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Purpose: To investigate the risk factors for cervical lymph node metastasis (LNM) in

papillary thyroid microcarcinoma (PTMC).

Patients and Methods: In total, 3686 patients with PTMC who underwent initial surgery

in Shanghai Jiao Tong University affiliated Sixth People’s Hospital from January 2010 to

December 2019 were retrospectively analyzed. Univariate and multivariate analyses were

conducted to identify risk factors associated with cervical LNM.

Results: Male gender [odds ratio (OR) =1.420, P <0.001], age <55 years (OR =2.128,

P <0.001), tumor size >6.5 mm (OR =2.112, P <0.001), lymphovascular invasion (LVI) (OR

=2.110, P =0.016), multifocality (OR =1.358, P =0.022), extrathyroidal extension (ETE) (OR

=1.598, P <0.001), and lateral LNM (LLNM) (OR =6.383, P <0.001) served as independent

risk factors for central LNM (CLNM). Moreover, male gender (OR =1.668, P =0.001), tumor

size >6.5 mm (OR =2.223, P <0.001), chronic lymphocytic thyroiditis (OR =1.402,

P =0.021), LVI (OR =4.582, P <0.001), ETE (OR =1.393, P=0.023), and CLNM

(OR =6.212, P <0.001) served as independent risk factors for LLNM. Furthermore, solitary

PTMC with lesions in the upper third of the thyroid gland were more associated with LLNM

than lesions in the other regions.

Conclusion: This study suggests that meticulous evaluation of risk factors associated with

LNM is required in order to guide the surgical treatment of PTMC patients in clinical

practice.

Keywords: papillary thyroid microcarcinoma, predictors, central lymph node metastasis,

lateral lymph node metastasis, extrathyroidal extension

Introduction
Papillary thyroid microcarcinoma (PTMC) is defined by the World Health

Organization as a papillary thyroid carcinoma (PTC) measuring ≤10 mm in dia-

meter. In recent years, the incidence of PTMC has increased substantially, and is

estimated to account for more than 50% of new cases of thyroid cancer.1 Although

PTMC has an indolent clinical course with excellent prognosis, some cases are

accompanied by high-risk features at the time of diagnosis, such as extrathyroidal

extension (ETE) and lymph node metastasis (LNM).2,3

Previous studies have shown that the incidence rate of central LNM (CLNM) in

PTMC is approximately 23–64.1%, and the incidence rate of lateral LNM (LLNM)
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in PTMC is approximately 3.7–44.5%.4–6 Existing guide-

lines recommend active surveillance for low-risk PTMC,

and immediate surgery for those with high-risk features.

However, whether prophylactic central lymph node dissec-

tion (CLND) should be performed routinely for clinically

node-negative (cN0) PTMC patients is still uncertain,

because of the lack of substantial evidence showing any

survival benefit for these patients.2,3 Therefore, determin-

ing the risk factors associated with LNM is of great sig-

nificance to determine surgical strategies.

In this study, we retrospectively analyzed clinicopatho-

logical features of PTMC patients to identify the risk

factors for cervical LNM, which could improve the clin-

ical management of PTMC.

Patients and Methods
Patient Selection
Demographic, operative, clinical, and pathological data from

medical records of PTMC patients who underwent surgery at

Shanghai Jiao Tong University Affiliated Sixth People’s

Hospital from January 2010 to December 2019 were

reviewed. For inclusion in the study, a patient had to have

a complete medical record, no history of neck radiotherapy or

thyroidectomy, and a postoperative pathological diagnosis

with PTMC. Patients with mixed PTMC (PTMC with other

types of thyroid cancer), or with a history of other malignan-

cies, were excluded from the study. Ultimately, 3686 patients

were included in this study. All patients underwent preopera-

tive neck ultrasonography (US) and fiberoptic laryngoscopy.

Where preoperative findings indicated possible LLNM,

enhanced computed tomography scanning and fine-needle

aspiration cytology (FNAC) were usually performed to eval-

uate suspect lymph nodes (LNs). This retrospective study was

approved by the Ethics Committee at the Shanghai Jiao Tong

University Affiliated Sixth People’s Hospital. Each patient

signed a written informed consent to use their data for

research, and that all data was maintained with confidentiality.

Surgical Procedures
All patients underwent CLND (level VI) either therapeutic

or prophylactic CLND, which is routinely recommended

in China.7 Total thyroidectomy was performed for PTMC

patients with bilaterality, gross ETE (gETE), bilateral cer-

vical LNM, or other high-risk features, who would poten-

tially require radioactive iodine ablation therapy. Lateral

lymph node dissection (LLND), including neck dissection

of level II–IV (level I and V were only dissected when

metastatic LNs were present in these compartments), was

performed in patients for whom LLNM was confirmed by

preoperative FNAC and washout thyroglobulin level.

Histopathological Examination
Surgical specimens were meticulously examined by two

experienced pathologists, and the following histopatholo-

gic features were determined and assessed: pathological

subtypes, chronic lymphocytic thyroiditis (CLT), tumor

size (measured as the diameter of the largest lesion), multi-

focality (defined as the presence of two or more lesions in

the thyroid), bilaterality, LVI (defined as the invasion of

intracapsular blood or lymphatic vessels), ETE (including

capsular invasion), LNM, and the size of positive LNs.

Because the diagnosis of ETE is controversial (the true

capsule of the thyroid gland is not well-defined), we

defined ETE as capsular invasion and extracapsular exten-

sion into perithyroid tissue, such as fibroadipose tissue and

strap muscle. Tumors were staged in accordance with the

eighth edition of the American Joint Committee on Cancer

(AJCC) Cancer Staging Manual.

Statistical Analysis
Continuous variables are presented as a median value with

an interquartile range (IQR), and categorical variables are

presented as a frequency and percentage. Either Pearson’s

chi-squared test or Fisher’s test was used to compare cate-

gorical variables. Multivariate logistic regression analysis

was performed to assess independent risk factors for cervi-

cal LNM, using variables with P <0.05 from univariate

analysis. Receiver operating characteristic curve (ROC)

analysis was used to determine optimal cutoff points for

tumor size and the amount of involved central LNs neces-

sary to identify the risk of CLNM and LLNM, respectively.

Statistical significance for two-tailed tests was defined as

P <0.05. All statistical analyses were performed using SPSS

26.0 software (IBM Corp., Armonk, NY, USA).

Results
Clinicopathological Characteristics of

3686 PTMC Patients
The clinicopathological characteristics of the 3686 PTMC

patients are summarized inTable 1. Conventional open surgery

was performed on 3331 (90.4%) patients, and endoscopic

thyroidectomy, either via the oral vestibular approach or

the areola approach, was performed on 355 (9.6%) patients.

Lobectomywas performed in 1856 (50.4%) patients, near-total
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thyroidectomy in 588 (16.0%) patients, and total thyroidect-

omy in 1242 (33.7%) patients. All patients underwent CLND,

with a median of four LNs dissected. The incidence of CLNM

was 30.2% (1114 cases), and the median of LNs in these

patients was two. LLNM was present in 256 (6.9%) patients,

including 18 caseswith bilateral LLNMand 62 caseswith skip

metastasis (LLNM without CLNM). Six patients presented

with distant metastasis, of which three had lung metastasis

and three had bone metastasis.

Risk Factors for CLNM
ROC curve analysis showed that the optimal cutoff point

for primary tumor size used to determine whether PTMC

patients had CLNM was 6.5 mm (area =0.646, standard

error =0.010, asymptotic significance =0.000, 95% confi-

dence interval =0.627–0.665).

The risk factors for CLNM were evaluated via univariate

and multivariate analyses (Table 2). Univariate analysis

showed that male gender, age <55 years, tumor size greater

than 6.5 mm, LVI, multifocality, bilaterality, ETE, and LLNM

were significantly associated with CLNM (all P <0.001).

Using multivariate analysis, male gender [odds ratio (OR)

=1.420, P <0.001], age <55 years (OR =2.128, P <0.001),

tumor size >6.5 mm (OR =2.112, P <0.001), LVI (OR =2.110,

P =0.016), multifocality (OR =1.358, P =0.022), ETE (OR

=1.598, P <0.001), and LLNM (OR =6.383, P <0.001) were

determined to be independent risk factors for CLNM for

patients with PTMC.

Risk Factors for LLNM
ROC curve analysis showed that the optimal cutoff point for

the number of central LNs that had to be present in order to

determine whether PTMC patients had LLNM, was three

(area =0.682, standard error =0.022, asymptotic significance

=0.000, 95% confidence interval =0.639–0.726).

Several clinicopathological factors were significantly

associated with LLNM in univariate analysis (Table 3):

male gender, tumor size >6.5 mm, LVI, multifocality, bilater-

ality, ETE, CLNM, more than three central LNs present (all

P <0.001), and CLT (P =0.026). Multivariate analysis demon-

strated that male gender (OR =1.668, P =0.001), tumor size

>6.5 mm (OR =2.223, P <0.001), CLT (OR =1.402,

P =0.021), LVI (OR =4.582, P <0.001), ETE (OR =1.393,

P =0.023) and CLNM (OR =6.212, P <0.001) served as

independent risk factors for LLNM for patients with PTMC.

Association Between Tumor Locations

and Cervical Lymph Node Metastasis
Among the 3686 patients, 2699 (73.2%) had solitary

PTMC. According to preoperative US findings and

Table 1 Clinicopathological Characteristics of 3686 PTMC Patients

Characteristics No. (%)

Gender

Male 886 (24.0)

Female 2800 (76.0)

Age (Year)

Median (IQR) 45 (35–55)

<55 2758 (74.8)

≥55 928 (25.2)

Pathological Subtype

Classic 3492 (94.7)

Follicular variant 169 (4.6)

Other 25 (0.7)

Tumor Size (mm)

Median (IQR) 6 (4–9)

≤6.5 1982 (53.8)

>6.5 1704 (46.2)

CLT

Absent 2395 (65.0)

Present 1291 (35.0)

Multifocality

Absent 2699 (73.2)

Present 987 (26.8)

Bilaterality

Absent 3021 (82.0)

Present 665 (18.0)

ETE

Absent 2779 (75.4)

Present 907 (24.6)

LVI

Absent 3626 (98.4)

Present 60 (1.6)

T Stage

T1a 3628 (98.4)

T3b 30 (0.8)

T4a 28 (0.8)

N Stage

N0 2510 (68.1)

N1a 920 (25.0)

N1b 256 (6.9)

M Stage

M0 3860 (99.8)

M1 6 (0.2)

Abbreviations: IQR, interquartile range; CLT, chronic lymphocytic thyroiditis;

ETE, extrathyroidal extension; LVI, lymphovascular invasion.
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postoperative histopathological examinations, tumor loca-

tions on the thyroid gland were divided into four parts:

upper third, middle third, lower third, and isthmus.

Univariate analysis performed on the solitary PTMC

group showed that CLNM was not significantly associated

with tumor location (P =0.231) (Table 4). However, for

patients with LLNM, there was a significant association (P

<0.001) (Table 5). Lesions located in the upper third of the

thyroid gland were prone to LLNM, with a metastasis rate

of 10.9% (67/615).

Discussion
In this retrospective study, we analyzed clinicopathological

features of 3686 PTMC patients and evaluated the risk factors

for CLNM and LLNM. Similar to that in previous studies, the

prevalence of CLNM in the present study was 30.2% (1114/

3686), and that of LLNM was 6.9% (256/3686).

Some characteristics, such as multifocality and bilater-

ality, have been regarded as independent predictors of

CLNM and LLNM in other studies.4–6,8–10 In our study,

however, bilaterality was not an independent predictor of

either of these forms of LNM, whereas multifocality was

only an independent predictor of CLNM, but not of

LLNM.

Previous reports have shown that male gender was

a risk factor for poor prognosis in PTC. In the present

study, male gender was one of the independent risk factors

for cervical LNM. Although male gender is associated

Table 2 Risk Factors for CLNM in PTMC Patients

Variables CLNM- CLNM+ P value Multivariate Analysis P value

n=2572 (%) n=1114 (%) OR (95% CI)

Gender <0.001 <0.001

Female 2011 (78.2) 789 (70.8) 1

Male 561 (21.8) 325 (29.2) 1.420 (1.195–1.687)

Age (year) <0.001 <0.001

<55 1828 (71.1) 930 (83.5) 2.128 (1.756–2.580)

≥55 744 (28.9) 184 (16.5) 1

Tumor size (mm) <0.001 <0.001

≤6.5 1562 (60.7) 420 (37.7) 1

>6.5 1010 (39.3) 694 (62.3) 2.112 (1.811–2.463)

CLT 0.234

Absent 1687 (65.6) 708 (63.6)

Present 885 (34.4) 406 (36.4)

LVI <0.001 0.016

Absent 2552 (99.2) 1074 (96.4) 1

Present 20 (0.8) 40 (3.6) 2.110 (1.148–3.877)

Multifocality <0.001 0.022

Absent 1952 (75.9) 747 (67.1) 1

Present 620 (24.1) 367 (32.9) 1.358 (1.045–1.765)

Bilaterality <0.001 0.890

Absent 2164 (84.1) 857 (76.9) 1

Present 408 (15.9) 257 (23.1) 0.979 (0.724–1.323)

ETE <0.001 <0.001

Absent 2042 (79.4) 737 (66.2) 1

Present 530 (20.6) 377 (33.8) 1.598 (1.348–1.894)

LLNM <0.001 <0.001

Absent 2510 (97.6) 920 (82.6) 1

Present 62 (2.4) 194 (17.4) 6.383 (4.686–8.696)

Abbreviations: CLNM, central lymph node metastasis; CLT, chronic lymphocytic thyroiditis; LVI, lymphovascular invasion; ETE, extrathyroidal

extension; LLNM, lateral lymph node metastasis.
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with aggressiveness of PTMC, whether it affects the prog-

nosis of PTMC patients remains uncertain. In a study that

included 18,445 PTMC patients, Yu et al reported that

male gender was an independent prognostic factor of over-

all survival for PTMC patients.11 However, there are con-

flicting reports. Lee et al adapted propensity score

matching analysis to investigate the prognostic role of

male gender in PTMC, and their study concluded that it

was not an independent prognostic factor for PTMC

patients.12

Previous studies demonstrated that PTMC with a larger

tumor size might be biologically more similar to PTC.13

However, the definition of PTMC (PTC measuring

≤10 mm in diameter) is still undecided. Therefore, estab-

lishing the most appropriate tumor size of PTMC to dis-

tinguish it from PTC is conducive toward determining the

optimal treatment strategy. Some studies have reported

that tumors ≤5 mm are less prone to invasiveness, while

others have shown cut-offs of 6, 7, or 8 mm.16,17 Using

ROC curve analysis, Gong et al determined 8.5 mm as

Table 3 Risk Factors for LLNM in PTMC Patients

Variables LLNM- LLNM+ P value Multivariate Analysis P value

n=3430 (%) n=256 (%) OR (95% CI)

Gender <0.001 0.001

Female 2632 (76.7) 168 (65.6) 1

Male 798 (23.3) 88 (34.4) 1.668 (1.234–2.254)

Age (year) 0.207

<55 2558 (74.6) 200 (78.1)

≥55 872 (25.4) 56 (21.9)

Tumor size (mm) <0.001 <0.001

≤6.5 1915 (55.8) 67 (26.2) 1

>6.5 1515 (44.2) 189 (73.8) 2.223 (1.638–3.018)

CLT 0.026 0.021

Absent 2245 (65.5) 150 (58.6) 1

Present 1185 (34.5) 106 (41.4) 1.402 (1.053–1.867)

LVI <0.001 <0.001

Absent 3394 (99.0) 232 (90.6) 1

Present 36 (1.0) 24 (9.4) 4.582 (2.510–8.365)

Multifocality <0.001 0.308

Absent 2549 (74.3) 150 (58.6) 1

Present 881 (25.7) 106 (41.4) 1.279 (0.797–2.050)

Bilaterality <0.001 0.300

Absent 2847 (83.0) 174 (68.0) 1

Present 583 (17.0) 82 (32.0) 1.308 (0.787–2.173)

ETE <0.001 0.023

Absent 2627 (76.6) 152 (59.4) 1

Present 803 (23.4) 104 (40.6) 1.393 (1.046–1.854)

CLNM <0.001 <0.001

Absent 2510 (73.2) 62 (24.2) 1

Present 920 (26.8) 194 (75.8) 6.212 (4.576–8.433)

No. CLNs involved > 3 <0.001*

Absent 756 (82.2) 110 (56.7)

Present 164 (17.8) 84 (43.3)

Note: *This P value means the difference between two groups in patients with CLNM.

Abbreviations: LLNM, lateral lymph node metastasis; CLT, chronic lymphocytic thyroiditis; LVI, lymphovascular invasion; ETE, extrathyroidal

extension; CLNM, central lymph node metastasis; CLNs, central lymph nodes.
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a favorable tumor size to distinguish PTMC from PTC.13

In the current study, we assessed tumor size by ROC curve

analysis and found that primary tumor size (>6.5 mm) was

significantly associated with CLNM.

ETE is stratified into minimal ETE (mETE), identified

by histopathological examinations, and gross ETE (gETE),

detected by intraoperative findings.14,18 The reported inci-

dence rate of ETE ranges from 5% to 55% in PTMC,

which is associated with LNM and disease recurrence.

According to the eighth edition of the AJCC cancer sta-

ging system, gETE significantly affects the prognosis of

patients, while mETE no longer applies to tumor staging

for PTC.14,18,19 In the present study, 907 (24.6%) patients

exhibited ETE, and ETE was identified as an independent

risk factor for cervical LNM.

Previous studies have shown an association between

tumor location and cervical LNM.10,16,17 Zhang et al

reported that tumor location in the lower third or isthmus

of the thyroid gland was correlated with CLNM.16 Back

et al showed that lesions located in the upper pole of the

thyroid gland had a high probability of LLNM in PTMC

patients, which is consistent with our results from the

current study.10

Although CLNM is not considered to decrease the dis-

ease-free survival in PTMC, it has been illustrated to be

significantly related to LLNM in many studies, including

our current study.4,9,10 The incidence rate of skip metastasis

ranges from 6.8% to 27.8% in PTC with LLNM.15,20 In our

study, skip metastasis was present in 62 out of 256 patients

with LLNM (24.2%), which is a higher rate than in most

other studies. The reasonmay be that all patients enrolled had

PTMC, which is considered a risk factor for skip

metastasis.20 Furthermore, our results demonstrated that

roughly one-third (84/248) of patients with more than three

central LNs had LLNM. For such patients, we recommend

close observation and strict evaluation in the perioperative

period. CLNM is the most common, however, prophylactic

CLND remains controversial due to several associated surgi-

cal complications, like hypoparathyroidism and recurrent

laryngeal nerve injury.21,22 2015 American Thyroid

Association (ATA) guidelines recommend prophylactic

CLND for patients with T3 and T4 primary tumors without

evidence of nodal metastases or with known lateral lymph

node metastasis and it is appropriate to not perform

a prophylactic CLND for T1 or T2 tumors.2

Recently, genetic analysis yielded insights into gene

mutations, signaling pathways, and biological functions

playing a role in thyroid cancer.23,24 In our previous

study, we described somatic mutations of key genes

related to PTMC aggressiveness.23 We found that muta-

tional burden was greater in tumors with aggressive fea-

tures, which means that the accumulation of mutations

Table 4 Relationship Between Tumor Locations and CLNM in Solitary PTMC

CLNM- CLNM+ χ2 P value Metastasis Rate (%)

n=1952 (%) n=747 (%)

Tumor locations 4.299 0.231

Upper third 438 (22.4) 177 (23.7) 177/615 (28.8)

Middle third 903 (46.3) 316 (42.3) 316/1219 (25.9)

Lower third 507 (26.0) 217 (29.0) 217/724 (30.0)

Isthmus 104 (5.3) 37 (5.0) 37/141 (26.2)

Abbreviation: CLNM, central lymph node metastasis.

Table 5 Relationship Between Tumor Locations and LLNM in Solitary PTMC

LLNM- LLNM+ χ2 P value Metastasis Rate (%)

n=2549 (%) n=150 (%)

Tumor locations 47.180 <0.001

Upper third 548 (21.5) 67 (44.7) 67/615 (10.9)

Middle third 1161 (45.5) 58 (38.7) 58/1219 (4.8)

Lower third 705 (27.7) 19 (12.7) 19/724 (2.6)

Isthmus 135 (5.3) 6 (4.0) 6/141 (4.3)

Abbreviation: LLNM, lateral lymph node metastasis.
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may promote ETE and nodal metastasis. The rate of the

BRAFV600E mutation is about 30–67% for PTMC, the

highest mutation rate we identified in PTMC. This muta-

tion has been demonstrated to be correlated with multi-

focality, ETE, nodal metastasis, and recurrence.25 We

started BRAFV600E mutation analysis at our medical center

in 2015; however, considering cost, it is not routinely

performed for cases of PTMC. Therefore, the BRAFV600E

mutation rate was not included in the present study, and its

correlation to cervical LNM was not determined.

However, the 2015 ATA guidelines stated that BRAF

mutational evaluation appears to have a limited impact in

clinical practice.2

This study has several limitations. First, there is a potential

selection bias due to the nature of a nonrandomized, retro-

spective study conducted in a single center. Second, the mea-

sured incidence of LLNM may be underestimated, because

LLNDwas performed only for patients with clinically apparent

nodal metastasis in this study; therefore, there is the possibility

of subclinical LLNM. Third, the current study did not include

molecular analysis of enrolled patients. Future research is

needed to investigate the significance of these factors.

Conclusion
In conclusion, in the present study, we showed that male

gender, age less than 55 years, tumor size larger than

6.5 mm, presence of LVI, multifocality, ETE and LLNM

were independent risk factors for CLNM. Furthermore,

male gender, tumor size larger than 6.5 mm, CLT, LVI,

ETE, and CLNM were factors that conferred an increased

risk of LLNM. Notably, patients with solitary PTMC

located in the upper third of the thyroid gland were likely

to have LLNM. Therefore, meticulous evaluation of nodal

metastasis is required in order to guide the surgical treat-

ment of PTMC patients in clinical practice.
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