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Background: Papillary thyroid cancer (PTC) has a strong propensity to metastasize to the cervical lymph 
nodes. Little was known currently about whether tumor’s location would influence the risk of lymph node 
metastasis in PTC. 
Methods: The study enrolled PTC patients who underwent primary surgical therapy in our center for 
small unifocal tumor. The tumor’s location was evaluated by ultrasound in three axes, three planes and 3D 
space. Logistic univariate and multivariate analysis were applied to explore the association between tumors’ 
location and the risk of lymph node metastasis in PTC. Different localization methods of thyroid tumors 
were evaluated using ROC curve.
Results: Totally 1,266 PTC patients were enrolled in this study. Univariate and multivariate analyses 
showed that gender, age, tumor size and tumor’s location (in longitudinal axis, longitudinal  sagittal plane, 
longitudinal coronal plane, sagittal coronal plane and 3D space) was associated with central lymph node 
dissection (CLND); gender, tumor size and tumor’s location (in longitudinal axis, coronal axis, longitudinal 
sagittal plane, longitudinal coronal plane, sagittal coronal plane and 3D space) was related with lateral lymph 
node dissection (LLND) (P<0.05). In the ROC curve analysis, the 3D location showed the highest predictive 
value of lymph node metastasis (C-statistics: 0.724 for CLNM; 0.763 for LLNM). The middle posterior 
lateral (OR=2.575, P=0.028), inferior anterior central (OR=2.829, P=0.016), inferior posterior lateral 
(OR=2.759, P=0.039) and isthmus tumors (OR=4.526, P=0.001) were at a higher risk of CLNM, and the 
middle anterior central tumors (OR=0.102, P=0.015) were related with lower risk of LLNM.
Conclusions: Stereotactic localization showed the highest predictive value of lymph node metastasis. The 
middle posterior lateral, inferior anterior central, inferior posterior lateral and isthmus tumors were at a 
higher risk of CLNM when compared to other locations. For such patients, careful preoperative evaluation 
of nodal status should be done.
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Introduction

Papillary thyroid cancer (PTC) always have a favorable 
prognosis, but with the risk of cervical lymph nodes 
metastasis and regional recurrence (1,2). The incidence 
of cervical lymph node metastasis in patients with PTC 
is about 30–80% (3-7). As reported, the lymph node 
metastasis usually has little impacts on survival, but it 
would increase the risk of postoperative recurrence (8). 
It’s reported also that cervical lymph node metastases are 
associated with compromised survival in young patients (9).  
Therefore, preoperative assessment of the risk of lymph 
node metastasis is essential for guiding treatment. Many 
characteristics have been identified as the risk factors 
of lymph node metastasis for PTC, such as gender, age, 
extrathyroid invasion, etc. (8,10-13). 

The location of thyroid nodules was reported to be 
associated with lymph node metastasis in PTC. Hunt  
et al. (14) reported that tumor in the superior aspect of the 
thyroid lobe has a higher risk of lateral cervical metastasis. 
However, Lee et al. (15) supported that the risk of central 
and lateral cervical lymph node metastasis was higher in 
PTC patients with posterosuperior lesion. Currently, little 
is known about the association between the location of 
PTC and the risk of lymph node metastasis. Therefore, this 
study is intended to explore the association between tumor’s 
location and the risk of lymph nodes metastasis in PTC.

Methods 

Patients

The medical records of all PTC patients who underwent 
surgery by one experienced surgeon (Dr. Qiang Shen) in 
the department of head & neck surgery in Fudan University 
Shanghai Cancer Center between January 1, 2011 and 
December 31, 2017 were reviewed retrospectively. All 
patients provided written informed consent for their 
information to be stored in the hospital database and used 
for research, and this study was approved by the Ethical 
Committee of Fudan University Shanghai Cancer Center 
(ID: JS170). Of all 4,382 patients, 3,116 patients were 
excluded according to our inclusion/exclusion criterion: 
320 patients with previous thyroid surgery, 523 patients 
underwent non-thyroid surgery, 357 patients with 
incomplete imaging data, 101 patients with inconsistent 
results between preoperative imaging and pathological 
examinations, 733 patients with benign pathological 
tumors, 501 patients with large size tumors that are 

difficult to evaluate the ultrasonic partition, 536 patients 
with multifocal tumors, 13 patients with pathology of non-
papillary thyroid carcinoma and 32 patients with obscure 
evaluation for nodal metastasis by current system of 6 levels 
in pathology. Finally, 1,266 patients were enrolled in this 
research. A cohort of 1,266 consecutive PTC patients who 
underwent primary surgical therapy for unifocal tumor 
with complete clinical, pathological, and imaging data were 
enrolled in this study.

Initial treatment

Before surgery, each patient underwent an ultrasonography 
(US) and enhanced cervical CT examination. US-guided 
fine-needle aspiration (FNA) was not performed routinely. 
Lobectomy plus ipsilateral central lymph node dissection 
(CLND) was typically performed as the initial surgical 
treatment for PTC patients with malignant lesions limited 
to a single lobe. Total thyroidectomy (TT) or near total 
thyroidectomy (nTT) was performed at the time of the 
initial operation when the condition is as following: 
the primary tumor >1 cm, undetermined nodules in 
the contralateral lobe by US, regional metastases or 
multifocal tumors. Histology of the frozen sections (FS) 
assisted surgeons in determining the extent of the surgical 
procedures. Selective lateral lymph node dissection 
(LLND), including levels II–V, was performed in cases 
with pathologically proven lateral lymph node metastasis 
or suspicious lymph nodes observed intraoperatively or on 
preoperative imaging.

The location of thyroid nodules

The location of the thyroid nodules was estimated by 
preoperative ultrasonography. One ultrasonologist who 
did not know about the pathological results estimated all 
ultrasound findings. According to the ultrasonography, the 
thyroid glands were divided into different portions (Figure 1). 
Since there is no clear anatomical division, the thyroid 
glands are bisected in the three axes. When the nodules 
were occupied two or more than two portions, the location 
was determined based on the majority or the center of the 
nodules. The large tumors that were difficult to evaluate the 
ultrasonic location were excluded from this study.

Statistical analysis

Statistical analyses were performed using SPSS ver. 22.0 
(SPSS Inc., Chicago, IL, USA). Patient characteristics 
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were compared using the chi-square test for categorical 
variables and Student’s t-test for continuous variables. The 
relationship between several clinicopathologic factors and 
the risk of lymph node metastasis was assessed. Among 
the factors, the location of tumor was analyzed in three 
axes, three two-dimensional (2D) planes and one three-

dimensional (3D) space. We performed a logistic regression 
multivariate analysis that included the risk factors which 
had a significant relationship with lymph node metastasis 
in the univariate analysis. A P value <0.05 was considered 
significant. Receiver operating characteristic (ROC) curve 
and the C-statistics was used to evaluate the accuracy of 

Figure 1 Ultrasonographic views of thyroid gland and different localization methods of PTC tumors. (A) Diagram of thyroid anatomy; (B) 
in the longitudinal view, the gland was divided into superior (S), middle (M), and inferior (I) positions; (C) in the coronal view, the gland was 
divided into lateral (L) and central (C) positions; (D) in the sagitta view, the gland was divided into anterior (A) and posterior (P) positions; 
(E) longitudinal coronal location. The gland was divided into superior central (SC), superior lateral (SL), middle central (MC), middle 
lateral (ML), inferior central (IC), inferior lateral (IL) and isthums positions; (F) longitudinal sagittal location. The gland was divided into 
superior anterior (SA), superior posterior (SP), middle anterior (MA), middle posterior (MP), inferior anterior (IA), inferior posterior (IP) 
and isthmus positions. (G) Sagittal coronal location. The gland was divided into anterior central (AC), anterior lateral (AL), posterior central 
(PC), posterior lateral (PL) and isthmus positions; (H) 3D location in anteroposterior view. The superior anterior central (SAC), superior 
anterior lateral (SAL), middle anterior central (MAC), middle anterior lateral (MAL), inferior anterior central (IAC), inferior anterior lateral 
(IAL) and isthmus positions were shown; (I) 3D location in posteroanterior view. The superior posterior central (SPC), superior posterior 
lateral (SPL), middle posterior central (MPC), middle posterior lateral (MPL), inferior posterior central (IPC), inferior posterior lateral (IPL) 
and isthmus positions were shown. IJV, internal jugular vein; CA, carotid artery.
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different localization methods. 

Results

Characteristics of the study cohort

As shown in Table 1, 1,266 PTC patients were enrolled in 
this study. The cohort consists of 326 males and 940 females,  
of whom 1,058 patients (83.6%) were ≤55 years old. Among 
the cohort, 261 PTC patients (20.6%) were accompanied 
with Hashimoto’s disease and 118 patients (9.3%) with 
goiter. Extrathyroidal extension occurred in 59 patients 
(4.7%). All 1,266 patients were pathologically diagnosed 
as PTC. There were 997 patients (78.8%) with papillary 
thyroid microcarcinoma (PTMC), and totally 1,221 patients 
(96.4%) with tumor smaller than 1.5 cm. All 1,266 patients 
underwent central lymph node dissection (CLND), and 
75 patients (5.9%) of them underwent lateral lymph node 
dissection further. Central lymph node metastasis (CLNM) 
occurred in 451 patients (35.6%), and lateral lymph node 
metastasis (LLNM) in 56 patients (4.4%). After a mean  
18.1 months of follow-up, 11 patients (0.87%) occurred 
regional recurrence. No patient died or had distant 
metastasis during follow-up.

Central lymph node metastasis

In the univariate analysis, female (OR=0.465, P<0.001) and 
the patients >55 years old (OR=0.312, P<0.001) had less risk 
of CLNM, and tumor size was also related with CLNM 
(OR=2.039, P<0.001) (Table 2). Hashimoto’s disease, goiter 
and capsule invasion wasn’t related with CLNM (P>0.05). 
The tumors in the inferior portion and isthmus were at 
higher risk of CLNM in the longitudinal axis (the inferior 
portion: OR=1.478, P=0.034; isthmus: OR=2.679, P<0.001). 
There was no difference between different portions in 
sagittal and coronal axis. In the longitudinal sagittal plane, 
inferior anterior tumors and isthmus tumors were related 
with CLNM (inferior anterior tumors: OR=1.692, P=0.033; 
isthmus: OR=2.828, P=0.001). Compared with superior 
central nodules in the longitudinal coronal plane, lateral 
superior nodules (OR=1.937, P=0.049), middle central 
nodules (OR=1.882, P=0.044), middle lateral nodules 
(OR=2.056, P=0.021), inferior central nodules (OR=2.383, 
P=0.007), inferior lateral nodules (OR=2.355, P=0.014) 
and isthmus nodules (OR=4.300, P<0.001) all showed a 
higher risk of CLNM. In the sagittal coronal plane, isthmus 

Table 1 Characteristics of the cohort

Characteristics N=1,266 %

Gender

Male 326 25.8

Female 940 74.2

Age

≤55 years 1,058 83.6

>55 years 208 16.4

Hashimoto’s disease

Yes 261 20.6

No 1,005 79.4

Goiter

Yes 118 9.3

No 1,148 90.7

Capsule invasion

No 1,207 95.3

Yes 59 4.7

Tumor size

≤1 cm 396 31.3

1–1.5 cm 601 47.5

1.5–2 cm 224 17.7

>2 cm 45 3.6

Surgery

Lobectomy 1,049 82.9

Total thyroidectomy 95 7.5

Near total thyroidectomy 122 9.6

Lateral neck dissection

Yes 75 5.9

No 1,191 94.1

CLNM

No 815 64.4

Yes 451 35.6

LLNM

No 1,210 95.6

Yes 56 4.4

CLNM, central lymph node metastasis; LLNM, lateral lymph 
node metastasis.
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Table 2 Analysis of risk factors for central lymph node metastasis in papillary thyroid cancer (PTC)

Factors
Univariate analysis Multivariate analysis ROC

P OR 95% CI P OR 95% CI C-statistics

Gender 0 0.465 0.360–0.602 0 – –

Age 0 0.312 0.213–0.458 0 – –

Tumor size 0 2.039 1.746–2.38 0 – –

Longitudinal location 0.712 (0.683–0.740)

Superior Reference Reference

Middle 0.222 1.226 0.884–1.701 0.389 1.165 0.823–1.651

Inferior 0.034 1.478 1.029–2.123 0.011 1.653 1.123–2.432

Isthums 0 2.679 1.592–4.508 0.004 2.259 1.293–3.946

Sagittal location

Anterior Reference – –

Posterior 0.981 0.997 0.787–1.263

Coronal location

Central Reference – –

Lateral 0.856 0.979 0.777–1.233

Longitudinal sagittal location 0.719 (0.690–0.748)

Superior anterior Reference Reference

Superior posterior 0.576 1.176 0.667–2.074 0.435 1.271 0.696–2.322

Middle anterior 0.424 1.203 0.765–1.892 0.609 1.134 0.701–1.835

Middle posterior 0.078 1.523 0.954–2.431 0.067 1.591 0.967–2.618

Inferior anterior 0.033 1.692 1.042–2.748 0.009 1.998 1.191–3.352

Inferior posterior 0.197 1.437 0.828–2.493 0.106 1.623 0.902–2.921

Isthums 0.001 2.828 1.566–5.109 0.004 2.505 1.331–4.717

Longitudinal coronal location 0.716 (0.687–0.745)

Superior central Reference Reference

Superior lateral 0.049 1.937 1.003–3.739 0.096 1.803 0.901–3.610

Middle central 0.044 1.882 1.018–3.481 0.11 1.694 0.887–3.237

Middle lateral 0.021 2.056 1.113–3.797 0.058 1.871 0.980–3.573

Inferior central 0.007 2.383 1.263–4.494 0.005 2.616 1.339–5.113

Inferior lateral 0.014 2.355 1.191–4.657 0.019 2.373 1.153–4.886

Isthums 0 4.3 2.100–8.807 0.001 3.452 1.614–7.383

Sagittal coronal location 0.714 (0.685–0.743)

Anterior central Reference Reference

Anterior lateral 0.676 0.935 0.682–1.282 0.519 0.895 0.639–1.254

Posterior central 0.585 0.906 0.636–1.291 0.866 0.968 0.665–1.410

Posterior lateral 0.284 1.195 0.862–1.655 0.296 1.204 0.850–1.706

Isthums 0.002 2.166 1.332–3.521 0.024 1.827 1.084–3.078

Table 2 (continued)
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tumors were statistically associated with CLNM (OR=2.166, 
P=0.002). For the 3D location, middle posterior lateral 
nodules (OR=2.575, P=0.028), inferior anterior central 
nodules (OR=2.829, P=0.016), inferior posterior lateral 
nodules (OR=2.759, P=0.039) and isthmus nodules 
(OR=4.526, P=0.001) were related with CLNM.

Multivariate analysis was performed to reveal the 
association between gender, age, tumor size, tumors’ 
location in different planes and CLNM (Table 2). In all 
five analysis, gender, age and tumor size was related with 
CLNM. In the multivariate analysis of gender, age, tumor 
size and longitudinal location, the tumors in the inferior 
portion (OR=1.653, P=0.011) and isthmus (OR=2.259, 
P=0.004) were at higher risk of CLNM. Inferior anterior 
tumors (OR=1.998, P=0.009) and isthmus tumors 
(OR=2.505, P=0.004) were related with CLNM in the 
multivariate analysis of longitudinal sagittal location. For 
longitudinal coronal location, inferior central nodules 
(OR=2.616, P=0.005) and isthmus nodules (OR=3.452, 
P=0.001) showed a higher risk of CLNM compared with 
superior central nodules. In the sagittal coronal plane, 
isthmus tumors were statistically associated with CLNM 
(OR=1.827, P=0.024). For the 3D location, middle posterior 
lateral (OR=2.618, P=0.034), inferior anterior central 

(OR=3.555, P=0.005), inferior posterior lateral (OR=3.273, 
P=0.023) and isthmus (OR=3.962, P=0.004) nodules were 
related with CLNM. The ROC curves were analyzed for 
the five methods of location classification and CLNM in the 
multivariate analysis. As results, the 3D location showed the 
highest predictive value, of which the C-statistics was 0.724 
(0.696–0.753) (Figure 2A). The nomogram and calibration 
curve of the 3D localization was shown in Figure 2B and 2C.

Lateral cervical lymph node metastasis

In the univariate analysis, gender (OR=0.562, P=0.042) 
and tumor size (OR=1.848, P<0.001) was related with 
LLNM (Table 3). Age, Hashimoto’s disease, goiter and 
capsule invasion wasn’t related with CLNM (P>0.05). 
The middle and inferior tumors in the longitudinal axis 
were at lower risk of LLNM (the middle: OR=0.405, 
P=0.003; the inferior: OR=0.254, P=0.001), and the lateral 
tumors in coronal axis were at higher risk of LLNM 
(OR=2.306, P=0.004). There was no difference between 
different portions in sagittal axis and longitudinal coronal 
plane (P>0.05). In the longitudinal sagittal plane, inferior 
anterior tumors were related with decreased risk of LLNM 
(OR=0.276, P=0.022). In the sagittal coronal plane, isthmus 

Table 2 (continued)

Factors
Univariate analysis Multivariate analysis ROC

P OR 95% CI P OR 95% CI C-statistics

3D location 0.724 (0.696–0.753)

Superior anterior central Reference Reference

Superior anterior lateral 0.167 1.891 0.765–4.671 0.19 1.895 0.729–4.924

Superior posterior central 0.846 1.120 0.358–3.507 0.607 1.369 0.413–4.543

Superior posterior lateral 0.087 2.204 0.891–5.454 0.092 2.277 0.875–5.927

Middle anterior central 0.133 1.893 0.824–4.348 0.217 1.737 0.723–4.172

Middle anterior lateral 0.144 1.867 0.808–4.312 0.185 1.818 0.752–4.398

Middle posterior central 0.086 2.123 0.900–5.010 0.068 2.322 0.939–5.745

Middle posterior lateral 0.028 2.575 1.107–5.990 0.034 2.618 1.073–6.386

Inferior anterior central 0.016 2.829 1.216–6.584 0.005 3.555 1.454–8.691

Inferior anterior lateral 0.079 2.286 0.908–5.752 0.081 2.386 0.898–6.341

Inferior posterior central 0.174 1.909 0.751–4.853 0.141 2.096 0.783–5.609

Inferior posterior lateral 0.039 2.759 1.055–7.217 0.023 3.273 1.177–9.106

Isthums 0.001 4.526 1.860–11.013 0.004 3.962 1.546–10.153
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Table 3 Analysis of risk factors for lateral lymph node metastasis in papillary thyroid cancer (PTC)

Factors
Univariate analysis Multivariate analysis ROC

P OR 95% CI P OR 95% CI C-statistics

Gender 0.042 0.562 0.322–0.98 0 –

Tumor size 0 1.848 1.35–2.53 0 –

Longitudinal location 0.703 (0.635–0.771)

Superior Reference Reference

Middle 0.003 0.405 0.222–0.739 0.001 0.362 0.196–0.669

Inferior 0.001 0.254 0.110–0.584 0.001 0.254 0.110–0.589

Isthums 0.066 0.251 0.057–1.094 0.028 0.187 0.042–0.833

Sagittal location

Anterior Reference –

Posterior 0.506 1.202 0.699–2.066 –

Coronal location 0.696 (0.632–0.760)

Central Reference Reference

Lateral 0.004 2.306 1.311–4.056 0.005 2.252 1.275–3.978

Longitudinal sagittal location 0.707 (0.639–0.774)

Superior anterior Reference Reference

Superior posterior 0.616 1.259 0.512–3.092 0.493 1.377 0.552–3.432

Middle anterior 0.074 0.47 0.205–1.077 0.046 0.423 0.182–0.983

Middle posterior 0.068 0.43 0.174–1.063 0.062 0.418 0.167–1.045

Inferior anterior 0.022 0.276 0.092–0.828 0.028 0.29 0.096–0.877

Inferior posterior 0.073 0.3 0.08–1.119 0.084 0.31 0.082–1.171

Isthums 0.111 0.285 0.061–1.335 0.061 0.225 0.047–1.072

Longitudinal coronal location 0.738 (0.671–0.805)

Superior central Reference Reference

Superior lateral 0.208 2.064 0.669–6.372 0.337 1.752 0.558–5.499

Middle central 0.091 0.328 0.090–1.194 0.044 0.26 0.070–0.964

Middle lateral 0.896 1.077 0.355–3.267 0.778 0.85 0.275–2.628

Inferior central 0.428 0.601 0.171–2.117 0.371 0.56 0.157–1.995

Inferior lateral 0.092 0.149 0.016–1.362 0.064 0.122 0.013–1.131

Isthums 0.339 0.43 0.076–2.423 0.162 0.286 0.050–1.653

Sagittal coronal location 0.682 (0.652–0.712)

Anterior central Reference Reference

Anterior lateral 0.971 1.006 0.736–1.375 0.717 0.941 0.678–1.307

Posterior central 0.651 0.922 0.648–1.311 0.89 0.974 0.675–1.406

Posterior lateral 0.224 1.223 0.884–1.692 0.253 1.219 0.868–1.713

Isthums 0.002 2.115 1.302–3.437 0.023 1.821 1.088–3.048

Table 3 (continued)
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tumors were statistically associated with LLNM (OR=2.115, 
P=0.002). For the 3D location, middle anterior central 
nodules (OR=0.129, P=0.028) were at lower risk of LLNM.

Multivariate analysis was performed to explore further 
the association between gender, tumor size, tumors’ 
location and LLNM (Table 3). In all six analysis, gender 
and tumor size was related with LLNM (P<0.05). In the 
multivariate analysis of gender, tumor size and longitudinal 
location, the tumors in the middle portion (OR=0.362, 
P=0.001), the inferior portion (OR=0.254, P=0.001) and the 
isthmus (OR=0.187, P=0.028) were statistically associated 
with LLNM. In the coronal axis, lateral tumors were 
at higher risk of LLNM (OR=2.252, P=0.005). Middle 
anterior tumors (OR=0.423, P=0.046) and inferior anterior 
tumors (OR=0.290, P=0.028) were related with LLNM in 
the multivariate analysis of longitudinal sagittal location. 
For longitudinal coronal location, middle central nodules 
(OR=0.260, P=0.044) showed a lower risk of LLNM 
compared with superior central nodules. In the sagittal 
coronal plane, isthmus tumors were statistically associated 
with LLNM (OR=1.821, P=0.023). For the 3D location, 
middle anterior central nodules (OR=0.102, P=0.015) were 
related with LLNM. The ROC curve and C-statistics were 
analyzed for the six methods of location classification and 

LLNM in the multivariate analysis. The C-statistics of 
3D location, as the highest one, was 0.763 (0.701–0.824) 
(Figure 2D). The nomogram and calibration curve of the 
3D localization was shown in Figure 2E,F.

Discussion

PTC has a strong propensity to metastasize to central 
and lateral lymph nodes. Surgery is the optimal treatment 
for primary tumor and lymph node metastasis of PTC. 
Although the lymph node metastasis usually has little 
impacts on survival, but it would increase the risk of 
regional recurrence and reoperation (1,2,8). Ultrasound 
plays an important role with high sensitivity and specificity 
in the preoperative evaluation of PTC. It could help 
distinguish the benign and malignant thyroid nodules and 
evaluate the lymph nodes metastasis (16,17). Accurate 
preoperative assessment of lymph node metastasis is crucial 
to determine the surgical procedures. If some features of 
the primary tumor examined by ultrasound could act as the 
risk factors for lymph node metastasis, it will be beneficial 
for further treatment.

Many characteristics have been identified as the risk 
factors of lymph node metastasis in patients with PTC, such 

Table 3 (continued)

Factors
Univariate analysis Multivariate analysis ROC

P OR 95% CI P OR 95% CI C-statistics

3D location 0.763 (0.701–0.824)

Superior anterior central Reference Reference

Superior anterior lateral 0.83 1.167 0.285–4.773 0.991 1.008 0.241–4.228

Superior posterior central 0.435 0.398 0.039–4.020 0.518 0.463 0.045–4.77

Superior posterior lateral 0.365 1.869 0.484–7.219 0.427 1.744 0.442–6.878

Middle anterior central 0.028 0.129 0.021–0.800 0.015 0.102 0.016–0.642

Middle anterior lateral 0.98 0.984 0.267–3.628 0.766 0.817 0.217–3.082

Middle posterior central 0.258 0.411 0.088–1.921 0.229 0.384 0.081–1.824

Middle posterior lateral 0.399 0.54 0.129–2.263 0.288 0.454 0.106–1.945

Inferior anterior central 0.197 0.363 0.078–1.693 0.204 0.364 0.077–1.729

Inferior anterior lateral 0.156 0.19 0.019–1.89 0.123 0.162 0.016–1.636

Inferior posterior central 0.54 0.597 0.114–3.111 0.514 0.574 0.108–3.04

Inferior posterior lateral 0.997 0 – 0.997 0 –

Isthums 0.213 0.312 0.050–1.949 0.108 0.218 0.034–1.398
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as gender, age, extrathyroid invasion and lager tumor, etc. 
(7,10-13). The location of thyroid nodules was reported to 
be associated with lymph node metastasis in PTC, however, 
it is still controversial. The tumors in the upper lobes of 
the thyroid were reported to be at a higher risk of lateral 
cervical metastasis (3,14). It has been reported that the 
tumors located in the upper pole of the thyroid could spread 
directly to the upper part of the ipsilateral lateral cervical 
lymph node (18,19). Differently, Lee et al. (15) supported 
that the risk of central and lateral cervical lymph node 
metastasis was higher in PTC patients with posterosuperior 
lesion. Kwak et al. (20) showed that ultrasonographic feature 
of upper pole location have significant association with 
lateral nodal metastasis. Previous study from our center 
also showed that tumor location in the upper third of the 
thyroid lobe was associated with a lower risk of CLNM and 
a higher risk of LLNM (11). However, some studies have 
reported no significant association between tumor site and 
lymph node metastasis (21). 

Previous studies enrolled heterogenous samples, such 

as multifocal, large tumors or recurrent cases, which could 
change the direction of lymphatic drainage. In addition, 
they all analyzed tumor’s location on a linear or planar basis, 
without taking into account the 3D location of the tumor. 
Thus, the present study included only previously untreated 
PTC patients with unifocal and not too large tumor. 
Furthermore, the tumor’s location was analyzed in three 
axes, three planes and one 3D space. As results, gender, age, 
tumor size and tumor’s location were found to be associated 
with CLNM, and gender, tumor size and tumor’s location 
was related with LLNM. In the ROC curve analysis, the 3D 
location showed the highest predictive value (C-statistics: 
0.724 for CLNM; 0.763 for LLNM). The middle posterior 
lateral (OR=2.575, P=0.028), inferior anterior central 
(OR=2.829, P=0.016), inferior posterior lateral (OR=2.759, 
P=0.039) and isthmus tumors (OR=4.526, P=0.001) were 
at a higher risk of CLNM, and the middle anterior central 
tumors (OR=0.102, P=0.015) were related with lower risk  
of LLNM.

To present the results more visually, the pattern diagrams 

Figure 3 Patterns of lymph node metastasis in different views. (A) Longitudinal axis. The superior tumor is more likely to metastasize to the 
lateral region; the inferior and isthmus tumors are at higher risk of CLNM; (B) coronal axis. The lateral tumors are more prone to LLNM; (C) 
longitudinal sagittal plane. The inferior anterior tumors are at higher risk of CLNM; (D) longitudinal coronal plane. The inferior central 
and isthmus tumors are at higher risk of CLNM; (E) sagittal coronal plane. The risk of both CLNM and LLNM are higher for isthmus 
tumors; (F) 3D space. The medial inferior anterior, posterolateral middle, posterolateral inferior and isthmic tumors metastasize more easily 
to the central region.
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of the risk of lymph node metastasis to the patients with 
thyroid nodules in different locations have been drawn 
(Figure 3). In the longitudinal axis, the superior nodule is 
more likely to metastasize to the lateral cervical region, 
while the inferior and isthmus tumors are at higher risk of 
CLNM. In the coronal axis, the lateral tumors are more 
prone to LLNM. The inferior anterior tumors in the 
longitudinal sagittal plane, inferior central and isthmus 
tumors in longitudinal coronal plane are at higher risk 
of CLNM. From a cross-sectional view, the risk of both 
CLNM and LLNM are higher for isthmus tumors. In 
the 3D space, the medial inferior anterior and isthmic 
nodules close to the inferior thyroid vein, as well as the 
posterolateral middle and posterolateral inferior nodules 
close to the middle thyroid vein, metastasize more easily 
to the central region. To simplify the results, the tumors 
in the more interior and lower pole of thyroid were at 
higher risk for metastasizing to the central lymph nodes, 
and the tumors in the upper pole are more likely to have 
lateral lymph node metastasis, even skipping lateral cervical 
metastasis. Moreover, we hypothesized that the risk of 
lymph node metastasis for PTC nodules at different 
locations might be associated with venous reflux.

Our study described the effects of the tumors’ location 
on the risk of lymph node metastasis in PTC. This is the 
first study using different linear, planar and stereoscopic 
localization methods to explore the association between 
tumors’ location and risk of lymph node metastasis. 
There are some limitations. To assess tumors’ location 
accurately, the patients included in this study were all with 
small tumors, which may partly explain the low incidence 
of LLNM (4.4%). Because of the small sample with 
LLNM, the analysis of tumor’s location and LLNM may 
be influenced. Thus, we will report our result of further 
study about LLNM in the near future. Since there were 
no definitive landmarks, the division of thyroid glands into 
the portions might be different depending on the various 
shapes of thyroid glands and the subjective judgement of 
ultrasonologist. A prospective analysis with more advanced 
ultrasound is necessary still in the future.
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