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Abstract
Background: The morbidity of papillary thyroid microcarcinomas is increasing worldwide. Surgery is the main
treatment for papillary thyroid microcarcinomas, and the choice of surgical method partly depends on the T stage
of the tumor. However, according to the American Joint Commission on Cancer staging system (7th edition), the T
stage of papillary thyroid microcarcinomas with different tumor extent is unclear. We aimed to study the effect of
tumor extent and other factors on central lymph node metastasis to explore the relationship between tumor extent
and T stage and to identify the risk factors predicting central lymph node metastasis in papillary thyroid microcarcinomas.
Methods: We included 1092 patients diagnosed with solitary papillary thyroid microcarcinomas between July 2011 and
April 2016. The tumor extent and other central lymph node metastasis risk factors were retrospectively analyzed.
Results: Univariate analysis revealed that capsule invasion and extracapsular extension (P = 0.013, <0.001; respectively)
were significantly correlated with central lymph node metastasis. On multivariate analysis, extracapsular extension was
independent central lymph node metastasis predictors (odds ratio 3.092, 95% CI 1.744–5.484), while capsule invasion was
not (odds ratio 1.212, 95% CI 0.890–1.651). In addition, multivariate analysis revealed that male sex, tumor size >5 mm,
and age <45 years were independent central lymph node metastasis predictors (odds ratio 2.072, 2.356, 2.302; 95% CI
1.483–2.894, 1.792–3.099, 1.748–3.031; respectively).
Conclusions: This study supported that capsule invasion and tumor limited to the thyroid in papillary thyroid
microcarcinomas were suitable for the lower T1, that is, capsule invasion in papillary thyroid microcarcinomas might
not belong to the minimal extrathyroid extension included in T3 of TNM staging. In addition, patients with risk factors
of extrathyroid extension, male sex, age <45 years, or tumor size >5 mm in papillary thyroid microcarcinomas should
consider a more aggressive surgical treatment.
Keywords: Solitary papillary thyroid microcarcinomas, Capsule invasion, Extrathyroidal extension, Central lymph node
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Background
Papillary thyroid microcarcinoma (PTMC) is defined by
the World Health Organization as a malignant tumor
with diameter ≤1 cm [1]. In recent years, owing to the
wide application of high-resolution and contrastenhanced ultrasonography (US) of the thyroid, as well as
ultrasonography-mediated fine needle aspiration biopsy
(FNA), along with improved histopathological criteria,
increasing numbers of patients have been diagnosed
with PTMC [2, 3]. According to the current literature,
the prevalence of solitary PTMC, that is, a single lesion
in the thyroid gland, ranges between 18 and 79.7%
among PTMC [4–6]. The thyroid capsule is composed
of varying proportions of fibrous and adipose tissues and
is discontinuous in the anterior midline of the isthmus
[7]. As described in the American Joint Commission on
Cancer staging system (7th edition), the T stage of
PTMC varies with the relationship between the tumor
and the thyroid capsule: tumor limited to the thyroid is
T1a while PTMC with minimal extrathyroid extension
(e.g., extension to sternothyroid muscle or perithyroid
soft tissues) is T3. However, there are three cases of their
relationship in clinical work: tumor limited to the thyroid (including primary tumor adjacent to the thyroid
capsule), capsule invasion (no capsular penetration), and
capsular penetration with extension into the sternothyroid muscle or perithyroidal soft tissue (extrathyroidal extension). Then, whether capsule invasion of PTMC
belongs to T1a or T3 and whether we should choose the
same operation for PTMC with capsule invasion and
extrathyroidal extension is a problem that we clinicians
are confused.
Meanwhile, the treatment of PTMC may vary from
follow-up to a total thyroidectomy and lymph node dissection with or without radioactive iodine treatment,
and the choice of surgical method partly depends on the
T stage of the tumor. Although PTMC is believed to be
an indolent disease, the reported incidence of central
lymph node metastasis (CLNM) associated with PTMC
has been reported to be as high as 41.3% [8], and CLNM
is known to be related to poor prognosis and locoregional recurrence [9]. However, prophylactic central lymph
node dissection (CLND) has been reported to increase
postoperative morbidity (transient hypocalcemia or recurrent laryngeal nerve paralysis) [10, 11], and the use of
total thyroidectomy (TT) plus CLND is thus debated for
PTMC, because prophylactic CLND may have little
prognostic benefit and increase postoperative morbidity
[12]. Accordingly, it is important to identify the risk factors for CLNM so that appropriate clinical decisions regarding CLND can be made.
With this in mind, the present study was designed to
explore whether capsule invasion belongs to the minimal
extrathyroid extension and identify the risk factors
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associated with CLNM in PTMC by retrospectively investigating the effect of tumor extent and other factors
on central lymph node metastasis in PTMC.

Methods
Patients

This was a retrospective study of patients treated at the
Department of Breast and Thyroid Surgery, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China, from July 2011
to April 2016. This study was approved by the institutional review board of the Union Hospital, Huazhong
University of Science and Technology.
Patients were enrolled in the study if they fulfilled all
of the following criteria: (i) no previous thyroid surgery;
(ii) no neck lymph node metastasis on preoperative assessment (palpation, ultrasonography, and fine needle
aspiration biopsy); (iii) TT plus bilateral prophylactic
CLND was performed for treatment; and (iv) a diagnosis
of primary solitary PTMC was made on final pathological examination. Patients with primary tumors in the
isthmus of the thyroid gland were excluded. We excluded multicenter PTMC because the tumor extent of
each single lesion might be different. As a result, a total
of 1092 patients were enrolled in this study. Almost all
patients were from central China, and most of them
were from Hubei Province.
Surgical treatment

Diagnostic preoperative workup included clinical examination and neck and thyroid ultrasonography with or without contrast-enhanced ultrasonography. Ultrasonographymediated fine needle aspiration biopsy was not performed
routinely. During the past few years in our unit, local
recurrence was commonly found among PTMC patients
who had undergone partial thyroidectomy. Therefore,
during the study period, we performed total thyroidectomy associated with bilateral central neck dissection
for patients diagnosed with malignancy, regardless of
disease stage or size. During this period, the false-negative
rate for our intraoperative frozen sections on PTMC averaged 3.9%, according to data collected by our department
of pathology.
Clinicopathological parameters

We analyzed tumor extent and the following variables as
possible risk factors for CLNM in patients with solitary
PTMC: sex, age at pathological diagnosis, tumor size,
histological subtype of the PTMC, lymphocytic thyroiditis
(lymphocytic thyroiditis includes “Hashimoto’s thyroiditis,” “lymphocytic thyroiditis,” or “chronic lymphocytic
thyroiditis.” These terms represent a pathophysiologic
spectrum of disease severity in our department). The
extent of the primary thyroid tumor was categorized as
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follows: limited to the thyroid (including primary tumor
adjacent to the thyroid capsule), capsule invasion (no
capsular penetration), and capsular penetration with
extension into the sternothyroid muscle or perithyroidal soft tissue.
Statistical analysis

Continuous variables are expressed as the mean ± standard deviation. The chi-squared test was used for univariate analysis of the statistical correlations between the
clinicopathological parameters and CLNM, while multivariate statistical analysis was performed using binary
logistic regression to assess the independent associations
between CLNM and the factors that were statistically
significant in the univariate analysis. We calculated the
odds ratio (OR) and 95% confidence interval (CI) using
binary logistic regression. Statistical analyses were
performed using SPSS Software version 19.0 (SPSS,
Chicago, IL, USA). All statistical tests were two-sided,
and P < 0.05 was considered statistically significant.

Results
The clinicopathological characteristics of the 1092 enrolled patients are listed in Table 1. The mean age was
45.30 ± 10.33 years (range, 19–87 years), and there were
900 women (82.4%) and 192 men (17.6%). The median
tumor size was 0.53 ± 0.23 cm (range, 0.05–1 cm); the
primary tumor size was ≤5 mm in 602 patients and
>5 mm in 490 patients. The tumor was located within
the thyroid capsule in 699 (64.0%) cases, had invaded
the capsule in 355 (30.7%) cases, and had penetrated the
capsule and extended into the sternothyroid muscle or
perithyroidal soft tissue in 58 (5.3%) cases. Lymphocytic
thyroiditis was found in 129 patients. CLNM was found
in 300 (27.4%) patients (Table 1), while contralateral
lymph node metastasis accounted for 21.7% in patients
with CLNM (data not shown).
According to the univariate analysis (Table 2), the
tumor extent was significantly correlated with CLNM
(P < 0.001). Male sex, age <45 years, and tumor diameter >5 mm were also significant predictive factors for
CLNM (P < 0.05). In contrast, the histological subtype did
not predict CLNM in solitary PTMC. Meanwhile, lymphocytic thyroiditis was revealed to be a protective factor
against CLNM in patients with solitary PTMC.
The analysis of the impact of the tumor extent on
CLNM, with tumors limited to the thyroid as the
reference, is shown in Table 3. The analysis showed that
the risk of developing CLNM increased with capsule invasion (OR, 1.446; 95% CI, 1.082–1.931) and extracapsular extension (OR, 3.440; 95% CI, 1.997–5.925).
Multivariate analysis revealed that while capsule invasion
(P = 0.223) was not a statistically significant predictor of
CLNM, extracapsular extension (P < 0.001) was indeed a
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Table 1 Clinicopathological characteristics of patients with
solitary papillary thyroid microcarcinomas (n = 1092)
Parameter

Number (%) of patients (n = 1092)

Age (years)
<45

513 (47.0%)

≥45

579 (53.0%)

Sex
Male

192 (17.6%)

Female

900 (82.4%)

Size (mm)
≤5

602 (55.1%)

>5

490 (44.9%)

Tumor extent
Within capsule

699 (64.0%)

Capsule invasion

335 (30.7%)

Extrathyroidal extension

58 (5.3%)

Lymphocytic thyroiditis
Present

129 (11.8%)

Absent

963 (88.2%)

Subtype
Classic

1079 (99.8%)

Follicular

13 (1.2%)

CLNM
Yes

300 (27.4%)

No

792 (72.6%)

CLNM central lymph node metastasis

statistically significant independent risk factor. In
addition, male sex (OR, 2.072; P < 0.001), tumor size
>5 mm (OR, 2.356; P < 0.001), and age <45 years (OR,
2.302; P < 0.001) were independent predictors of CLNM
(Table 4).
Among 1092 patients, transient hypocalcemia developed in 12 patients (1.09%) and 1 patients (0.09%)
had permanent hypoparathyroidism. Recurrent laryngeal
nerve injury developed in 17 patients (1.56%) and recovered within 6 months, and no cases experienced
permanent recurrent laryngeal nerve paralysis. Chyle
leakage occurred in 2 patients (0.2%). Chyle leakage was
controlled with a fat-free diet and local compression.
Postoperative hematoma developed in 5 patients (0.5%)
and was controlled by reoperation.

Discussion
According to the American Joint Commission on Cancer
staging system (7th edition), in papillary thyroid microcarcinomas, T1a stage tumors are defined as tumors
≤1 cm without extrathyroidal extension, while any tumors with minimal extrathyroid extension (e.g., extension into the sternothyroid muscles or perithyroidal soft
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Table 2 Associations between central lymph node metastasis
(CLNM) and clinicopathological characteristics in solitary
papillary thyroid microcarcinomas
Parameter

CLNM−

CLNM+

(n = 792)

(n = 300)

321 (62.6%)

192 (37.4%)

≥45

471 (81.3%)

108 (18.7%)

Male

111 (57.8%)

81 (42.2%)

Female

681 (75.7%)

29 (24.3%)

≤0.5

484 (80.4%)

118 (19.6%)

>0.5

308 (62.9%)

182 (37.1%)

Within capsule

533 (76.3%)

166 (23.7%)

Capsule invasion

231 (69.0%)

104 (31.0%)

Extrathyroidal extension

28 (48.3%)

30 (51.7%)

Present

104 (80.6%)

25 (19.4%)

Absent

688 (71.4%)

275 (28.6%)

Classic

783 (69.2%)

296 (30.8%)

Follicular

9 (69.2%)

4 (30.8%)

<0.001

Sex

<0.001

Size (cm)

<0.001

Tumor extent

<0.001

Lymphocytic thyroiditis

0.028

Subtype

0.789

tissues) are classified as T3 stage tumors. However, it
has not been decided whether PTMC with capsule invasion should be classified as stage T1a or T3. Because
the recommendations for clinical treatment vary according to the TNM stage, accurate T categorization is very
important. Several recent studies have described the association of capsule invasion and/or extracapsular extension with CLNM in patients with PTMC [6, 13]; in
comparison, our study focused only on solitary PTMC
and contained the largest number of patients and all patients underwent TT and CLND.
In the present study, multivariate analysis showed that
extrathyroidal extension was independent predictor of
CLNM in solitary PTMCs. Previous studies have also reported that extrathyroidal extension was associated with
CLNM in patients with PTMC [3, 6, 13, 14]. Our study
Table 3 Risk of central lymph node metastasis in solitary
papillary thyroid microcarcinomas according to tumor extent
Variable

Adjusted OR

Within capsule

1 (ref)

95% CI

P value

Capsule invasion

1.446

1.082–1.931

0.013

Extracapsular extension

3.440

1.997–5.925

<0.001

OR odds ratio, CI confidence interval

Sig.

Exp (B)

Age (<45 years)

<0.001

2.302

1.748

3.031

Sex (male)

<0.001

2.072

1.483

2.894

Size (>5 mm)

<0.001

2.356

1.792

3.099

Capsule invasion

0.223

1.212

0.890

1.651

Extrathyroidal extension

<0.001

3.092

1.744

5.484

P value

Age (years)
<45

Table 4 Multivariate logistic regression analysis of central lymph
node metastasis in solitary papillary thyroid microcarcinomas
95% CI
Lower

Upper

Tumor extent

Sig. significance, Exp (B) odds ratio for central lymph node metastasis, CI
confidence interval

reveal that capsule invasion and tumor limited to the
thyroid were not identified as independent risk factor for
CLNM in solitary PTMC; this might indicate that capsule invasion does not belong to the minimal extrathyroid extension category and that tumors ≤1 cm with
capsule invasion might be classified as T1a.
The incidence of CLNM in patients with clinically
node-negative PTMC has been reported from 31 to 64%
[6, 13, 15], and the presence of CLNM is closely associated with prognosis and is a key factor for tumor staging
[9, 16]. However, the use of routine prophylactic CLND
for PTMC is controversial due to the high risk of postoperative morbidity and the limited prognostic benefits
[9, 17]. Moreover, CLNM cannot be detected clinically
because of the local anatomy of the level VI lymph
nodes [16]. In our study, 300 patients had cervical lymph
node metastases, representing 27.5% of all 1092 patients,
which was lower than previous studies [6, 13, 15]. This
large range in the prevalence of CLNM may be due to
differences that we focused on solitary PTMC only. In
this study, we found that extrathyroidal extension, male
sex, age <45 years, and tumor size >5 mm were risk factors for CLNM.
Younger age (age <45 years) was associated with
CLNM in this study. However, it is unclear about its
prognostic value in PTMC [13, 18]. Previous studies
have also reported that age <45 years was associated
with CLNM in PTMC [6]. Generally, CLNM is
known to increase with tumor size, and tumor size
>5 mm was an independent predictor of CLNM in
my research, which is in agreement with a previous
report [15]. In addition, consistent with some previous researches [6, 13, 15], gender was a risk factor
for CLNM in my study.
Moreover, lymphocytic thyroiditis was shown to protect patients with solitary PTMC against CLNM in the
univariate analysis, which was consistent with the findings of previous studies on papillary thyroid carcinoma
[19, 20]. This may be explained from the following two
aspects [21]: On one hand, the autoimmune response
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may destroy cancer cells expressing thyroid-specific antigens, thereby preventing cancer progression. On the
other hand, if lymphocytic thyroiditis leads to atrophy
and fibrosis of the thyroid gland, there may be associated
damage to the surrounding lymphatic vessels, which
may prevent lymphatic spread and reduce the likelihood
of CLNM [20].
The treatment of PTMC is a contentious subject. In
this study, our results supported the notion that a more
radical surgical treatment is appropriate treatment strategy for PTMCs with extrathyroidal extension, male sex,
tumor size, and age <45 years. This conclusion was
based on the following considerations: first, as preoperative assessment is limited, bilateral cancer and multifocality of the thyroid might be assessed as a single focus;
second, among patients with CLNM, contralateral lymph
node metastasis accounted for 21.7% in our study. Morbidity of complications is low when TT plus CLND is
performed by experienced surgeons in this study and
CLND did not increase permanent morbidities obviously
[14]. In addition, morbidity is relatively high when reoperation is performed on patients with regional recurrence in the central compartment. Moreover, TT plus
CLND is beneficial for postoperative follow-up and
radioactive iodine (131I) thyroid remnant ablation and is
associated with a low recurrence rate. Thus, a more radical surgical treatment should be considered for PTMCs
with high-risk factors.

Conclusion
In conclusion, extrathyroid extension is a significant predictor of CLNM in PTMC. Our findings suggest that
capsule invasion may not belong to the minimal extrathyroid extension category. Meanwhile, our results are
useful in identifying PTMC with extrathyroid extension,
male sex, tumor size >5 mm, and age <45 years, which
are more likely to have CLNM, and on the basis of this,
we could choose to perform more radical treatment in
patients with potentially aggressive tumors. In addition,
our study revealed that coexistent lymphocytic thyroiditis protects patients with PTMC from CLNM.
Abbreviations
CI: Confidence interval; CLND: Central lymph node dissection; CLNM: Central
lymph node metastasis; OR: Odds ratio; PTMC: Papillary thyroid microcarcinoma;
TT: Total thyroidectomy
Acknowledgements
We appreciate the cooperation from all the patients and the hard work of
Ms. Daoqin Xiang from the Department of Pathology in our hospital.
Funding
This work was supported by grants from the National Natural Science
Foundation of China (NSFC 81550009; http://www.nsfc.gov.cn/).
Availability of data and materials
The dataset supporting the conclusions of this article is included within
the article.

Page 5 of 6

Authors’ contributions
All authors contributed to the design of the study and writing of the
manuscript. XY and CL undertook the research and performed the analyses.
All authors reviewed and approved the final version of the manuscript.
Ethics approval and consent to participate
This study was approved by the institutional review board of the Union
Hospital, Huazhong University of Science and Technology.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 17 September 2016 Accepted: 8 July 2017

References
1. Hedinger C, Williams ED, Sobin LH. The WHO histological classification of
thyroid tumors: a commentary on the second edition. Cancer. 1989;63:908–1.
2. Li F, Zhang J, Wang Y, Liu L. Clinical value of elasticity imaging and contrastenhanced ultrasound in the diagnosis of papillary thyroid microcarcinoma.
Oncol Lett. 2015;10:1371–7.
3. Xu D, Lv X, Wang S, Dai W. Risk factors for predicting central lymph
node metastasis in papillary thyroid microcarcinoma. Int J Clin Exp
Pathol. 2014;7:6199–205.
4. Kim KJ, Kim SM, Lee YS, Chung WY, Chang HS, Park CS. Prognostic
significance of tumor multifocality in papillary thyroid carcinoma and its
relationship with primary tumor size: a retrospective study of 2,309
consecutive patients. Ann Surg Oncol. 2015;22:125–31.
5. Karatzas T, Vasileiadis I, Kapetanakis S, Karakostas E, Chrousos G, Kouraklis G.
Risk factors contributing to the difference in prognosis for papillary versus
micropapillary thyroid carcinoma. Am J Surg. 2013;206:586–93.
6. Zhang L, Wei WJ, Ji QH, Zhu YX, Wang ZY, Wang Y, et al. Risk factors for
neck nodal metastasis in papillary thyroid microcarcinoma: a study of 1066
patients. J Clin Endocrinol Metab. 2012;97:1250–7.
7. Mete O, Rotstein L, Asa SL. Controversies in thyroid pathology: thyroid capsule
invasion and extrathyroidal extension. AnnSurg Oncol. 2010;17:386–91.
8. Kim SK, Park I, Woo JW, Lee JH, Choe JH, Kim JH, et al. Predictive factors for
lymph node metastasis in papillary thyroid microcarcinoma. Ann Surg
Oncol. 2016;23:2866–73.
9. Choi SY, Cho JK, Moon JH, Yi S. Metastatic lymph node ratio of central neck
compartment has predictive values for locoregional recurrence in papillary
thyroid microcarcinoma. Clin Exp Otorhinolaryngol. 2016;9:75–9.
10. Palestini N, Borasi A, Cestino L, Freddi M, Odasso C, Robecchi A. Is central
neck dissection a safe procedure in the treatment of papillary thyroid cancer?
Exp Langenbecks Arch Surg. 2008;393:693–8.
11. Lim YC, Choi EC, Yoon YH, Kim EH, Koo BS. Central lymph node metastases
in unilateral papillary thyroid microcarcinoma. Br J Surg. 2009;96:253–7.
12. Noguchi S, Yamashita H, Uchino S, Watanabe S. Papillary microcarcinoma.
World J Surg. 2008;32:747–53.
13. So YK, Yi S, Hong SD, Seo MY, Baek CH, Jeong HS, et al. Subclinical lymph
node metastasis in papillary thyroid microcarcinoma: a study of 551
resections. Surgery. 2010;148:526–31.
14. Soares P, Celestino R, Gaspar da Rocha A, Sobrinho-Simões M. Papillary
thyroid microcarcinoma: how to diagnose and manage this epidemic? Int J
Surg Pathol. 2014;22:113–9.
15. Xiang Y, Lin K, Dong S, Qiao LI, He Q, Zhang X. Prediction of central lymph
node metastasis in 392 patients with cervical lymph node-negative papillary
thyroid carcinoma in Eastern China. Oncol Lett. 2015;10:2559–64.
16. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE.
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.

Yin et al. World Journal of Surgical Oncology (2017) 15:133

Page 6 of 6

17. Guo Y, Liu Z, Yu P, Liu C, Ming J, Zhang N. Using foci number to predict
central lymph node metastases of papillary thyroid microcarcinomas with
multifocality. Int J Clin Exp Med. 2015;8:9925–30.
18. Kwak JY, Kim EK, Kim MJ, Son EJ, Chung WY, Park CS, et al. Papillary
microcarcinoma of the thyroid: predicting factors of lateral neck node
metastasis. Ann Surg Oncol. 2009;16:1348–55.
19. Kim SS, Lee BJ, Lee JC, Kim SJ, Jeon YK, Kim MR, et al. Coexistence of
Hashimoto’s thyroiditis with papillary thyroid carcinoma: the influence of
lymph node metastasis. Head Neck. 2011;33:1272–7.
20. Kim YS, Choi HJ, Kim ES. Papillary thyroid carcinoma with thyroiditis: lymph
node metastasis, complications. J Korean Surg Soc. 2013;85:20–4.
21. Qu N, Zhang L, Lin DZ, Ji QH, Zhu YX, Wang Y. The impact of coexistent
Hashimoto’s thyroiditis on lymph node metastasis and prognosis in
papillary thyroid microcarcinoma. Tumour Biol. 2016;37:7685–92.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

