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Risk factors of cervical lymph
node metastasis in multifocal
papillary thyroid cancer

Ting Zhang, Liang He, Zhihong Wang, Wenwu Dong,
Wei Sun, Ping Zhang and Hao Zhang*

Department of Thyroid Surgery, The First Hospital of China Medical University, Shenyang,
Liaoning, China
Introduction: Identifying risk variables for cervical lymph node metastases in

multifocality papillary thyroid cancer (MPTC) could assist surgeons in

determining whether cervical lymph node dissection would be an

appropriate surgical option.

Methods: A retrospective cohort of 2006 patients with papillary thyroid cancer

were selected. MPTC (N = 460) was defined as the presence of two or more

foci of PTC. The risk factors for central lymph node metastasis (CLNM) and

lateral lymph node metastasis (LLNM) in MPTC were investigated by univariate

and multivariate analyses, including the following items: age at diagnosis,

gender, Hashimoto’s thyroiditis, extrathyroidal extension (ETE), maximal axial

diameter (MAD) and the sum of axial diameters (SAD) of tumor. In addition,

CLNM was used to evaluate LLNM.

Results: The incidence of CLNM and LLNM was 44.57% and 17.17%,

respectively. The multivariate analysis demonstrated that gender,

extrathyroidal extension (ETE), age, maximal axial diameter (MAD), and the

sum of axial diameters (SAD) were related to increased risk for CLNM in MPTC

(p < 0.05). The area under the receiver operating characteristic (ROC) curve

(AUC) for age at diagnosis of CLNM was 0.647, the cut-off value was 50 years

old. Additionally, by multivariate analysis, CLNM, ETE, MAD, and SAD were

independent risk factors for LLNM in MPTC (p < 0.05). ROC curve analysis

demonstrates that AUC for MAD and SAD diagnosis of LLNM were 0.639 and

0.757, and the cut-off values were 16 and 26 mm, respectively.

Conclusions: MPTC patients who have risk factors for CLNM were advised to

perform prophylactic central lymph node dissection (CLND). Additionally, the
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presence of risk factors for LLNM should be individually evaluated and analyzed

for the necessity of lateral lymph node dissection.
KEYWORDS

multifocal PTC, risk factors, central lymph node metastasis, lateral lymph node
metastasis, axial diameters
Introduction

Papillary thyroid cancer (PTC) is the most common thyroid

malignancy with a high tendency of lymph node metastasis (1).

PTC is characterized by multifocality. Multifocal PTC (MPTC)

is defined as PTC with two or more anatomically separate

(noncontiguous) foci within the thyroid gland that involve

either a single thyroid lobe (unilateral disease) or both lobes

(bilateral disease) (2). Clinically, the prevalence of MPTC ranges

from 18% to 87%, depending on epidemiological factors (3). The

condition has a decent prognosis, with surgery as the primary

treatment option.

Nevertheless, it is well-established that PTC has a strong

tendency for lymph node metastasis. Approximately 20% to

90% of PTC patients will have clinical or occult cervical lymph

node involvement (4). Lymph node metastasis in PTC follows a

predictable pattern. Most commonly, tumor cells typically

metastasize to lymph nodes of the central neck compartment

(level VI), followed by those of the lateral neck (levels II, III,

and IV) (5). Current knowledge suggests that cervical lymph

node metastasis is the most crucial variable to increase the risk

of local recurrence and overall survival (6). Our recent study

(7) and studies by others (8, 9) have suggested that MPTC

increases the risk of cervical lymph node metastasis. Cervical

lymph node metastasis is often accompanied with a poor

prognosis, including distant metastasis and persistent or

recurrent disease.

Due to the increased incidence of complications such as

recurrent laryngeal nerve injury, hypoparathyroidism, and

others in the first operation or reoperation of central lymph

node dissection (CLND) in recurring cases, it remains

controversial whether CLND should be performed routinely in

the initial operation (10, 11). The American Thyroid Association

(ATA) recommends therapeutic cervical lymph node dissections

in patients with clinical evidence of lymph node involvement.

Although prophylactic cervical lymph node dissection is

recommended, its usefulness remains largely controversial

because of the lack of high-quality, evidence-based study (4).

Identifying the risk factors of cervical lymph node

metastasis in MPTC could help surgeons evaluate the clinical
02
status of individuals with PTC and determine whether CLND

or/and lateral lymph node dissection (LLND) would be an

appropriate surgical option (12, 13). However, few studies have

evaluated lymph node metastasis in MPTC, especially the risk

factors of cervical lymph node metastasis in MPTC are rarely

mentioned. This study performed a retrospective analysis to

identify the risk factors of central lymph node metastasis

(CLNM) and lateral lymph node metastasis (LLNM) in

MPTC. The results of the study will help inform clinical

decision-making.
Materials and methods

Data collection

This retrospective analysis was conducted in PTC patients

(N = 2006) who underwent initial surgery from January 1, 2016,

to December 31, 2016, at the Department of Thyroid Surgery,

the First Hospital of China Medical University. The study

included patients who met the following criteria at initial

thyroid surgery: all patients had a preoperative examination.

Those who underwent neck surgery, radiation exposure, a

definite or suspected family history of PTC, and incomplete

medical records were excluded. Patients who underwent

thyroidectomy or total thyroidectomy with ipsilateral or

bilateral central compartment. Additionally, lateral neck

dissection was performed during surgery for N1b patients.

In the present study, MPTC (N = 460) was defined as the

presence of two or more foci of PTC. For patients with

multifocality, each focus was recorded separately. All patients

had a preoperative examination (within 1 week), including

thyroid and neck lymph node ultrasound, enhanced neck

computed tomography, preoperative fine-needle aspiration

biopsy (some patients), and Tg detection of lymph node

aspiration biopsy eluent (some patients). We can preliminarily

evaluate whether it is a single focus or multiple focus, and lymph

node is metastasis or not. In addtion, intraoperative frozen

section (tumor focus and central lymph node) were confirmed

the diagnosis of the multifocal tumor and/or CLNM during
frontiersin.org

https://doi.org/10.3389/fonc.2022.1003336
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.1003336
primary operation. Therefore, we perform prophylactic central

lymph node dissection (CLND) in all PTC patients and selective

latal lymph node dissection (LLND) in LLNM. The histologic

diagnosis was classified according to the World Health

Organization system. Specimen were reviewed by two

experienced pathologists in a blinded fashion, who confirmed

the diagnosis of PTC and the number of tumor foci. Two senior

pathologists used a systematic technique to determine the

presence or absence of lymph node metastases in

postoperative pathology findings. Postoperative pathology was

also used to identify Hashimoto’s thyroiditis.

We analyzed the risk factors for CLNM, including the

following items: age at diagnosis, gender, Hashimoto’s

thyroiditis, ETE, tumor diameter, including maximal axial

diameter (MAD) and the sum of axial diameters (SAD) of

tumor, respectively. SAD refers to the sum of all tumor focus

axial diameters in MPTC. In addition to the above clinical

features and tumor histological characteristics, CLNM and

LLNM was evaluated.
Statistical analysis

The data were analyzed through IBM SPSS 23.0 statistical

software package (SPSS Inc., Chicago, IL, USA). Categorical

variables were presented as the number of observations and

percentages, while continuous variables were expressed as means

± standard deviation. Univariate analysis was performed using

chi-square tests or Fisher exact tests for categorical variables.

Student’s t-test was used for normally distributed data, and

Mann–Whitney U-test was used for continuous variables that

were not normally distributed. Multivariate logistic regression

analyses were utilized to confirm the results obtained for

independent predictive factors associated with the risk of

CLNM and LLNM in MPTC. The diagnostic potential of

independent variables was determined by receiver operating

characteristic (ROC) analyses and was expressed as the area

under ROC curve (AUC). The sensitivity, specificity, and

Youden index were also calculated. All values with a

probability (p) < 0.05 were considered statistically significant.
Results

A total of 2006 patients with PTC were selected for the study.

Of these, 460 have multifocal PTC and were included in the

study. Multifocal PTC is more likely to have CLNM and LLNM

than unifocal PTC. The incidence of CLNM and LLNM was

33.05% (511/1546) and 9.89% (153/460) in unifocal PTC.

However, the incidence is 44.57% (205/460) and 17.17% (79/

460) in MPTC. There were 79 patients with LLNM, and 10

(2.17%) had no CLNM.
Frontiers in Oncology 03
We divided the 460 patients into two groups based on

CLNM: 255 without CLNM and 205 with CLNM (Table 1).

On the univariate analysis, gender, ETE, mean age, MAD and

SAD were significantly correlated with CLNM (p < 0.05;

Table 2). However, Hashimoto’s thyroiditis is not significant.

To determine how strongly those factors were associated with

CLNM, the multivariable logistic regression model was

performed. It was demonstrated that gender (OR, 0.482; 95%

CI, 0.293–0.792), ETE (OR, 0.325; 95% CI, 0.182–0.579), and age

(OR, 1.049; 95% CI, 1.029–1.069) but MAD (OR, 0.988; 95% CI,

0.939–1.039), and SAD (OR, 0.982; 95% CI, 0.95–1.014) were

related to increased risk for MPTC (p < 0.05; Table 3). Because

age is a continuous variable, ROC curve analysis revealed that

the AUC for age at diagnosis of CLNM was 0.647. The cut-off

value was 50 years old, and the sensitivity and specificity were

47.8% and 76.1%, respectively, with a Youden index of

0.239 (Figure 1A).

The 460 patients were also divided into two groups based on

LLNM: 381 without LLNM and 79 with LLNM (Table 1). On

univariate analysis, gender, ETE, age, CLNM, MAD and SAD

were significantly correlated with LLNM (p < 0.05; Table 4).

However, Hashimoto’s thyroiditis wss insignificant. To

determine how strongly those factors were associated with

LLNM, the multivariable logistic regression model was

performed. The result showed that CLNM (OR, 0.118; 95% CI,

0.055–0.251), ETE (OR, 0.388; 95% CI, 0.193–0.778), MAD (OR,

1.125; 95% CI, 1.06–1.194), and SAD (OR, 0.89; 95% CI, 0.855–

0.926) but gender (OR, 0.665; 95% CI, 0.338–1.308), and age

(OR, 1.017; 95% CI, 0.99–1.044) were an independent risk factor

for LLNM in MPTC (p < 0.05; Table 5). Because MAD and SAD

were continuous variable, ROC curve analysis indicated that the

AUC for MAD (Figure 1B) and SAD (Figure 1C) at diagnosis of

LLNM were 0.639 and 0.757, respectively. The cut-off values

were 16 and 26 mm. The sensitivity and specificity for MAD

diagnosis of LLNM were 44.3% and 78.2%, with a Youden index

of 0.225. The sensitivity and specificity for SAD diagnosis of

LLNM were 64.6% and 76.4%, with a Youden index of

0.41, respectively.
Discussion

Although PTC is generally thought to be a tumor with an

excellent prognosis, some studies described patients with very

aggressive or fatal cases of MPTC (14, 15). CLNM and LLNM

are common in MPTC, and surgically overlooked cervical lymph

node metastasis is a major cause of tumor recurrence (16). It is

well-established that PTC has a high tendency for cervical lymph

node metastasis. Up to one-third of patients have clinically

detectable lymph node involvement on initial presentation

(17). Of patients with no detectable nodal disease on

examination, an estimated 80% will have micro metastatic
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lymph node disease on postoperative pathologic examination

(18). Lymph node metastasis in PTC increases the chance of

local disease recurrence (19).

Although many studies have identified nodal disease as a

poor prognostic factor for long-term patient survival, this

remains controversial (20, 21). Some scholars (22–25)

advocate routine CLND to prevent a future recurrence. It was

reported that removing positive lymph nodes and accurate

staging are critical for the initial surgery, which is closely

associated with reducing postoperative thyroglobulin (Tg)

levels, and a lower morbidity rate. However, other studies (26,

27) suggest that this procedure increases the rate of

complications, without providing any demonstrable benefits in
Frontiers in Oncology 04
terms of long-term survival. Our previous studies confirmed that

multifocality of PTC is a risk factor of disease recurrence and

poor prognosis. There is a higher incidence of lymph node

metastasis in multifocal PTC than unifocal PTC. Predictive

factors for CLNM and LLNM in MPTC might be helpful for

clinicians to evaluate the clinicopathological status of PTC and

help surgeons for clinical decision-making (7).

This study focuses on the association of MPTC with

CLNM and LLNM. It was revealed that CLNM and LLNM

rate were 44.57% and 17.17% in MPTC, respectively. Several

studies have reported risk factors of CLNM associated with

multifocality and bilaterality, but few studies evaluated these

characteristics concerning the recommended surgical
TABLE 3 Multivariate analysis of factors associated with CLNM.

SE c2 p-value OR 95% CI

Gender (male) 0.254 8.286 0.004 0.482 0.293 0.792

ETE 0.295 14.538 0 0.325 0.182 0.579

Age 0.01 23.776 0 1.049 1.029 1.069

MAD 0.026 0.238 0.626 0.988 0.939 1.039

SAD 0.017 1.255 0.263 0.982 0.95 1.014

constant 0.474 4.492 0.034 0.366 – –
frontiersi
central lymph node metastasis (CLNM), extrathyroidal extension (ETE), maximal axial diameter (MAD), the sum of axial diameters (SAD).
TABLE 1 Number of CLNM and LLNM in MPTC.

CLNM p-value LLNM p-value

+ - + -

Multifocality + 205 255 0.000 79 381 0.000

– 511 1035 153 1393
central lymph node metastasis (CLNM), lateral lymph node metastasis (LLNM).
+ means metastasis, - means no metastasis.
TABLE 2 Univariate analysis of the clinical and pathological factors associated with CLNM.

CLNM p-value

+ -

Gender 0.000

Male 56 36

Female 149 219

Hashimoto’s thyroiditis 0.145

Yes 81 118

No 124 137

ETE 0.000

+ 45 23

– 160 232

Age 42.11 ± 11.18 47.50 ± 10.55 0.000

MAD 15.93 ± 9.49 12.50 ± 8.35 0.000

SAD 26.00 ± 14.63 20.59 ± 13.05 0.000
central lymph node metastasis (CLNM), extrathyroidal extension (ETE), maximal axial diameter (MAD), the sum of axial diameters (SAD).
+ means metastasis, - means no metastasis.
n.org
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TABLE 4 Univariate analysis of the clinical and pathological factors that could be associated with LLNM.

LLNM p-value

+ -

Gender 0.011

Male 24 68

Female 55 313

Hashimoto’s thyroiditis 0.529

Yes 36 159

No 43 222

ETE 0.001

+ 25 43

– 54 338

CLNM 0.000

+ 69 136

– 10 245

age 43.73 ± 11.57 46.20 ± 10.69 0.018

MAD 17.27 ± 11.72 12.88 ± 7.89 0.002

SAD 33.45 ± 16.34 21.00 ± 11.86 0.000
Frontiers in Oncology
 fronti05
lateral lymph node metastasis (LLNM), central lymph node metastasis (CLNM), extrathyroidal extension (ETE), maximal axial diameter (MAD), the sum of axial diameters (SAD).
+ means metastasis, - means no metastasis.
TABLE 5 Multivariate analysis of factors associated with LLNM.

SE c2 p-value OR 95% CI

Gender (male) 0.345 1.398 0.237 0.665 0.338 1.308

ETE 0.355 7.106 0.008 0.388 0.193 0.778

CLNM 0.387 30.587 0 0.118 0.055 0.251

Age 0.013 1.548 0.213 1.017 0.99 1.044

MAD 0.03 15.06 0 1.125 1.06 1.194

SAD 0.02 33.506 0 0.89 0.855 0.926

constant 0.776 24.686 0 47.165 – –
ersi
lateral lymph node metastasis (LLNM), extrathyroidal extension (ETE), maximal axial diameter (MAD), the sum of axial diameters (SAD).
A B C

FIGURE 1

(A) Diagnostic value of age. The area under ROC curve was 0.647 (95% confidence interval = 0.597–0.697, p < 0.005); (B) Diagnostic value of
maximal axial diameter (MAD). The area under ROC curve was 0.639 (95% confidence interval = 0.573–0.705, p < 0.005); (C) Diagnostic value
of sum of axial diameters (SAD). The area under ROC curve was 0.757 (95% confidence interval = 0.699–0.815, p < 0.005).
n.org
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procedure. In recent studies, the prevalence of CLNM was 8%

- 77% in MPTC (8, 28, 29), and 17% - 61% in LLNM (30, 31),

which were similar to our results. Thus, CLND should be

considered, and LLND must be evaluated carefully,

particularly in patients with high-risk factors or suspected

metastasis during the preoperative assessment in MPTC.

The presence of CLNM is significantly associated with gender,

ETE, age, and tumor diameter in MPTC. Most studies (32–34)

indicated that males, ETE, and young people are independent risk

factors of CLNM. In our study, the proportion of CLNM in females

was substantially lower than that in males. In addition, multivariate

analysis confirmed that male is an independent risk factor of

CLNM. Similarly, univariate and multivariate analyses

demonstrated that ETE and young age were also significantly

associated with CLNM in MPTC. The prevalence of CLNM was

60.87% (56/92) in males and 40.49% (149/368) in females. The

prevalence of CLNM was 66.18% (45/68) in ETE and 40.82% (160/

392) in non-ETE. The average age of CLNM and non-CLNM

groups are 42.11 and 47.50, respectively. According to our study, for

patients with age ≤ 50, the specificity and sensitivity were 76.1% and

47.8%, respectively. As the age decreased, the prevalence of CLNM

rapidly increased, which provides reference for the decision on

whether to perform CLND. On the other hand, recurrent laryngeal

nerve injury and hypoparathyroidism may happen during

operation, and CLND should be avoided when the risk factors of

CLNM are excluded in MPTC.

We distinguished the clinical risk factors for LLNM in

MPTC. Some authors suggested that gender and age are

significant risk factors for LLNM in MPTC (35, 36). In our

study, univariate analysis showed that gender, age, CLNM, ETE,

MAD and SAD were classified as risk factors of LLNM inMPTC.

Unfortunately, CLNM, ETE, MAD and SAD, not gender and

age, were independent risk factors for the presence of LLNM by

multivariate analysis. According to our study, when MAD ≥

16 mm, the specificity and sensitivity were 78.2% and 44.3%,

respectively. Similarly, when SAD ≥ 26 mm, the specificity and

sensitivity were 76.4% and 64.6%, respectively. Moreover, the

prevalence of LLNM rapidly increased with increasing MAD or

SAD. Consequently, clinicians should choose more aggressive

initial treatment and closer follow-up for MPTC with MAD ≥

16 mm or SAD ≥ 26 mm, and more attention should be paid to

LLNM and recurrence/persistence during the follow-up.

The present study discovered that ETE is a risk factor for

CLNM and LLNM in MPTC. However, Hashimoto’s thyroiditis

was not classified as a risk factor for CLNM and LLNM, which

was inconsistent with published results (37, 38). This

discrepancy might be caused by differences in the selection

criteria and study designs. The univariate analysis revealed

that MAD and SAD differed between CLNM and non-CLNM

in MPTC. Still, we did not observe any difference between

CLNM and non-CLNM in multivariate analysis.
Frontiers in Oncology 06
Similarly, the univariate analysis showed that gender and age

differed between LLNM and non-LLNM in MPTC. Nonetheless,

we did not observe any difference between LLNM and non-

LLNM in multivariate analysis, possibly due to the small sample

size in one year, which will be increased in future studies.

To the best of our knowledge, this is the first study that

reported that age at diagnosis is associated with increased CLNM

susceptibility and tumor diameter increased LLNM

susceptibility in MPTC. Our results revealed that the mean age

of CLNM was lower than that of non CLNM in MPTC.

Additionally, MAD and SAD of LLNM were more significant

than that of non LLNM in MPTC. ROC curve revealed that age

and tumor diameter have potential diagnostic significance in

CLNM and LLNM in MPTC. Thus, combined use of

clinicopathological biomarkers with other imaging techniques

and fine-needle aspiration cytological results should be used to

optimize the diagnosis in MPTC.

There are several limitations in this study. 1) We did not use

other diagnostic techniques such as FNA to evaluate lymph node

characteristics. We will analyze such specimens as FNA is used

routinely in our clinical practice. 2) We did not perform elective

lateral lymph node dissection in all PTMC patients. 3) We did

not investigate the association between the number of foci

detected and CLNM and LLNM in MPTC. Only patients with

highly suspicious imaging evidence or cytologically confirmed

lateral lymph node metastasis had lateral lymph node dissection

performed. Finally, our study was constrained by its

retrospective design and limited number of MPTC. Another

limitation of our study was its single-center analysis. Multicenter

and large cohort studies should be performed to validate the risk

factors for MPTC.
Conclusions

Our study identified the risk factors of CLNM and LLNM in

MPTC patients. MPTC patients who are male and of young age at

preoperative evaluation, or ETE during the intraoperative

evaluation were recommended to perform prophylactic CLND,

particularly in those patients with age ≤50. The presence of ETE,

CLNM, a larger size MAD (≥ 16 mm), or SAD (≥ 26 mm) could

help surgeons evaluate the lateral lymph node status of MPTC

patients and further analyze the necessity of LLND individually for

these patients.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1003336
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.1003336
Ethics statement

The study protocol was approved by the Institutional Review

Board of the First Affiliated Hospital of China Medical

University and was in compliance with the Helsinki

Declaration (AF-SOP-07-1.0-01). The same group of surgeons

performed all procedures. The patients/participants provided

their written informed consent to participate in this study.

Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data

included in this article.
Author contributions

HZ: substantial contributions to the conception or design of the

work. TZ: drafting the work or revising it critically for important

intellectual content. LH: the acquisition of data for the work. WS:

the analysis of data for the work. ZW: the acquisition of data for the

work. WD: the interpretation of data for the work. PZ: final

approval of the version to be published. All authors contributed

to the article and approved the submitted version.
Frontiers in Oncology 07
Funding

This work was supported by the Scientific Research

Foundation of The Education Department of Liaoning

Province, China (grant no. QNZR2020009).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Al Afif A, Williams BA, Rigby MH, Bullock MJ, Taylor SM, Trites J, et al.
Multifocal papillary thyroid cancer increases the risk of central lymph node
metastasis. Thyroid (2015) 25:1008–12. doi: 10.1089/thy.2015.0130

2. Kim HJ, Sohn SY, Jang HW, Kim SW, Chung JH. Multifocality, but not
bilaterality, is a predictor of disease recurrence/persistence of papillary thyroid
carcinoma. World J Surg (2013) 37:376–84. doi: 10.1007/s00268-012-1835-2

3. Genpeng L, Jianyong L, Jiaying Y, Ke J, Zhihui L, Rixiang G, et al.
Independent predictors and lymph node metastasis characteristics of multifocal
papillary thyroid cancer. Medicine (2018) 97:e9619. doi: 10.1097/
MD.0000000000009619

4. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 American Thyroid association management guidelines for adult patients
with thyroid nodules and differentiated thyroid cancer: The American thyroid
association guidelines task force on thyroid nodules and differentiated thyroid
cancer. Thyroid (2016) 26:1–133. doi: 10.1089/thy.2015.0020

5. Pisani P, Airoldi M, Allais A, Aluffi Valletti P, Battista M, Benazzo M, et al.
Metastatic disease in head & neck oncology. Acta Otorhinolaryngol Ital (2020) 40:
S1–S86. doi: 10.14639/0392-100X-suppl.1-40-2020

6. Leboulleux S, Rubino C, Baudin E, Caillou B, Hartl DM, Bidart JM, et al.
Prognostic factors for persistent or recurrent disease of papillary thyroid carcinoma
with neck lymph node metastases and/or tumor extension beyond the thyroid
capsule at initial diagnosis. J Clin Endocrinol Metab (2005) 90:5723–9. doi: 10.1210/
jc.2005-0285

7. Zhang T, He L, Wang Z, Dong W, Sun W, Zhang P, et al. The differences
between multifocal and unifocal papillary thyroid carcinoma in unilateral lobe: A
meta-analysis. Front Oncol (2021) 11:657237. doi: 10.3389/fonc.2021.657237

8. Li X, Zhao C, Hu D, Yu Y, Gao J, Zhao W, et al. Hemithyroidectomy
increases the risk of disease recurrence in patients with ipsilateral multifocal
papillary thyroid carcinoma. Oncol Lett (2013) 5:1412–6. doi: 10.3892/ol.2013.1202

9. Woo J, Kwon H. Optimal surgical extent in patients with unilateral multifocal
papillary thyroid carcinoma. Cancers (2022) 14:432. doi: 10.3390/cancers14020432

10. Calò PG, Pisano G, Medas F, Marcialis J, Gordini L, Erdas E, et al. Total
thyroidectomy without prophylactic central neck dissection in clinically node-
negative papillary thyroid cancer: is it an adequate treatment? World J Surg Oncol
(2014) 12:152. doi: 10.1186/1477-7819-12-152
11. Ahn SH, Hong HJ, Kwon SY, Kwon KH, Roh JL, Ryu J, et al. Guidelines for
the surgical management of laryngeal cancer: Korean society of thyroid-head and
neck surgery. Clin Exp Otorhinolaryngol (2017) 10:1–43. doi: 10.21053/
ceo.2016.01389

12. Krajewska J, Kukulska A, Oczko-Wojciechowska M, Kotecka-Blicharz A,
Drosik-Rutowicz K, Haras-Gil M, et al. Early diagnosis of low-risk papillary thyroid
cancer results rather in overtreatment than a better survival. Front Endocrinol
(2020) 11:571421. doi: 10.3389/fendo.2020.571421

13. McDow AD, Pitt SC. Extent of surgery for low-risk differentiated thyroid
cancer. Surg Clin North Am (2019) 99:599–610. doi: 10.1016/j.suc.2019.04.003

14. Markovic I, Goran M, Besic N, Buta M, Djurisic I, Stojiljkovic D, et al.
Multifocality as independent prognostic factor in papillary thyroid cancer - a
multivariate analysis. J BUON (2018) 23:1049–54.

15. Machens A, Hauptmann S, Dralle H. Increased risk of lymph node
metastasis in multifocal hereditary and sporadic medullary thyroid cancer.
World J Surg (2007) 31:1960–5. doi: 10.1007/s00268-007-9185-1

16. Woo J, Kim H, Kwon H. Impact of multifocality on the recurrence of
papillary thyroid carcinoma. J Clin Med (2021) 10:5144. doi: 10.3390/jcm10215144

17. Lenzi R, Marchetti M, Muscatello L. Incidental nodal metastasis of
differentiated thyroid carcinoma in neck dissection specimens from head and
neck cancer patients. J Laryngol Otol (2017) 131:368–71. doi: 10.1017/
S002221511700024X

18. Gao X, LuoW, He L, Cheng J, Yang L. Predictors and a prediction model for
central cervical lymph node metastasis in papillary thyroid carcinoma (cN0). Front
Endocrinol (2021) 12:789310. doi: 10.3389/fendo.2021.789310

19. Joseph KR, Edirimanne S, Eslick GD. Multifocality as a prognostic factor in
thyroid cancer: A meta-analysis. Int J Surg (2018) 50:121–5. doi: 10.1016/
j.ijsu.2017.12.035

20. Shaha AR, Poorten VV, Tuttle RM. Multifocality in papillary thyroid
carcinoma-an unresolved controversy. Eur J Surg Oncol (2020) 46:1777–8.
doi: 10.1016/j.ejso.2020.06.026

21. Yan T, Qiu W, Song J, Ying T, Fan Y, Yang Z. Bilateral multifocality, a
marker for aggressive disease, is not an independent prognostic factor for papillary
thyroid microcarcinoma: A propensity score matching analysis. Clin Endocrinol
(2021) 95:209–16. doi: 10.1111/cen.14455
frontiersin.org

https://doi.org/10.1089/thy.2015.0130
https://doi.org/10.1007/s00268-012-1835-2
https://doi.org/10.1097/MD.0000000000009619
https://doi.org/10.1097/MD.0000000000009619
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.14639/0392-100X-suppl.1-40-2020
https://doi.org/10.1210/jc.2005-0285
https://doi.org/10.1210/jc.2005-0285
https://doi.org/10.3389/fonc.2021.657237
https://doi.org/10.3892/ol.2013.1202
https://doi.org/10.3390/cancers14020432
https://doi.org/10.1186/1477-7819-12-152
https://doi.org/10.21053/ceo.2016.01389
https://doi.org/10.21053/ceo.2016.01389
https://doi.org/10.3389/fendo.2020.571421
https://doi.org/10.1016/j.suc.2019.04.003
https://doi.org/10.1007/s00268-007-9185-1
https://doi.org/10.3390/jcm10215144
https://doi.org/10.1017/S002221511700024X
https://doi.org/10.1017/S002221511700024X
https://doi.org/10.3389/fendo.2021.789310
https://doi.org/10.1016/j.ijsu.2017.12.035
https://doi.org/10.1016/j.ijsu.2017.12.035
https://doi.org/10.1016/j.ejso.2020.06.026
https://doi.org/10.1111/cen.14455
https://doi.org/10.3389/fonc.2022.1003336
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.1003336
22. Mitchell AL, Gandhi A, Scott-Coombes D, Perros P. Management of thyroid
cancer: United kingdom national multidisciplinary guidelines. J Laryngol Otol
(2016) 130:S150–60. doi: 10.1017/S0022215116000578

23. Mukherjee A, Arnav S, Agarwal S, Sharma A, Saidha A. Prophylactic central
node dissection in differentiated thyroid cancer: A prospective tertiary care center
experience. Cancer Treat Res Commun (2020) 25:100228. doi: 10.1016/
j.ctarc.2020.100228

24. Hall CM, Snyder SK, Maldonado YM, Lairmore TC. Routine central lymph
node dissection with total thyroidectomy for papillary thyroid cancer potentially
minimizes level VI recurrence. Surgery (2016) 160:1049–58. doi: 10.1016/
j.surg.2016.06.042

25. Xing Z, Qiu Y, Li Z, Zhang L, Fei Y, Zhu J, et al. Predictors of thyroglobulin
in the lymph nodes recurrence of papillary thyroid carcinoma undergoing total
thyroidectomy. BMC Surg (2021) 21:53. doi: 10.1186/s12893-021-01063-z

26. Giordano D, Frasoldati A, Gabrielli E, Pernice C, Zini M, Castellucci A, et al.
Long-term outcomes of central neck dissection for cN0 papillary thyroid
carcinoma. Am J Otolaryngol (2017) 38:576–81. doi: 10.1016/j.amjoto.2017.06.004

27. Grsic K, Bumber B, Curic Radivojevic R, Leovic D. Prophylactic central neck
dissection in well-differentiated thyroid cancer. Acta Clin Croat (2020) 59:87–95.
doi: 10.20471/acc.2020.59.s1.11

28. Tam AA, Özdemir D, Çuhacı N, Bas ̧er H, Aydın C, Yazgan AK, et al.
Association of multifocality, tumor number, and total tumor diameter with
clinicopathological features in papillary thyroid cancer. Endocrine (2016) 53:774–
83. doi: 10.1007/s12020-016-0955-0

29. Kaliszewski K, Diakowska D, Wojtczak B, Migon J, Kasprzyk A, Rudnicki J.
The occurrence of and predictive factors for multifocality and bilaterality in
patients with papillary thyroid microcarcinoma. Medicine (2019) 98:e15609.
doi: 10.1097/MD.0000000000015609

30. Kim KJ, Kim SM, Lee YS, Chung WY, Chang HS, Park CS, et al. Prognostic
significance of tumor multifocality in papillary thyroid carcinoma and its
Frontiers in Oncology 08
relationship with primary tumor size: a retrospective study of 2,309 consecutive
patients. Ann Surg Oncol (2015) 22:125–31. doi: 10.1245/s10434-014-3899-8

31. Qu N, Zhang L, Wu WL, Ji QH, Lu ZW, Zhu YX, et al. Bilaterality weighs
more than unilateral multifocality in predicting prognosis in papillary thyroid
cancer. Tumour Biol (2016) 37:8783–9. doi: 10.1007/s13277-015-4533-5

32. Feng JW, Qu Z, Qin AC, Pan H, Ye J, Jiang Y, et al. Significance of
multifocality in papillary thyroid carcinoma. Eur J Surg Oncol (2020) 46:1820–8.
doi: 10.1016/j.ejso.2020.06.015

33. Harries V, Wang LY, McGill M, Xu B, Tuttle RM, Wong RJ, et al. Should
multifocality be an indication for completion thyroidectomy in papillary thyroid
carcinoma? Surgery (2020) 167:10–7. doi: 10.1016/j.surg.2019.03.031

34. Seok J, Ryu CH, Park SY, Lee CY, Lee YK, Hwangbo Y, et al. Factors
affecting central node metastasis and metastatic lymph node ratio in papillary
thyroid cancer. Otolaryngol Head Neck Surg (2021) 165:519–27. doi: 10.1177/
0194599821991465

35. Xu Y, Xu L, Wang J. Clinical predictors of lymph node metastasis and
survival rate in papillary thyroid microcarcinoma: analysis of 3607 patients at
a single institution. J Surg Res (2018) 221:128–34. doi: 10.1016/j.jss.2017.
08.007

36. Kaliszewski K, Diakowska D, Wojtczak B, Forkasiewicz Z, Pupka D, Nowak
Ł, et al. Which papillary thyroid microcarcinoma should be treated as "true cancer"
and which as "precancer"? World J Surg Oncol (2019) 17:91. doi: 10.1186/s12957-
019-1638-0

37. Wang L, Chen J, Yuan X, Wang J, Sun L, Jiang J, et al. Lymph node
metastasis of papillary thyroid carcinoma in the context of hashimoto's thyroiditis.
BMC Endocr Disord (2022) 22:12. doi: 10.1186/s12902-021-00923-2

38. Konturek A, Barczynski M, Nowak W, Wierzchowski W. Risk of lymph
node metastases in multifocal papillary thyroid cancer associated with hashimoto's
thyroiditis. Langenbecks Arch Surg (2014) 399:229–36. doi: 10.1007/s00423-013-
1158-2
frontiersin.org

https://doi.org/10.1017/S0022215116000578
https://doi.org/10.1016/j.ctarc.2020.100228
https://doi.org/10.1016/j.ctarc.2020.100228
https://doi.org/10.1016/j.surg.2016.06.042
https://doi.org/10.1016/j.surg.2016.06.042
https://doi.org/10.1186/s12893-021-01063-z
https://doi.org/10.1016/j.amjoto.2017.06.004
https://doi.org/10.20471/acc.2020.59.s1.11
https://doi.org/10.1007/s12020-016-0955-0
https://doi.org/10.1097/MD.0000000000015609
https://doi.org/10.1245/s10434-014-3899-8
https://doi.org/10.1007/s13277-015-4533-5
https://doi.org/10.1016/j.ejso.2020.06.015
https://doi.org/10.1016/j.surg.2019.03.031
https://doi.org/10.1177/0194599821991465
https://doi.org/10.1177/0194599821991465
https://doi.org/10.1016/j.jss.2017.08.007
https://doi.org/10.1016/j.jss.2017.08.007
https://doi.org/10.1186/s12957-019-1638-0
https://doi.org/10.1186/s12957-019-1638-0
https://doi.org/10.1186/s12902-021-00923-2
https://doi.org/10.1007/s00423-013-1158-2
https://doi.org/10.1007/s00423-013-1158-2
https://doi.org/10.3389/fonc.2022.1003336
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Risk factors of cervical lymph node metastasis in multifocal papillary thyroid cancer
	Introduction
	Materials and methods
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


