbers of both central lymph node metastasis and extrathyroidal extension (ETE) were predictors for LLNM of papillary thyroid cancer [12]. In this study, we analyzed the details of clinical information of PTMC patients, and screened out the most valuable risk factors related to LLNM. Then we performed further analysis to build a clinical predictive model to calculate the risk of LLNM in PTMC patients, which might help to estimate the necessity of total thyroidectomy and lateral neck LN dissection.

2  Patients and Methods

2.1 Patient Population and Inclusion Criteria

A total of 576 PTMC patients with suspected lymph node metastasis, assessed by US, in the lateral cervical region who underwent thyroidectomy and lateral neck lymph node dissection in Shenzhen Second People’s Hospital between January 2013 and January 2020 were enrolled in this study. Patients who had received previous thyroidectomy treatment were excluded. The data retrieved from a database in our center included patients’ general characteristics, preoperative US findings, and histopathology reports of thyroidectomy and lateral neck dissection specimens.

US examinations were performed by a sonographer with at least 5 years’ experience in thyroid US. The blood flow signal classification was defined according to the following criteria: grade 0: there is no blood flow signal in the mass, Grade 1: there is a small amount of blood flow signal in the mass, or there are 1–2 point or rod blood flow signals, Grade 2: there are 3–4 point blood flow signals in the mass, or there are clearly visible blood vessels passing through, Grade 3: there are more than 5 points of blood flow signals in the mass, or there are more than 2 clear blood vessels in the mass. In addition, if microcalcification is found on US, it will be defined as the presence of microcalcification.

If the patient has positive results of thyroid peroxidase antibody (TPOAb) and thyroglobulin antibody (TGAb) accompanied by typical US manifestations of Hashimoto’s thyroiditis (HT), it will be defined as positive for Hashimoto’s thyroiditis. In our study, a tumor located in the upper part of the entire thyroid gland was defined as upper by US. In contrast, a tumor in the lower part of the entire thyroid gland was defined as lower by US. If a macroscopic invasion of the extracellular membrane was found during surgery, it was defined as gross ETE.

2.2 Inclusion Criteria and Exclusion Criteria

Inclusion criteria: (1) primary PTMC patients confirmed by pathology (with size measured less than 1 cm); (2) adenoidectomy and isthmectomy or total thyroidectomy plus central area and lateral area lymph node dissection (dissection of II–IV or elective dissection of the affected side) were performed; (3) complete preoperative US image data available.

Exclusion criteria: (1) patients underwent a second operation; (2) the postoperative pathology was not PTC or was PTC with a diameter of more than 1 cm; (3) age less than 18 years old; (4) patients with incomplete preoperative US data.

2.3 Statistical Analysis

Statistical analysis was completed using R for Windows (version 3.6.3, https://cran.r-project.org/). The χ2-test was used to determine the significant risk factor differences between LLNM and non-LLNM cases. Multiple logistic regression analysis was modelled to compute the predictive value of variables. The performance of the nomogram was calculated based on discrimination and calibration. The area under the receiver operating characteristic (ROC) curve (AUC) was measured by the discrimination (predictive accuracy). The best cutoff point for the risk of LLNM was checked using the ROC curve. Diagnostic values of ROC curve analysis were presented with accuracy, sensitivity, specificity, positive predictive value, and negative predictive value. Calibration was judged by a calibration curve which shows how closely the nomogram predicted risk correlated with the actual risk. Statistical significance of univariate analysis and multiple logistic regression was set at P < 0.05 and P < 0.01, respectively.

3  Result

3.1 Clinical Characteristics

Among the 576 PTC patients who underwent unilateral LND, 163 were male and 413 were female. The mean size of the primary lesion was 6.41 ± 2.039 mm, while the mean age of our cohort was 39.8 ± 11.234 years. Multifocality and gross ETE were observed in 25.1% (145/576) and 38.0% (219/576) of the patients, respectively. Ultrasonic features of microcalcification and grade 2/3 blood flow were observed in 26.7% (153/576) and 34.9% (201/576) of the patients. Hashimoto’s thyroiditis (HT) was found in 125 patients (21.7%). Bilateral lesions were found in 73 patients (13.2%), while 259 patients had a tumor located in the upper side of the thyroid (45.0%). CLNM had occurred in 335 patients (335/576; 58.1%), while PLNM occurred in 109 patients (109/576; 18.9%). The total rate of LLNM was 23.0% (133/576) (Tab. 1).
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3.2 Univariate Analysis and Multivariate Analysis

Univariate analysis showed that age, multifocality, tumor size, bilateral lesions, lesion location, CLNM, PLNM, gross ETE, blood flow and microcalcification are risk factors for LLNM (P < 0.05, Tab. 2), while multiple logistic regression analysis indicated that CLNM, PLNM, bilateral lesions, location in the thyroid and gross ETE are independent predictive factors for LLNM (P < 0.01, Tab. 3). Further, for nomogram modelling we included CLNM, PLNM, bilateral lesions, lesion location, and gross ETE (Tab. 4).
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3.3 Construction of the Predictive Model

A nomogram was developed using logistic regression. During the build process, we calculated regression coefficients for each variable and created a scale ranging from 0 to 100 for each predictive variable to be assigned to it in the nomogram (Fig. 1). The risk of LLNM was calculated for each patient according to the predictive model in the form of a nomogram. For example, the risk of LLNM in a patient with CLNM (+50 points) and PLNM (+100 points) and has a tumor located on the left (+0 points) upper side (+45 points) of the thyroid with gross ETE (+40 points, total points = 235) is over 90%. The optimal cutoff point was determined to be 0.036 using the ROC curve. At this cutoff point, the sensitivity and the specificity were 0.888 and 1.000, respectively. The AUC turned out to be 0.967 (Fig. 2).
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Figure 1: The nomogram scale

A nomogram for predicting the probability of LLNM. To use the nomogram, the patient variable is located on each axis. Then, a vertical line is drawn to read the point on the axis and obtain the arithmetic sum of the points for all variables. This cumulative score is then located on the total point line to assess the individual probability of LLNM.
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Figure 2: The ACU curve analysis

The optimal cutoff point was determined as 0.036. At this cutoff point, the sensitivity and the specificity were calculated as 0.888, and 1.000, respectively. The AUC was found to be 0.967.

In the verification, we found that the curve was close to the 45° line, and the calibration plot for predicting LLNM risk was in good agreement with the predicted and observed probabilities of LLNM (Fig. 3).
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Figure 3: The calibration plot analysis

Calibration plot (curve): closer distance to the 45° straight line indicates a higher accuracy of the nomogram. B = 1000 repetitions, boot; Mean absolute error = 0.02, n = 576.

4  Discussion

The incidence of PTMC is increasing. Some scholars have applied the nomogram to the prediction of central lymph node metastasis and level V lymph node metastasis in PTC, and research by Wang et al. [13–15] successfully predicted the skip metastasis in papillary thyroid cancer using a nomogram, which had obtained reliable prediction data and verified the feasibility of this method. Therefore, we applied this method to the prediction of LLNM in PTMC, and achieved a relatively good predictive effect.

Studies have shown that PTMC share the same metastatic lateral Lymph node spread pattern with PTC [16]. A small size does not guarantee a lower metastasis rate. Our analysis showed that CLNM, PLNM, bilateral lesions, location in the thyroid (upper or lower), and gross ETE were independent predictive factors for LLNM, which were consistent with previous studies [17–19]. The advantage of this study is that we were able to build a risk predictive model for LLNM in PTMC patients using clinical indicators, and to form a quantifiable nomogram rating scale. In our verification, the prediction sensitivity was 0.888, and the prediction specificity was 1.000, which showed a reliable prediction effect and a great value for application and research.

Generally speaking, excision of the thyroid gland and the isthmus gland on the affected side plus central area lymph node dissection are widely accepted. However, whether this excision range is sufficient for patients with LLNM is controversial. The predictive model we created in our study provides a better prediction of the risk of LLNM in PTMC, which is helpful for enabling clinicians to make better surgical decisions.

More critically, better evaluation of the risk of LLNM will help surgeons decide on the suitable scope of PTMC surgery. If the risk of LLNM is high according to the model evaluation, imaging examination may be needed to further evaluate the situation, and total thyroidectomy and the dissection of lymph nodes in the lateral neck area should be considered; in contrast, for those who are at low risk of LLNM, exemption from total thyroidectomy and lateral lymph node dissection ought to be considered, which has favorable clinical practicability.

However, our research still leaves much to be explored. Our results may be limited by the sample size, so it is necessary to further expand the sample size for validation. Besides, we defined LLNM as lymph node metastasis which occurred in one or more areas of the lateral neck (II, III, IV or V), which may lead to bias of the predictive result.

Studies done by Tongtong Liu and his colleagues had explored a radiomics model to assessing the risk of papillary thyroid carcinoma metastasis using US and CT images, making artificial intelligence technology possible in evaluating metastasis of PTMC [20–21]. Noninvasive imaging intelligent assessment may greatly improve diagnostic efficiency and accuracy. In future research, it will be necessary to divide the LLNM into different subgroups and adding more features such as data of CT images into account, so as to improve the accuracy of our predictive model.

5  Conclusions

The nomogram presented herein helps surgeons to establish more precise surgical procedures for thyroidectomy and neck lymph node dissection for PTMC patients. In our study cohort, this predictive model has a good discrimination (AUC of 0.967) and accurate calibration, which helps patients with PTMC get the most out of treatment with the least trauma.

This predictive model will help us to identify PTMC patients who need total thyroidectomy and lateral neck lymph node dissection.
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Table 1: Clinical features of all 576 PTMC patients

Characteristic Number of patients (%) Characteristic Number of patients (%)
Gender Lesion location

Male 163 (28.3) Upper 259 (45.0)
Female 413 (71.7) Lower 317 (55.0)
Age Tumor size

Median (years) 39.8 £11.234 Median (mm) 6.41 +£2.039
<55 years 495 (85.9) <7 mm 310 (53.8)
>55 years 81 (15.1) >7 mm 266 (46.2)
Multifocality Gross ETE

Unifocal 431 (72.8) Absent 357 (62.0)
Multifocal 145 (25.2) Present 219 (38.0)
CLNM PLNM

Absent 241 (41.8) Absent 467 (81.1)
Present 335 (58.2) Present 109 (18.9)
Bilateral lesions Microcalcification

Absent 500 (86.8) Absent 423 (73.4)
Present 76 (13.2) Present 153 (26.7)
HT Blood flow

Absent 451 (78.3) Grade0/1 375 (65.1)
Present 125 (21.7) Grade2/3 201 (34.9)

Note: CLNM: central lymph node metastasis; PLNM: prelaryngeal lymph node metastasis; Gross ETE: gross extrathyroidal extension; HT:
Hashimoto thyroiditis.
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Table 3: Multivariate logistic regression analysis for predicting LLNM

Estimate Std. Error z value Pr(>|z])

(Intercept) —3.854783012 0.608262852 —6.337363856 2.3373E-10
Gender 0.390846517 0.331590955 1.178700777 0.238517346
Age 0.299346018 0.47787027 0.62641691 0.531041521
Multifocality 0.065726414 0.402878875 0.163141873 0.870406731
Tumor size 0.383121464 0.3501115 1.094284144 0.273830377
CLNM 1.426311696 0.49347716 2.89032971 0.00384838
PLNM 3.264325607 0.372214142 8.770020365 1.786E-18
Bilateral lesions 1.589365809 0.49172784 3.232206272 0.001228384
Lesion location —1.397253872 0.31834317 —4.38914356 1.13798E-05
HT 0.061460954 0.375494062 0.163680228 0.869982883
Gross ETE 1.296195738 0.322240633 4.022446595 5.75967E-05
Blood flow —0.656078071 0.326994598 —2.006388103 0.044814857
Microcalcification 0.229841505 0.312719565 0.734976414 0.462353859

Note: CLNM: central lymph node metastasis; PLNM: prelaryngeal lymph node metastasis; Gross ETE: gross extrathyroidal extension; HT:

Hashimoto thyroiditis.
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Table 4: Multivariate analysis for modeling

Estimate Std. Error z value Pr(>|z])
(Intercept) —3.432343885 0.391451469 —8.768248834 1.8147E-18
CLNM 1.592228108 0.450037034 3.537993519 0.00040318
PLNM 3.126188211 0.349860298 8.935532914 4.052E-19
Bilateral lesions 1.485150391 0.367093365 4.045702078 5.21665E-05
Lesion location —1.395583426 0.309326964 —4.511677254 6.4317E-06
Gross ETE 1.262034273 0.315258155 4.003177249 6.24974E-05

Note: CLNM: central lymph node metastasis; PLNM: prelaryngeal lymph node metastasis; Gross ETE: gross extrathyroidal extension.
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Table 2: Univariate analyses of clinical factors associated with LLNM (n = 576)

Variables Total, n LLNM absent, n (%) LLNM present, n (%) p value
Gender

Male 163 124 (76.1) 39 (23.9) 0.85
Female 413 319 (77.2) 94 (22.8)

Age

<55 years 499 376 (75.4) 123 (24.6) 0.23
>55 years 77 67 (87.0) 10 (13.0)

Multifocality

Unifocal 431 363 (84.2) 68 (15.8) <0.01
Multifocal 145 80 (55.2) 65 (44.8)

Tumor size

<7 mm 310 276 (89.0) 34 (11.0) <0.01
>7 mm 266 167 (62.8) 99 (37.2)

Bilateral lesions

Unilateral 500 411 (82.2) 89 (17.8) <0.01
Bilateral 76 32 (42.1) 44 (57.9)

Lesion location

Upper 259 182 (70.3) 77 (29.7) <0.01
Lower 317 261 (82.3) 56 (17.7)

CLNM

Absent 241 233 (96.7) 8(3.3) <0.01
Present 335 210 (62.7) 125 (37.3)

PLNM

Absent 467 421 (90.1) 46 (9.9) <0.01
Present 109 22 (20.2) 87 (79.8)

HT

Absent 451 347 (76.9) 104 (23.1) 1.0
Present 125 96 (76.8) 29 (23.2)

Gross ETE

Absent 357 315 (88.2) 42 (11.8) <0.01
Present 219 128 (58.4) 91 (41.6)

Blood flow

Grade0/1 375 305 (81.3) 70 (18.7) <0.01
Grade2/3 201 138 (68.7) 63 (31.3)

Microcalcification

Absent 423 339 (80.1) 84 (19.9) <0.01
Present 153 104 (68.0) 49 (32.0)

Note: CLNM: central lymph node metastasis; PLNM: prelaryngeal lymph node metastasis; Gross ETE: gross extrathyroidal extension; HT:
Hashimoto thyroiditis.
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