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Abstract

BACKGROUND

Lymph node metastasis (LNM) of papillary thyroid carcinoma (PTC) has a certain
regularity and occurs first to the central lymph node and then to the lateral lymph
node. The pathway of PTC LNM can guide surgical prophylactic lymph node
dissection (LND) for clinical surgeons.

AIM
To investigate the relationship between subgroups of central LNM and lateral
LNM in unilateral clinically node-negative PTC (cNO-PTC).

METHODS

Data were collected for 1089 PTC patients who underwent surgical treatment at
the Department of Endocrine and Breast Surgery of the First Hospital of
Chonggqing Medical University from January 2016 to December 2017. A total of
388 unilateral cNO-PTC patients met the inclusion criteria and were enrolled in
this study. The clinical and pathological data for these 388 patients who
underwent total thyroidectomy + central LND + lateral LND were retrospectively
analyzed. The relationship between the central LNM and lateral LNM subgroups
was investigated.

RESULTS

The coincidence rate of cNO-PTC was only 30.0%.Optimal scaling regression
analysis showed that sex (57.1% vs 42.9%, P = 0.026), primary tumor size (68.8% vs
31.2%, P = 0.008), tumor location (59.7% vs 40.3%, P = 0.007), extrathyroid
extension (ETE) (50.6% vs 49.9%, P = 0.046), and prelaryngeal LNM (57.1% vs
42.9%, P = 0.004) were significantly associated with ipsilateral level-II LNM. Their
importance levels were 0.122, 0.213, 0.172, 0.110, and 0.227, respectively. Primary
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tumor size (74.6% wvs 30.2%, P = 0.016), pretracheal LNM (67.5% vs 32.5%, P < 0.001), and
paratracheal LNM (71.4% vs 28.6%, P < 0.001) were significantly associated with ipsilateral level-III
LNM. Their importance levels were 0.120, 0.408, and 0.351, respectively. Primary tumor size
(72.1% vs 27.9%, P = 0.003), ETE (70.4% vs 29.6%, P = 0.016), pretracheal LNM (68.3% vs 31.7%, P
=0.001), and paratracheal LNM (80.8% vs 19.2%, P < 0.001) were significantly associated with
ipsilateral level-IV LNM. Their importance levels were 0.164, 0.146, 0.216, and 0.472, respectively.

CONCLUSION

The LNM pathway of thyroid cancer has a certain regularity. For unilateral cNO-PTC patients with
a tumor diameter > 2 cm and pretracheal or ipsilateral paratracheal LNM, LND at ipsilateral level
III and level IV must be considered. When there is a tumor in the upper third of the thyroid with
prelaryngeal LNM, LND at level II, level III and level IV must be considered.

Key Words: Papillary thyroid carcinoma; Lymph node metastasis; Clinically node-negative; Prophylactic
lymph node dissection; Prelaryngeal

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Lymph node metastasis (LNM) of papillary thyroid carcinoma (PTC) has a certain regularity.
The pathway of PTC LNM can guide selective lymph node dissection (LND) for clinical surgeons, thereby
overcoming the drawbacks of prophylactic LND; accurate surgery can be used to not only radically dissect
lymph nodes but also reduce the incidence of complications. The results of our retrospective study found
that the LNM pathway of PTC has a certain regularity. Prelaryngeal LNM is a predictor of ipsilateral
level-II LNM. Pretracheal and ipsilateral paratracheal LNM are predictors of ipsilateral level-III and level-
IV LNM. Therefore, for unilateral cNO-PTC patients with a tumor diameter > 2 cm and pretracheal or
ipsilateral paratracheal LNM, LND at ipsilateral level III and level IV must be considered. When there is a
tumor in the upper third of the thyroid with prelaryngeal LNM, LND at level II, level III and level IV must
be considered.

Citation: Zhou J, Li DX, Gao H, Su XL. Relationship between subgroups of central and lateral lymph node
metastasis in clinically node-negative papillary thyroid carcinoma. World J Clin Cases 2022; 10(12): 3709-3719
URL: https://www.wjgnet.com/2307-8960/full/v10/i12/3709.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i12.3709

INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common pathological type of thyroid malignant tumor,
and its incidence is increasing every year[1-3]. Most patients with PTC have a good prognosis, but
cervical lymph node metastasis (LNM) may still occur in the early stage[4]. The LNM rate of PTC has
been reported to be 20%-90%, which may be related to the different stages of the disease, occult LNM
and different lymph node dissections (LNDs) in the first operation[4-7]. At present, many scholars
recommend cervical LND for PTC with clinically involved neck nodes (cN1-PTC), but there is great
controversy about clinically node-negative PTC (cNO-PTC) LND, and most scholars favor central LND
(CLND) on at least one side[8,9]. Studies have reported a high rate of occult LNM in cNO-PTC patients
for whom prophylactic lateral LND (LLND) is not recommended. This occurs in the central area and the
lateral area mainly due to the low accuracy of the preoperative diagnosis of cNO tumors[10,11]. A study
by Kim et al[12] showed that the accuracy of ultrasonography in the diagnosis of lateral LNM (LLNM)
of PTC was 51% and that the accuracy of computed tomography was 62%[13,14]. Intraoperative freezing
is helpful for the diagnosis of LNM in the central area of cNO-PTC and changes the surgical method of
total thyroidectomy in many ¢NO-PTC patients[15,16]. Previous studies have suggested that central
LNM (CLNM) has a predictive effect on cervical LLNM, which is helpful to guide LLND[9,11,17], but
the relationship between the subgroup of CLNM and ipsilateral LLNM is not yet clear. The purpose of
this research was to analyze the relationship between LNM in subgroups of central and ipsilateral
lateral areas in unilateral cNO-PTC and to provide a basis for prophylactic LLND.
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MATERIALS AND METHODS

Data were collected for 1089 PTC patients who underwent surgical treatment at the Department of
Endocrine and Breast Surgery of the First Hospital of Chongqing Medical University. The criteria for
inclusion were as follows: (1) Having complete medical records that fully provided the clinical and
pathological features of the patient; (2) Meeting the cNO criteria based on the clinical diagnostic criteria
of cervical lymph nodes proposed by Kouvaraki et al[18] , which are that the clinical examination did
not touch the enlarged lymph nodes or that the maximum diameter of the enlarged lymph nodes was <
2 cm and that the enlarged lymph nodes were texturally soft; and the imaging examination showed no
enlarged lymph nodes or enlarged lymph nodes with a maximum diameter < 1 cm or enlarged lymph
nodes with a maximum diameter of 1-2 cm but an aspect ratio > 2 and having a regular shape, clear
boundary of dermis and medulla, no fine calcification of sand particles, central liquefaction necrosis,
peripheral enhancement and disappearance of adjacent fat space; (3) The operations were performed by
the same operator using the method of total thyroidectomy + CLND + LLND; (4) The tumor was
confined to one side of the glandular lobe; and (5) The resected lymph nodes of the patients with PTC
confirmed by postoperative pathological examination were strictly zoned and examined, and the
pathological examination report data were complete (Figure 1).

The lymph node zoning criteria were as follows. As recommended by the American Academy of
Otolaryngology-Head and Neck Surgery Foundation in 1991, cervical lymph nodes were divided into 6
levels: Level I, submandibular area and submental area; Level II, superior jugular vein lymphatic chain
group; Level III, middle jugular vein lymphatic chain group; Level IV, inferior jugular vein lymphatic
chain group; level V, posterior trigonometric area; and Level VI, anterior jugular area. In 2002, the
American Joint Committee on Cancer updated the zoning by adding the anterior superior mediastinal
lymph nodes as level VII. In clinical work, central lymph nodes are classified as level VI, and lateral
lymph nodes of the neck are classified as levels II-V[19]. Central lymph nodes (level VI) are divided into
four subgroups, namely, prelaryngeal, pretracheal, ipsilateral paratracheal and contralateral
paratracheal, as recommended by the American Academy of Otolaryngology-Head and Neck Surgery
Foundation in 2009[20]. The range of prelaryngeal LND is the area below the hyoid bone and above the
cricoid cartilage, that of pretracheal LND is the tracheal surface up to the thyroid gland and down to the
innominate artery, and that of paratracheal LND is the area from the internal carotid artery to the
paratracheal area.

Regarding neck LND, all of the patients with unilateral cNO-PTC were first treated with unilateral
lobectomy plus ipsilateral CLND. The specimens of the central lymph node subgroups of the affected
side were strictly divided and frozen during the operation. All the specimens were diagnosed by two
pathologists with more than 10 years of work experience, with each lymph node reported separately by
area. If intraoperative freezing indicated CLNM and the tumor was located in the upper part of the
thyroid gland, then ipsilateral LLND was performed (levels II, IIT and IV).

Grouping was performed based on whether there was LNM in the central area and its subgroups of
the affected side according to the pathological results, e.g., the central area (+) and (-) of the affected
side. The other subgroups were categorized in the same way.

Statistical analysis

SPSS 22.0 software was used for the statistical analysis. In the univariate analysis, the measurement data
were analyzed by an independent sample ¢ test, and the count data were analyzed by the chi-square test
(Pearson correlation analysis) with a test level of P < 0.05. Variables with statistical significance in the
univariate analysis were subjected to optimal scaling regression analysis.

RESULTS

Of 1089 PTC patients, 388 unilateral cNO-PTC patients were enrolled in this study; 653 were evaluated
as cNO before the operation, 193 were pathologically confirmed to be cNO, and 460 had pathologically
involved neck nodes (pN1) after the operation. The rate of meeting the cNO criterion was 30.0%
Figure 1).
( %he feznale to male ratio of the 388 unilateral cNO-PTC patients enrolled in this study was 2.22:1; the
average age of the patients was 43.5 + 13.6 years old. The mean tumor size was 14.2 + 8.9 mm.
Hashimoto’s thyroid (HT) was present in 80 patients (20.6%), tumors involving the superior aspect of
the thyroid lobe were present in 102 patients (26.3%), extrathyroid extension (ETE) was present in 136
patients (35.1%), and multiple lesions were present in 48 patients (12.4%). The metastasis rate of LLNM
was 46.6% in the 388 patients with unilateral cNO-PTC. The LNM rate was 19.8% for level I, 32.5% for
level Il and 26.8% for level IV lymph nodes of the affected side in patients with unilateral cNO-PTC. The
LNM rate was 24.5% in prelaryngeal LNM, 48.7% in pretracheal LNM and 57.0% in ipsilateral
paratracheal LNM of the affected side in patients with unilateral cNO-PTC (Table 1).

A total of 181 patients (46.6%) had ipsilateral LLNM, and the univariate analysis showed that there
was statistical significance in the sex (P = 0.048), primary tumor size (P < 0.001), tumor location (P =
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Table 1 Clinicopathological characteristics and univariate analysis of lymph node metastasis in ipsilateral level-Il, level-lll, level-IV and lateral lymph nodes

Lateral lymph node metastasis Ipsilateral lymph node metastasis level Il Ipsilateral lymph node metastasis level lll Ipsilateral lymph node metastasis level IV
Clinicopathological factor Positive, n=  Negative, n= Positive, n=  Negative, n = Positive, n=  Negative, n= Positive, n=  Negative, n =
181 207 P value 77 N P value 126 262 P value 104 284 P value

Age (y1) <55 147 (81.2) 169 (81.6) 0.914 59 (76.6) 257 (82.6) 0.224 101 (80.2) 215 (82.1) 0.652 87 (87.3) 229 (80.6) 0.498
255 34 (18.8) 38 (18.4) 18 (23.4) 54 (17.4) 25 (19.8) 47 (17.9) 17 (16.3) 55 (19.4)

Sex Female 118 (65.2) 154 (74.4) 0.048 44 (57.1) 228 (73.3) 0.006 85 (67.5) 187 (71.4) 0.430 70 (67.3) 202 (71.1) 0.467
Male 63 (34.8) 53 (25.6) 33 (42.9) 83 (26.7) 41 (32.5) 75 (28.6) 34 (32.7) 82 (28.9)

Primary tumor size >2cm 44 (24.3) 21 (10.1) <0.001 24 (312) 41 (13.2) <0.001  32(254) 33 (12.6) 0.002 29 (27.9) 36 (12.7) <0.001
<2cm 137 (75.7) 186 (89.9) 53 (68.8) 270 (86.8) 94 (74.6) 229 (87.4) 75 (72.1) 248 (873)

Tumor location uP 57 (31.5) 45 (21.7) 0.029 31 (40.3) 71 (22.8) 0.002 38 (30.2) 64 (24.4) 0.230 28 (26.9) 74 (26.1) 0.864
Non-UP 124 (68.5) 162 (78.3) 46 (59.7) 240 (77.2) 88 (69.8) 198 (75.6) 76 (73.1) 210 (73.9)

Multifocality Yes 27 (14.9) 21 (10.1) 0.154 15 (19.5) 33 (10.6) 0.034 19 (15.1) 29 (11.1) 0.261 17 (16.3) 31 (10.9) 0.150
No 154 (85.1) 186 (89.9) 62 (80.5) 278 (89.4) 107 (84.9) 233 (88.91) 87 (83.7) 253 (89.1)

ETE Yes 78 (43.1) 58 (28.0) 0.002 38 (49.4) 98 (31.5) 0.003 54 (42.9) 82 (31.3) 0.025 52 (50.01) 84 (29.6) <0.001
No 103 (56.9) 149 (72.0) 39 (50.6) 213 (68.5) 72 (57.1) 180 (68.7) 52 (50.0) 200 (70.4)

HT Yes 36 (19.9) 44 (21.3) 0.740 11 (14.3) 69 (22.2) 0.125 28 (22.2) 52 (19.8) 0.344 21(20.2) 59 (20.8) 0.900
No 145 (80.1) 163 (78.7) 66 (85.7) 242 (77.8) 88 (77.8) 210 (80.2) 83 (79.8) 225 (79.2)

CLNM 0 17 (9.4) 86 (41.5) <0.001 10 (13.0) 93 (29.9) <0.001 14 (11.1) 89 (34.0) <0.001  6(5.8) 97 (34.2) <0.001
1-2 45 (24.9) 65 (31.4) 18 (23.4) 92 (29.6) 30 (23.8) 80 (30.5) 22 (21.2) 88 (31.0)
>3 119 (65.7) 56 (27.1) 49 (63.6) 126 (40.5) 82 (65.1) 93 (35.5) 76 (73.1) 99 (34.9)

Prelaryngeal LNM 0 113 (62.4) 180 (87.0) <0.001 44 (57.1) 249 (80.1) <0.001  82(65.1) 21 (80.5) 0.001 66 (63.5) 37 (79.9) <0.001
1-2 62 (34.3) 25 (12.1) 29 (37.7) 58 (18.6) 38 (30.2) 49 (18.7) 36 (34.6) 51 (18.0)
>3 6 (3.30) 2 (1.00) 4(5.2) 4(1.3) 6 (4.8) 2(0.8) 2(1.9) 6(2.1)

Pretracheal LNM 0 65 (35.9) 134 (64.7) <0.001 32 (416) 167 (53.7) 0.121 41 (32.5) 158 (60.3) <0.001 33 (317) 166 (58.5) 0.002
1-2 60 (29.0) 74 (40.9) 30 (39.0) 104 (33.4) 51 (40.5) 83 (31.7) 47 (45.2) 87 (30.6)
23 42 (23.2) 13 (6.3) 15 (19.5) 40 (12.9) 34 (27.0) 21 (8.0) 24 (23.1) 31 (10.9)

Ipsilateral paratracheal 0 46 (25.4) 121 (58.5) <0.001 20 (26.0) 147 (47.3) <0.001 36 (28.6) 131 (50.0) <0.001  20(19.2) 147 (51.8) <0.001
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64 (30.9) 26 (33.8) 111 (35.7) 42 (333) 95 (36.3) 45 (43.3)

22 (10.6) 31 (403) 53 (17.0) 48 (38.1) 36 (13.7) 39 (37.5)

92 (32.4)

45 (15.8)

HT: Hashimoto’s thyroid; PTC: Papillary carcinoma; ETE: Extrathyroid extension; CLNM: Central lymph node metastasis; LNM: Lymph node metastasis; UP: Tumors located in the upper lobe of the thyroid gland; Non-UP: Tumors

located in the middle lobe, lower lobe, isthmus and whole.

JRaishideng®
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0.029), ETE (P = 0.002), CLNM (P < 0.001), prelaryngeal LNM (P < 0.001), pretracheal LNM (P < 0.001),
and paratracheal LNM (P < 0.001). Optimal scaling regression analysis showed that the regression
models were statistically significant (adjusted R-squared = 0.223, F = 13.317, P < 0.001). Primary tumor
size, tumor location, prelaryngeal LNM, pretracheal LNM, and paratracheal LNM were significantly
associated with ipsilateral LLNM. Their importance levels were 0.104, 0.055, 0.168, 0.260 and 0.362,
respectively. The total importance levels of prelaryngeal LNM, pretracheal LNM, and paratracheal LNM
was 0.790 (Table 2).

A total of 77 patients (26.8%) had level-Il LNM, and a univariate analysis showed that there was
statistical significance in the sex (P = 0.006), primary tumor size (P = 0.002), tumor location (P = 0.002),
ETE (P = 0.034) multifocality (P = 0.003), prelaryngeal LNM (P < 0.001), and paratracheal LNM (P <
0.001). Optimal scaling regression analysis showed that the regression models were statistically
significant (adjusted R-squared = 0.119, F = 7.563, P < 0.001). Sex, primary tumor size, tumor location,
ETE, and prelaryngeal LNM were significantly associated with ipsilateral level-Il LNM. Their
importance levels were 0.122, 0.213, 0.172, 0.110 and 0.227, respectively (Table 3).

A total of 126 patients (32.5%) had level-IIIl LNM, and a univariate analysis showed that there was
statistical significance in the primary tumor size (P = 0.002), ETE (P = 0.025), CLNM (P < 0.001),
prelaryngeal LNM (P < 0.001), pretracheal LNM (P < 0.001), and paratracheal LNM (P < 0.001). Optimal
scaling regression analysis showed that the regression models were statistically significant (adjusted R-
squared = 0.144, F = 9.108, P < 0.001). Primary tumor size, pretracheal LNM, and paratracheal LNM
were significantly associated with ipsilateral level-IIl LNM. Their importance levels were 0.120, 0.408
and 0.351, respectively. The total importance level of pretracheal LNM and paratracheal LNM was 0.759

Table 4).

( A tot;l of 104 patients (32.5%) had level- IV LNM, and a univariate analysis showed that there was
statistical significance in the primary tumor size (P < 0.001) , ETE (P = 0.002), CLNM (P < 0.001),
prelaryngeal LNM (P < 0.001), and pretracheal LNM (P < 0.001), and paratracheal LNM (P < 0.001).
Optimal scaling regression analysis showed that the regression models were statistically significant
(adjusted R-squared = 0.150, F =10.773, P < 0.001). Primary tumor size, ETE, pretracheal LNM, and
paratracheal LNM were significantly associated with ipsilateral level-IV LNM. Their importance levels
were 0.164, 0.146, 0.216 and 0.472, respectively. The total importance level of pretracheal LNM and
paratracheal LNM was 0.688 (Table 5).

DISCUSSION
To date, whether LND should be performed in cNO-PTC patients is still controversial[10]. Most scholars
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Table 2 Optimal scale regression analysis of lateral lymph node metastasis

) . Tolerance
Variable Beta es::::iardlzed coefficient std. Df F Sig  After Before Importance
transformation transformation
Sex 0.007 0.028 1 0058 0809 0911 0.911 0.003
Primary tumor size 0132 0.045 1 8477 0.004 0.958 0.956 0.104
Tumor location 0.119 0.044 1 7449 0.007 0974 0.975 0.055
ETE 0.076 0.043 1 3153 0.077 0.959 0.959 0.049
Prelaryngeal LNM 0.142 0.049 1 8338 0.004 0879 0.871 0.168
Pretracheal LNM 0.197 0.051 1 14773 0.000 0.836 0.831 0.260
Ipsilateral paratracheal 0.239 0.049 1 23330 0.000 0.794 0.798 0.382

LNM

PTC: Papillary carcinoma; ETE: Extrathyroid extension; LNM: Lymph node metastasis.

Table 3 Optimal scale regression analysis of ipsilateral level-ll lymph node metastasis

) - Tolerance
Variable Beta ::::rdardlzed coefficient std. Df F  Sig After Before Importance
transformation transformation
Sex 0.119 0.053 1 5029 0.026 0913 0.913 0.122
Primary tumor size 0.153 0.058 1 7033 0.008 0.954 0.954 0.213
Tumor location 0.150 0.055 1 7298 0.007 0.984 0.984 0.172
Multifocality 0.048 0.042 1 1321 0251 0.963 0.963 0.038
ETE 0.101 0.051 1 4005 0.046 0.964 0.964 0.110
Prelaryngeal LNM 0.142 0.060 1 5668 0.004 0.907 0.906 0.227
Ipsilateral paratracheal 0.239 0.047 1 3319 0.069 0.859 0.859 0.119

LNM

ETE: Extrathyroid extension; LNM: Lymph node metastasis.

Table 4 Optimal scale regression analysis of ipsilateral level-lll lymph node metastasis

) . Tolerance
Variable Beta es::::iardlzed coefficient std. Df F Sig  After Before Importance
transformation transformation
Primary tumor size 0.121 0.050 1 5833 0016 0.968 0.961 0.120
ETE 0.051 0.042 1 1528 0217 0.965 0.963 0.036
Prelaryngeal LNM 0.079 0.049 1 2569 0.078 0935 0.876 0.084
Pretracheal LNM 0.216 0.054 1 16140 0.000 0.874 0.849 0.408
Ipsilateral paratracheal 0.200 0.056 1 12.686 0.000 0.905 0.836 0.351

LNM

ETE: Extrathyroid extension; LNM: Lymph node metastasis.

support prophylactic CLND, while prophylactic LLND is controversial[8]. Some articles argue that
prophylactic LLND is beneficial for accurate postoperative staging and reduces the chances of local
recurrence and distant metastasis, while others disapprove of prophylactic LLND[16]. Since cervical
LLNM does not affect the overall survival of PTC patients and prophylactic LLND is extensive and
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Table 5 Optimal scale regression analysis of ipsilateral level-IV lymph node metastasis

. . Tolerance
Variable Beta es:f:rdardlzed coefficient std. Df F Sig  After Before Importance
transformation transformation
Primary tumor size 0.150 0.051 1 8730 0.003 0975 0.961 0.164
ETE -0.127 0.052 1 5884 0016 0962 0.963 0.146
Prelaryngeal LNM -0.071 0.046 1 2357 0126 0973 0.876 0.003
Pretracheal LNM 0149 0.055 1 7415 0.001 0.884 0.849 0.216
Ipsilateral paratracheal 0.251  0.049 1 26.079 0.000 0.889 0.846 0.472

LNM

ETE: Extrathyroid extension; LNM: Lymph node metastasis.

Consecutive thyroid cancer patients
(n = 1089)

Exclusions
Missing medical/ pathology record
Another surgical procedure/other operator
A history of head or neck irradiation
Non-papillary cancer
A previous thyroid operation

Papillary thyroid carcinoma
(n = 805)

cNO criteria

No touch the ELN (< 2 cm, soft)

Imaging examination showed no
ELN

ELN < 1 cm; ELN at 1-2 cm but
with no malignant signs

PTC with clinically involved neck nodes
(n = 653)

PTC with pathology involved Unilateral cNO-PTC PTC with clinically involved neck
neck node (7 = 460) (n = 388) nodes (7 = 653)

DOI: 10.12998/wjcc.v10.i12.3709 Copyright ©The Author(s) 2022.

Figure 1 Flow diagram of patient selection. ELN: Enlarged lymph nodes; PTC: Papillary thyroid carcinoma; cNO: Clinically node-negative.

difficult, the incidence of chylous leakage, pain, cervical dysfunction, edema, sensory abnormalities and
other surgical complications has increased[21]. At present, the cNO criterion for preoperative evaluation
of the lymph node condition in PTC patients is not very accurate. In this study, the coincidence rate of
cNO was only 30.0%, which is low, similar to results in previous studies. Therefore, exploring the
regularity of PTC LNM to determine the range of LND is helpful for identifying and addressing occult
metastasis and for reducing local recurrence and distant metastasis.

Some scholars have suggested that lymphatic metastasis of thyroid carcinoma is usually predictable,
occurring first to the central area of the affected side and then to the lateral lymph node, and that
leaping metastasis is rare[11,22,23]. Lim et al[24] studied 246 patients with PTC with metastasis in the
central area and found that CLNM was an independent risk factor for LLNM (OR = 38.82, P < 0.001).
Liu et al[22] reported that CLNM was a predictor of LLNM in 966 patients who underwent total thyroid-
ectomy + CLND + selective LLND. Isaacs et al[23] suggested that LNM in the prelaryngeal subgroup of
the central area of the affected side had predictive value for the LLNM. The results of this study reveal
that there is LNM in the central area and that the rate of LLNM is 46.6%. CLNM was positively
associated with the risk of LLNM (P < 0.001). Prelaryngeal, pretracheal and ipsilateral paratracheal
LNM had a substantial influence on ipsilateral LLNM. According to the optimal scaling regression
models, prelaryngeal, pretracheal and ipsilateral paratracheal LNM were positively correlated with
ipsilateral LLNM and with a relatively high importance level, which suggests that the subgroup of the
central area of the affected side is the main factor affecting ipsilateral LLNM. The subgroup of the
central LNM accounted for 84.3% of the factors affecting LLNM,; these results indicated that under other
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conditions, with an increase in the number of positive LNMs, the possibility of LNM was obvious, with
approximately 84.3% of LLNM determined by the CLNM subgroup, which is consistent with the above
results. Thus, the CLNM subgroup has predictive value for LNM on the affected side. LLND should be
considered when intraoperative freezing indicates LNM in a subgroup of the central area.

This study first investigated the relationship between LNM in subgroups of the central area and
ipsilateral LLNM. The optimal scaling regression models showed that prelaryngeal LNM was associated
with ipsilateral level-II LNM, and with a relatively high importance level, which suggests that
prelaryngeal LNM is a main factor affecting ipsilateral level-II LNM, indicating that under other
conditions, with an increase in positive numbers of prelaryngeal LNMs, the possibility of ipsilateral
level-I LNM was obvious, and prelaryngeal LNM was the most important influencing factor of
ipsilateral level-I LNM. According to the importance of the model, approximately 22.7% of ipsilateral
level-II LNM was determined by prelaryngeal LNM, which may be related to the following factors.
Anatomically, the prelaryngeal lymph nodes are located between the thyroid cartilage and hyoid bone
to drain the lymph of the thyroid and larynx, which is close to the location of lymph nodes in level II
Some scholars have suggested that the lymphatic vessels accompanying the superior thyroid artery
mainly collect the drained lymph from the upper part of the thyroid gland into the venous system
through the lateral lymph node[23,25-27]. Our research indicated that the probability of ipsilateral level-
IT LNM also increased with primary tumor size and tumor location, and the importance level was
relatively high. The optimal scaling regression models showed that given a tumor in the upper third of
the thyroid with a larger diameter and the increase in positive numbers of prelaryngeal LNMs, the
possibility of ipsilateral level-IIl LNM was obvious. Many studies have shown that the location of a PTC
affects the probability of LLNM. Hunt et al[28] suggested that tumors involving the superior aspect of
the thyroid lobe were more likely to be associated with metastasis to the lateral cervical lymph nodes (P
<0.01), and 76.9% of patients with lateral cervical lymph node disease had involvement of the superior
aspect of the lobe. Kwak et al[29] suggested that a tumor in the upper third of the thyroid was associated
with a 4.7-fold increased risk of LLNM. Dou et al[30] suggested that a tumor on the upper third of the
thyroid could be used to assist in the evaluation of LLNM in PTC patients. In this study, dissection of
the lymph node at level II of the affected side of unilateral cNO-PTC patients with prelaryngeal LNM
must be considered.

Our univariate and multivariate analyses indicated that the risk of ipsilateral level-IIIl LNM and level-
III LNM increased with primary tumor size, ETE and CLNM subgroup. The optimal scaling regression
models showed that pretracheal and ipsilateral paratracheal LNM were associated with ipsilateral level-
III LNM and ipsilateral level-IV LNM, which indicated that under other conditions, with the increase in
positive numbers of pretracheal and ipsilateral paratracheal LNMs, the possibility of ipsilateral level-III
LNM and ipsilateral level-IV LNM were obvious. According to the importance of the model, the sum
important influencing factor of pretracheal and ipsilateral paratracheal LNM that affected ipsilateral
level-III LNM was 75.9%; that is, approximately 75.9% of ipsilateral level-IIl LNM was determined by
the above two factors. Similarly, approximately 68.8% of ipsilateral level-IV LNM was determined by
pretracheal and ipsilateral paratracheal LNM, and approximately 47.2% of ipsilateral level-IV LNM was
determined by ipsilateral paratracheal LNM. This may be related to the lymphatic drainage of the
thyroid. Some studies have suggested that the lymphatic vessels accompanying the inferior thyroid
artery mainly collect the middle and lower parts of the thyroid gland into the lateral lymph node
through the pretracheal and ipsilateral paratracheal lymph nodes and finally into the internal jugular
vein[23,25-27]. This study indicated that the probability of ipsilateral level-IIIl LNM and ipsilateral level-
IV LNM also increased with primary tumor size, which was consistent with a previous study. Feng ef al
[31] suggested that a tumor size > 1 cm was associated with a 3.474-fold increased risk of LLNM. Ma et
al[32] showed that a greater tumor size was significantly associated with LNM. In this study, it was
found that dissection of the lymph node at levels IIl and IV of the affected side of unilateral cNO-PTC
patients must be considered when the tumor diameter is > 2 cm with pretracheal or ipsilateral
paratracheal LNM.

In summary, lymphatic metastasis of PTC is traceable. Prelaryngeal LNM is related to LNM in
ipsilateral level-Il LNM and pretracheal and ipsilateral paratracheal LNM to LNM in ipsilateral level-III
and level-IV LNM; these findings reveal the lymphatic drainage pathway around the thyroid gland,
provide a basis for regional dissection and accurate dissection of lateral lymph nodes of unilateral cNO-
PTC patients and help determine the extent of LLND. However, further in-depth studies are needed to
prove these findings in consideration of the small sample size of this study, lack of basic research
support and insulfficient follow-up testing.

CONCLUSION

For unilateral cNO-PTC patients, an understanding of LNM in each subgroup of the central area is
helpful to determine the range of prophylactic lateral cervical LND. For unilateral cNO-PTC patients
with a tumor diameter > 2 cm and pretracheal or ipsilateral paratracheal LNM, LND at ipsilateral level
III and level IV can be considered. When there is a tumor in the upper third of the thyroid with
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prelaryngeal LNM, LND at level II, level III and level IV can be considered.

ARTICLE HIGHLIGHTS

Research background

Prophylactic lateral lymph node dissection (LLND) is controversial for clinically node-negative
papillary thyroid carcinoma (cNO-PTC), mainly due to the low accuracy of the preoperative diagnosis of
cNO. CNO is not equal to pathological node negative, and many researchers are working to identify risk
factors for lateral lymph node metastasis (LNM) to realize selective prophylactic LLND.

Research motivation
The relationship between the central LNM and lateral LNM subgroups demonstrates a regularity in
LNM in PTC. It is the basis of accurate surgical decisions by clinical surgeons.

Research objectives

To investigate the relationship between subgroups of central LNM and lateral LNM of unilateral cNO-
PTC.

Research methods

The clinical and pathological data of 388 patients with unilateral cNO-PTC from the Endocrine
Mammary Surgery Department of the First Affiliated Hospital of Chongqing Medical University from
January 2016 to December 2017 were retrospectively analyzed. Optimal scaling regression analysis
explained the relationship between subgroups of central LNM and lateral LNM of unilateral cNO-PTC.

Research results

The coincidence rate of cNO was only 30.0%, and sex (57.1% vs 42.9%, P = 0.026), primary tumor size
(68.8% vs 31.2%, P = 0.008), tumor location (59.7% vs 40.3%, P = 0.007), extrathyroid extension (ETE)
(50.6% vs 49.9%, P =0.046), and prelaryngeal LNM (57.1% vs 42.9%, P = 0.004) were independent risk
factors for ipsilateral level-II LNM. Primary tumor size (74.6% vs 30.2%, P = 0.016), pretracheal LNM
(67.5% vs 32.5%, P < 0.001), and paratracheal LNM (71.4% vs 28.6%, P < 0.001) were independent risk
factors for ipsilateral level-III LNM. Primary tumor size (72.1% vs 27.9%, P = 0.003), ETE (70.4% vs
29.6%, P = 0.016), pretracheal LNM (68.3% vs 31.7%, P = 0.001), and paratracheal LNM (80.8% vs 19.2%,
P < 0.001) were independent risk factors for ipsilateral level-IV LNM.

Research conclusions
For unilateral cNO-PTC patients, different central LNM subgroups predicted different subgroups of
lateral LNM, which is helpful for determining the extent of prophylactic lateral LND.

Research perspectives

For unilateral cNO-PTC patients with prelaryngeal LNM, LNM may occur at ipsilateral level-II, and
prophylactic level-II LND can be considered. When pretracheal or ipsilateral paratracheal LNM occurs,
LNM may occur at ipsilateral level III and level IV, and prophylactic level-III and level-IV LND can be
considered.
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