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Total tumour diameter is superior 
to unifocal diameter as a predictor 
of papillary thyroid microcarcinoma 
prognosis
Chunping Liu1, Shuntao Wang1, Wen Zeng   2, Yawen Guo1, Zeming Liu1 & Tao Huang1

The current American Joint Committee (AJCC) on Cancer TNM classification does not describe the 
treatment of multifocal papillary thyroid microcarcinomas (PTMCs) with a total tumour diameter (TTD) 
>1 cm. Herein, we investigated this PTMC subgroup in terms of extrathyroidal extension (ETE), local 
infiltration, central lymph node metastasis (LNM), and prognosis. Consecutive patients (n = 1102) 
were identified and the proportions of LNM, ETE, and local infiltration were similar between PTCs with 
a unifocal tumour diameter >1 cm and ≤2 cm and PTMCs with a multifocal TTD >1 cm and ≤2 cm. 
The proportions of LNM, ETE, and local infiltration were also similar between PTMCs with a unifocal 
diameter ≤1 cm vs. multifocal TTD ≤1 cm. However, when comparing PTMCs with a unifocal diameter 
≤1 cm vs. multifocal TTD >1 cm, significant differences were observed. In the Kaplan-Meier analysis, 
significant differences were observed between PTMCs with a unifocal diameter ≤1 cm vs. multifocal 
TTD >1 cm and multifocal TTD ≤1 cm vs. multifocal TTD >1 cm. Accordingly, TTD may represent a 
more accurate criterion for tumour size of PTCs and should be considered in the revised AJCC staging 
system.

According to the World Health Organization classification system, papillary thyroid microcarcinoma (PTMC) is 
defined as thyroid cancer measuring less than or equal to 1.0 cm in its greatest dimension1. PTMCs are diagnosed 
with increasing frequency. The proportion of PTMCs among all PTCs increased from 18.4% between 1983 and 
1987 to 43.1% between 1998 and 2001 in France2, and similar results have been reported from other countries 
such as the United States and China3–5.

The 6th edition of the American Joint committee on Cancer (AJCC) tumour, node, metastasis (TNM) clas-
sification system for differentiated thyroid cancer defines T1a tumours as those with a tumour diameter ≤1 cm 
(PTMC) without extrathyroidal extension (ETE), and this subgroup of patients are recommended to undergo 
lobectomy. However, the AJCC classification system, along with the guidelines recommended by the American 
Thyroid Association, defines the tumour size according to the traditional intraglandular maximal tumour diam-
eter, and whether the subgroup of patients with multifocal PTMC and a total tumour diameter (TTD) >1 cm 
shares the same features and prognosis as those with traditional PTMCs remain unclear.

Hence, in the present study, we aimed to demonstrate whether the TTD should be used as a more accurate 
criterion for tumour size of papillary thyroid carcinomas (PTCs) and should be added as an additional prognostic 
factor in the AJCC classification system.

Results
Overall, the postoperative follow-up period ranged between 18–148 months, with a median follow-up of 61.0 
months. Clinicopathological characteristics of the papillary thyroid microcarcinoma patients (n = 1102) and pap-
illary thyroid carcinoma (1 < unifocal with diameter ≤ 2 cm) (n = 210) were present in Table 1. Among the 390 
multifocal PTMC cases, 32.6% (n = 127) and 67.4% (n = 263) were unilateral and bilateral, respectively. A total 
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of 28.3% cases present Hashimoto, while 71.7% (n = 790) did not. We used the TTD of each specimen as a new 
parameter for the multifocal cases. The LNM, ETE, local infiltration, and multifocal or unifocal diseases were 
compared in subgroups according to the tumour size. The results are displayed in Tables 2–4.

LNM occurred in 38.1% of PTCs with a unifocal tumour diameter of >1 cm and ≤2 cm (Group A) and in 
34.1% of PTMCs with a multifocal TTD >1 cm and ≤2 cm (Group B) (p = 0.522). For PTMCs, LNM occurred in 
21.6% and 25.1% of patients with a unifocal diameter ≤1 cm (Group C) and a multifocal TTD ≤ 1 cm (Group D),  
respectively (p = 0.286). However, when comparing PTMCs with a unifocal diameter ≤1 cm (Group C) vs. a 

Characteristic

PTMC
PTC (1 < unifocal with 
diameter ≤ 2 cm)

n = 1102 n = 210

Age (years)

 <45 469 (42.6%) 92 (43.8%)

 ≥45 633 (57.4%) 118 (56.2%)

Sex

 Female 904 (82.0%) 161 (76.7%)

 Male 198 (18.0%) 49 (23.3%)

Maximal tumor size (cm)

 ≤0.5 573 (52.0%)

 >0.5 529 (48.0%)

Total tumor size (cm)

 ≤1 923 (83.8%)

 >1 179 (16.2%)

multifocality

 Absent 712 (64.6%)

 Present 390 (35.4%)

Lymph node metastasis

 Absent 805 (73.0%) 80 (38.1%)

 Present 297 (27.0%) 130 (61.9%)

Extrathyroidal invasion

 Present 288 (26.1%) 101 (48.1%)

 Absent 814 (73.9%) 109 (51.9%)

Local infiltration

 Present 41 (3.7%) 178 (84.8%)

 Absent 1061 (96.3%) 32 (15.2%)

Subtype

 Classic 1020 (92.6%)

 Follicular 82 (7.4%)

Table 1.  Basic clinicopathological characteristics of the papillary thyroid microcarcinoma patients (n = 1102) 
and papillary thyroid carcinoma (1 < unifocal with diameter ≤ 2 cm) (n = 210). PTMC: papillary thyroid 
microcarcinoma. PTC: papillary thyroid carcinoma.

Characteristic Total
LNM negative 
n (%)

LNM positive 
n (%) p

PTC vs PTMC

Group A 210 130 (61.9) 80 (38.1)
0.522

Group B 85 56 (65.9) 29 (34.1)

PTMC

Group C 712 558 (78.4) 154 (21.6)
0.286

Group D 211 158 (74.9) 53 (25.1)

Group C 712 558 (78.4) 154 (21.6)
<0.001

Group E 179 89 (49.7) 90 (50.3)

Group D 211 158 (74.9) 53 (25.1)
<0.001

Group E 179 89 (49.7) 90 (50.3)

Table 2.  Differences in lymph node metastasis between the different tumour size groups. Group A: PTC, 
unifocal with diameter >1 cm and ≤2 cm; Group B: PTMC multifocal with total tumor diameter (TTD) >1 cm 
and ≤2 cm; Group C: PTMC unifocal with diameter ≤1 cm; Group D: PTMC multifocal with TTD ≤1 cm; 
Group E: PTMC multifocal with TTD >1 cm.
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multifocal TTD >1 cm (Group E), the proportions of cases with LNM significantly differed, at 21.6% and 
50.3%, respectively (p < 0.001). In addition, comparison was also carried out between cases with a multifocal 
TTD ≤ 1 cm (Group D) vs. multifocal TTD >1 cm (Group E), which revealed significant differences in LNM 
(25.1% vs. 50.3%, p < 0.001) (Table 2).

ETE occurred in 51.9% of PTCs with a unifocal tumour diameter of >1 cm and ≤2 cm (Group A) and in 50.9% 
of PTMCs with a multifocal TTD of >1 cm and ≤2 cm (Group B) (p = 0.838). For PTMCs, ETE occurred in 
25.6% of patients with a unifocal diameter ≤1 cm (Group C) and 19.4% of patients with a multifocal TTD ≤ 1 cm 
(Group D) (p = 0.068). However, when comparing PTMCs with a unifocal diameter ≤1 cm (Group C) to those 
with a multifocal TTD >1 cm (Group E), the ETE proportions significantly differed, at 25.6% and 35.8%, respec-
tively (p = 0.005). In addition, significant differences were also observed between cases of multifocal TTD ≤ 1 cm 
(Group D) vs. multifocal TTD >1 cm (Group E) (19.4% vs. 35.8%, p < 0.001) (Table 3).

Local infiltration occurred in 15.2% of PTCs with a unifocal tumour diameter ≫1 cm and ≤2 cm (Group A) 
and in 11.8% of PTMCs with a multifocal TTD of ≫1 cm and ≤2 cm (Group B) (p = 0.439). For PTMCs, local 
infiltration occurred in 3.4% and 3.3% of patients with a unifocal diameter ≤1 cm (Group C) and a multifocal 
TTD ≤ 1 cm (Group D) (p = 0.970). However, when comparing PTMCs with a unifocal diameter ≤1 cm (Group 
C) vs. a multifocal TTD >1 cm (Group E), the proportions of cases with local infiltration were 3.8% and 7.3%, 
respectively, which showed a statistically significant difference (p = 0.008). In addition, comparison was also car-
ried out between cases of multifocal TTD ≤ 1 cm (Group D) vs. multifocal TTD >1 cm (Group E), although no 
significant differences were found (3.3% vs. 7.3%, p = 0.078) (Table 4).

Finally, we examined the relationships between tumour size and the recurrence-free survival (RFS) of the 
patients. Kaplan-Meier analysis revealed that there was no difference in the RFS between patients with PTCs 
with a unifocal tumour diameter of ≫1 cm and ≤2 cm (Group A) compared to those with PTMCs with a multi-
focal TTD of ≫1 cm and ≤2 cm (Group B) (p = 0.788) (Fig. 1). For PTMCs, the RFS did not significantly differ 
between patients with a unifocal diameter ≤1 cm (Group C) and a multifocal TTD ≤ 1 cm (Group D) (p = 0.525) 
(Fig. 2). However, when comparing PTMCs with a unifocal diameter ≤1 cm (Group C) to those with a multi-
focal TTD >1 cm (Group E), a statistically significant difference was found (p < 0.001) (Fig. 3). In addition, a 

Characteristic Total
Local infiltration 
negative n (%)

Local infiltration 
positive n (%) p

PTC vs PTMC

Group A 210 178 (84.8) 32 (15.2)
0.439

Group B 85 75 (88.2) 10 (11.8)

PTMC

Group C 712 688 (96.6) 24 (3.4)
0.970

Group D 211 204 (96.7) 7 (3.3)

Group C 712 685 (96.2) 21 (3.8)
0.008

Group E 179 166 (92.7) 13 (7.3)

Group D 211 204 (96.7) 7 (3.3)
0.078

Group E 179 166 (92.7) 13 (7.3)

Table 4.  Differences in lymph node metastasis between the different local infiltration groups. Group A: PTC, 
unifocal with diameter >1 cm and ≤2 cm; Group B: PTMC multifocal with total tumor diameter (TTD) >1 cm 
and ≤2 cm; Group C: PTMC unifocal with diameter ≤1 cm; Group D: PTMC multifocal with TTD≤1 cm; 
Group E: PTMC multifocal with TTD >1 cm.

Characteristic Total
ETE negative 
n (%)

ETE positive 
n (%) p

PTC vs PTMC

Group A 210 101 (48.1) 109 (51.9)
0.838

Group B 85 42 (49.4) 43 (50.9)

PTMC

Group C 712 530 (74.4) 182 (25.6)
0.068

Group D 211 170 (80.6) 41 (19.4)

Group C 712 530 (74.4) 182 (25.6)
0.005

Group E 179 115 (64.2) 64 (35.8)

Group D 211 170 (80.6) 41 (19.4)
<0.001

Group E 179 115 (64.2) 64 (35.8)

Table 3.  Differences in lymph node metastasis between the different extrathyroid extension groups. ETE: 
extrathyroidal extension; Group A: PTC, unifocal with diameter >1 cm and ≤2 cm; Group B: PTMC multifocal 
with total tumor diameter (TTD) >1 cm and ≤2 cm; Group C: PTMC unifocal with diameter ≤1 cm; Group D: 
PTMC multifocal with TTD ≤ 1 cm; Group E: PTMC multifocal with TTD >1 cm.
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significant difference was also observed between cases of multifocal TTD ≤ 1 cm (Group D) and multifocal TTD 
>1 cm (Group E) (p = 0.024) (Fig. 4).

Discussion
PTC is the most common malignant neoplasm originating from the thyroid gland and generally has an excellent 
prognosis6. PTMC is being diagnosed with increasing frequency worldwide and now constitutes nearly half of all 
cases of PTC2, 7, 8. The primary operative interventions for PTCs with tumour size >1 cm and PTMC differ6, and, 
because of this, clinicians are faced with the challenge of detecting and managing multifocal PTMC efficiently.

The TNM staging system is based on the extent of the primary tumour (T), the presence of regional lymph 
node metastasis (N), and the identification of distant metastasis (M)6. For PTC, including PTMC, the current 
AJCC TNM staging system defines the tumour size as the greatest dimension of the largest solitary tumour in 
cases of multifocal tumours6. Multifocality has been reported to occur in 30–40% of PTMCs9–11. A close rela-
tionship between larger tumour size and worse outcome, both in terms of recurrence and survival, has been well 
established and is generally accepted6, 12–14. However, it remains unclear whether multifocal PTMCs with a TTD 
>1 cm are associated with worse outcomes compared to those with a TTD ≤ 1 cm.

A large Surveillance, Epidemiology, and End Results database study of 52,173 patients by Bilimoria et al.15 
concluded that PTCs >1 cm were associated with a worse prognosis, and more extensive thyroid surgery was 
thus required for these patients. This finding impacted the decision to revise the AJCC classification system to 

Figure 1.  Kaplan-Meier analysis of recurrence-free survival of unifocal papillary thyroid cancer with a 
diameter >1 cm and ≤2 cm (group A) and multifocal papillary thyroid microcarcinoma with a total tumour 
diameter (TTD) >1 cm and ≤2 cm (group B).

Figure 2.  Kaplan-Meier analysis of recurrence-free survival of unifocal papillary thyroid cancer with a 
diameter of ≤1 cm (group C) and multifocal papillary thyroid microcarcinoma with a total tumour diameter 
(TTD) of ≤1 cm (group D).
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subdivide the T1 category for intraglandular tumours ≤2 cm into tumours ≤1 cm and >1 cm and ≤2 cm in size. 
Similarly, the various other systems classifying tumours into high- and low-risk groups include tumour size as a 
one of the prognostic grouping factors; however, the size thresholds range widely15–17.

In our results, the risks of LNM, ETE, and local infiltration, as well as the RFS, did not significantly differ 
between PTCs with a unifocal diameter >1 cm and ≤2 cm and PTMCs with a multifocal TTD >1 cm and ≤2 cm 
or between PTMCs with a unifocal diameter ≤1 cm and multifocal TTD ≤ 1 cm. However, the risks of LNM, 
ETE, and infiltration and the RFS were significantly different between PTMCs with a unifocal diameter ≤1 cm 
and multifocal TTD >1 cm and between multifocal PTMCs with a TTD of ≤1 cm and >1 cm, except for local 
infiltration. The latter finding may be due to the included PTMCs mostly being early-stage tumours and rarely 
presenting local infiltration.

The main argument for treatment such as prophylactic central lymph node metastasis or radioiodine ablation 
in PTC and PTMC patients is based on maximum clearance of the tumour, which could result in a decreased 
rate of recurrence, improved survival, and avoidance of reoperations in the central neck compartment18–21. 
Multifocality has been reported to be a negative prognostic factor for recurrence and is considered an important 
risk factor in many publications22–26. Further, it is still unclear whether PTMC should be considered a separate 
clinical entity that requires different management compared to conventional PTC9; therefore, the size of all foci 
should be considered when estimating the tumour mass for multifocal PTMC.

In our previous study, we found that multifocal PTMCs with a TTD >1 cm were associated with a similar 
risk of LNM as PTCs1. In this study, we further demonstrated that multifocal PTMCs with a TTD >1 cm were 
also associated with similar risks of high-risk clinicopathological features (LNM, ETE) and similar RFS as PTC. 

Figure 3.  Kaplan-Meier analysis of recurrence-free survival of unifocal papillary thyroid cancer with a 
diameter of ≤1 cm (group C) and multifocal papillary thyroid microcarcinoma with a total tumour diameter 
(TTD) of >1 cm (group E).

Figure 4.  Kaplan-Meier analysis of recurrence-free survival of multifocal papillary thyroid microcarcinoma 
with a total tumour diameter (TTD) of ≤1 cm (group D) and multifocal papillary thyroid microcarcinoma with 
a total tumour diameter (TTD) of >1 cm (group E).
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Overall, the above findings indicate that, in multifocal microcarcinomas, the diameter of the largest lesion cannot 
be directly used as an efficient tool to predict the risks of LNM, ETE, and local infiltration, as well as the prognosis.

Our data have some limitations. First, this study was not a randomised case-control trial; however, we con-
sider our findings to reflect the total PTMC patient population surgically treated at one institutions. In addition, 
our cohort of patients had a relatively short median follow-up of 61 months. A longer follow-up is required to 
make any definitive conclusions regarding the effect of the TTD of multifocal PTMCs on the RFS.

Conclusion
The TTD may represent a more accurate criterion for tumour size of PTMCs. Our results suggest that the clas-
sification of tumour size according to the dimension of the largest focus for multifocal PTMCs, as advocated by 
the AJCC and currently used as a treatment recommendation by the American Thyroid Association, needs to be 
revisited.

Methods
Study Population.  We conducted a retrospective review of consecutive patients who underwent total-thy-
roidectomy plus prophylactic central lymph node dissection in our medical centre (Union Hospital) between 
January 2003 and November 2014. Data were obtained from our clinical database, all methods were performed 
in accordance with the relevant guidelines and regulations, the study protocol was approved by our institutional 
review boards (Union Hospital) and the file number: 20131001PTMC. Written informed consent from all par-
ticipants were obtained.

A total of 1102 patients with PTMC were included in the analysis. Additionally, 210 patients with unifocal 
PTC with a diameter of more than 1 cm but less than or equal to 2 cm were also included for comparisons with the 
PTMC cases. Demographic information, surgical details, histopathologic details, and postoperative use of radio-
active iodine were recorded. Postoperative thyroid-stimulating hormone suppression was practiced based on the 
recurrence risk for all patients. The clinicopathological parameters, including radioactive iodine remnant ablation 
status were also recorded and compared. The subgroups were organized: Group A: PTC, unifocal with diameter 
>1 cm and ≤2 cm (n = 210); Group B: PTMC multifocal with total tumor diameter (TTD) >1 cm and ≤2 cm 
(n = 85); Group C: PTMC unifocal with diameter ≤1 cm (n = 712); Group D: PTMC multifocal with TTD ≤ 1 cm 
(n = 211); Group E: PTMC multifocal with TTD >1 cm (n = 179).

Surgical strategy.  During the past few years in our centre, multifocality was often detected in the postsurgi-
cal pathology, and local recurrence was commonly found among PTMC patients who had undergone partial thy-
roidectomy. For these reasons, since 2003, we perform total thyroidectomy plus bilateral central neck dissection 
for all PTMC patients, regardless of the size, number of foci, and disease stage. When preoperative imaging tests 
such as ultrasound indicate suspected LNM in the lateral neck, lateral neck dissection is performed. Fine-needle 
aspiration biopsy and/or intraoperative frozen section examination is routinely performed during thyroid sur-
gical procedures. False-negative cases who underwent lobectomy and in whom more than one microcarcinoma 
focus was found by routine pathology undergo residual thyroid resection with central lymph node dissection; that 
is, resection of the thyroid gland and the adjacent nodes bordered superiorly by the hyoid bone, inferiorly by the 
brachiocephalic vessels, and laterally on each side by the carotid sheaths.

Pathological confirmation.  Routine pathological examination was performed on the whole specimen with 
serial sectioning at 3-µm intervals for hematoxylin and eosin staining, and the tumours were diagnosed by two 
experienced pathologists from the Department of Pathology of Union hospital according to the criteria of the 
World Health Organization. Multifocality was considered when two or more foci were found in one or both lobes; 
for multifocal PTMC, the largest, dominant tumour was first analysed. Subsequently, the TTD was calculated as 
the sum of the maximal diameter of each lesion and used for further analysis. Recurrence/disease-persistence was 
defined as the appearance of pathologically proven malignant tissue and/or the appearance of metastatic lesions 
in the lungs, bones, and/or brain by imaging studies.

Statistical Analysis.  The patient parameters were compared using Student’s t-test for continuous varia-
bles and the Chi-square or Fisher’s exact test for categorical variables. Continuous variables are presented as the 
mean ± standard deviation or as medians and ranges, and categorical variables are presented as percentages and 
absolute numbers. Multivariate analysis of all variables was performed using a logistic regression model. Survival 
outcomes were analysed using the Kaplan-Meier method and log-rank test. All reported p values in this study are 
2-sided, and p values < 0.05 were considered statistically significant. All statistical analyses were performed using 
SPSS software, version 13.0 (SPSS, Chicago, IL).

References
	 1.	 Zhao, Q. et al. Multifocality and total tumor diameter predict central neck lymph node metastases in papillary thyroid 

microcarcinoma. Annals of surgical oncology 20, 746–752, doi:10.1245/s10434-012-2654-2 (2013).
	 2.	 Leenhardt, L., Grosclaude, P. & Cherie-Challine, L. Increased incidence of thyroid carcinoma in france: a true epidemic or thyroid 

nodule management effects? Report from the French Thyroid Cancer Committee. Thyroid: official journal of the American Thyroid 
Association 14, 1056–1060, doi:10.1089/thy.2004.14.1056 (2004).

	 3.	 Kutler, D. I., Crummey, A. D. & Kuhel, W. I. Routine central compartment lymph node dissection for patients with papillary thyroid 
carcinoma. Head & neck 34, 260–263, doi:10.1002/hed.21728 (2012).

	 4.	 Xiang, J. et al. New clinical features of thyroid cancer in eastern China. Journal of visceral surgery 147, e53–56, doi:10.1016/j.
jviscsurg.2010.02.007 (2010).

	 5.	 Garrel, R. et al. Cervical lymphadenopathies signaling thyroid microcarcinoma. Case study and review of the literature. European 
annals of otorhinolaryngology, head and neck diseases 128, 115–119, doi:10.1016/j.anorl.2010.11.007 (2011).

http://dx.doi.org/10.1245/s10434-012-2654-2
http://dx.doi.org/10.1089/thy.2004.14.1056
http://dx.doi.org/10.1002/hed.21728
http://dx.doi.org/10.1016/j.jviscsurg.2010.02.007
http://dx.doi.org/10.1016/j.jviscsurg.2010.02.007
http://dx.doi.org/10.1016/j.anorl.2010.11.007


www.nature.com/scientificreports/

7Scientific Reports | 7: 1846  | DOI:10.1038/s41598-017-02165-6

	 6.	 Haugen, B. R. 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: official journal of the American Thyroid Association 26, 1–133, doi:10.1089/thy.2015.0020 (2016).

	 7.	 Chen, W. et al. Cancer statistics in China, 2015. CA: a cancer journal for clinicians 66, 115–132, doi:10.3322/caac.21338 (2016).
	 8.	 Jung, C. K. et al. The increase in thyroid cancer incidence during the last four decades is accompanied by a high frequency of BRAF 

mutations and a sharp increase in RAS mutations. The Journal of clinical endocrinology and metabolism 99, E276–285, doi:10.1210/
jc.2013-2503 (2014).

	 9.	 Lombardi, C. P. et al. Papillary thyroid microcarcinoma: extrathyroidal extension, lymph node metastases, and risk factors for 
recurrence in a high prevalence of goiter area. World journal of surgery 34, 1214–1221, doi:10.1007/s00268-009-0375-x (2010).

	10.	 Ito, Y. & Miyauchi, A. A therapeutic strategy for incidentally detected papillary microcarcinoma of the thyroid. Nature clinical 
practice. Endocrinology & metabolism 3, 240–248, doi:10.1038/ncpendmet0428 (2007).

	11.	 Pazaitou-Panayiotou, K., Capezzone, M. & Pacini, F. Clinical features and therapeutic implication of papillary thyroid 
microcarcinoma. Thyroid: official journal of the American Thyroid Association 17, 1085–1092, doi:10.1089/thy.2007.0005 (2007).

	12.	 Noguchi, S., Yamashita, H., Uchino, S. & Watanabe, S. Papillary microcarcinoma. World journal of surgery 32, 747–753, doi:10.1007/
s00268-007-9453-0 (2008).

	13.	 Wang, L. Y. et al. Comparable outcomes for patients with pT1a and pT1b differentiated thyroid cancer: Is there a need for change in 
the AJCC classification system? Surgery 156, 1484–1489; discussion 1489–1490, 10.1016/j.surg.2014.08.037 (2014).

	14.	 Leboulleux, S. 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. The Journal of clinical endocrinology and 
metabolism 90, 5723–5729, doi:10.1210/jc.2005-0285 (2005).

	15.	 Bilimoria, K. Y. et al. Extent of surgery affects survival for papillary thyroid cancer. Annals of surgery 246, 375–381; discussion 
381–374, 10.1097/SLA.0b013e31814697d9 (2007).

	16.	 Shaha, A. R., Loree, T. R. & Shah, J. P. Intermediate-risk group for differentiated carcinoma of thyroid. Surgery 116, 1036–1040; 
discussion 1040–1031 (1994).

	17.	 Sherman, S. I. et al. Prospective multicenter study of thyroiscarcinoma treatment: initial analysis of staging and outcome. National 
Thyroid Cancer Treatment Cooperative Study Registry Group. Cancer 83, 1012–1021, doi:10.1002/(ISSN)1097-0142 (1998).

	18.	 Giles Senyurek, Y. et al. The long term outcome of papillary thyroid carcinoma patients without primary central lymph node 
dissection: expected improvement of routine dissection. Surgery 146, 1188–1195, doi:10.1016/j.surg.2009.09.014 (2009).

	19.	 Perrino, M. et al. Outcome predictors and impact of central node dissection and radiometabolic treatments in papillary thyroid 
cancers < or =2 cm. Endocrine-related cancer 16, 201–210, doi:10.1677/erc-08-0119 (2009).

	20.	 Sywak, M. et al. Routine ipsilateral level VI lymphadenectomy reduces postoperative thyroglobulin levels in papillary thyroid cancer. 
Surgery 140, 1000–1005; discussion 1005–1007, 10.1016/j.surg.2006.08.001 (2006).

	21.	 Bonnet, S. et al. Prophylactic lymph node dissection for papillary thyroid cancer less than 2 cm: implications for radioiodine 
treatment. The Journal of clinical endocrinology and metabolism 94, 1162–1167, doi:10.1210/jc.2008-1931 (2009).

	22.	 Buffet, C. et al. Scoring system for predicting recurrences in patients with papillary thyroid microcarcinoma. European journal of 
endocrinology/European Federation of Endocrine Societies 167, 267–275, doi:10.1530/eje-12-0105 (2012).

	23.	 Hay, I. D. et al. Papillary thyroid microcarcinoma: a study of 900 cases observed in a 60-year period. Surgery 144, 980–987; 
discussion 987–988, 10.1016/j.surg.2008.08.035 (2008).

	24.	 Pisanu, A., Reccia, I., Nardello, O. & Uccheddu, A. Risk factors for nodal metastasis and recurrence among patients with papillary 
thyroid microcarcinoma: differences in clinical relevance between nonincidental and incidental tumors. World journal of surgery 33, 
460–468, doi:10.1007/s00268-008-9870-8 (2009).

	25.	 Zhang, L. et al. Risk factors for neck nodal metastasis in papillary thyroid microcarcinoma: a study of 1066 patients. The Journal of 
clinical endocrinology and metabolism 97, 1250–1257, doi:10.1210/jc.2011-1546 (2012).

	26.	 Koo, B. S. et al. Occult contralateral carcinoma in patients with unilateral papillary thyroid microcarcinoma. Annals of surgical 
oncology 17, 1101–1105, doi:10.1245/s10434-009-0906-6 (2010).

Author Contributions
All authors contributed to the design of the study and writing of the manuscript. C.P.L. and S.T.W. undertook the 
research, W.Z. and Y.W.G. performed the analyses, Z.M.L. and T.H. wrote the main manuscript text and prepared 
figures 1–3. All authors reviewed the manuscript.

Additional Information
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.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1089/thy.2015.0020
http://dx.doi.org/10.3322/caac.21338
http://dx.doi.org/10.1210/jc.2013-2503
http://dx.doi.org/10.1210/jc.2013-2503
http://dx.doi.org/10.1007/s00268-009-0375-x
http://dx.doi.org/10.1038/ncpendmet0428
http://dx.doi.org/10.1089/thy.2007.0005
http://dx.doi.org/10.1007/s00268-007-9453-0
http://dx.doi.org/10.1007/s00268-007-9453-0
http://dx.doi.org/10.1016/j.surg.2014.08.037
http://dx.doi.org/10.1210/jc.2005-0285
http://dx.doi.org/10.1097/SLA.0b013e31814697d9
http://dx.doi.org/10.1002/(ISSN)1097-0142
http://dx.doi.org/10.1016/j.surg.2009.09.014
http://dx.doi.org/10.1677/erc-08-0119
http://dx.doi.org/10.1016/j.surg.2006.08.001
http://dx.doi.org/10.1210/jc.2008-1931
http://dx.doi.org/10.1530/eje-12-0105
http://dx.doi.org/10.1016/j.surg.2008.08.035
http://dx.doi.org/10.1007/s00268-008-9870-8
http://dx.doi.org/10.1210/jc.2011-1546
http://dx.doi.org/10.1245/s10434-009-0906-6
http://creativecommons.org/licenses/by/4.0/

	Total tumour diameter is superior to unifocal diameter as a predictor of papillary thyroid microcarcinoma prognosis

	Results

	Discussion

	Conclusion

	Methods

	Study Population. 
	Surgical strategy. 
	Pathological confirmation. 
	Statistical Analysis. 

	Figure 1 Kaplan-Meier analysis of recurrence-free survival of unifocal papillary thyroid cancer with a diameter >1 cm and ≤2 cm (group A) and multifocal papillary thyroid microcarcinoma with a total tumour diameter (TTD) >1 cm and ≤2 cm (group B).
	Figure 2 Kaplan-Meier analysis of recurrence-free survival of unifocal papillary thyroid cancer with a diameter of ≤1 cm (group C) and multifocal papillary thyroid microcarcinoma with a total tumour diameter (TTD) of ≤1 cm (group D).
	Figure 3 Kaplan-Meier analysis of recurrence-free survival of unifocal papillary thyroid cancer with a diameter of ≤1 cm (group C) and multifocal papillary thyroid microcarcinoma with a total tumour diameter (TTD) of >1 cm (group E).
	Figure 4 Kaplan-Meier analysis of recurrence-free survival of multifocal papillary thyroid microcarcinoma with a total tumour diameter (TTD) of ≤1 cm (group D) and multifocal papillary thyroid microcarcinoma with a total tumour diameter (TTD) of >1 cm (gr
	Table 1 Basic clinicopathological characteristics of the papillary thyroid microcarcinoma patients (n = 1102) and papillary thyroid carcinoma (1 < unifocal with diameter ≤ 2 cm) (n = 210).
	Table 2 Differences in lymph node metastasis between the different tumour size groups.
	Table 3 Differences in lymph node metastasis between the different extrathyroid extension groups.
	Table 4 Differences in lymph node metastasis between the different local infiltration groups.




