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Preoperative serum thyroglobulin is a risk factor of skip 
metastasis in papillary thyroid carcinoma
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Background: Lymph node metastasis of papillary thyroid carcinoma (PTC) was a significant risk factor of 
local recurrence and distant metastasis, and our study aimed to identify predictive factors of skip metastasis 
in PTC, helping surgeons to build a strategy when facing patients in N1b stage with clinical central lymph 
node-negative.
Methods: A total of 304 patients who underwent total thyroidectomy with central and lateral lymph node 
dissection and were diagnosed PTC with lateral lymph node metastasis (LLNM) in the Department of 
General Surgery at Guangdong Provincial People’s Hospital were enrolled. We collected clinicopathological 
characteristics and analyzed their correlation with skip metastasis by univariate and multivariate analysis.
Results: The incidence of skip metastasis in PTC was 14.8%. Univariate analysis showed that age, tumor 
diameter, primary tumor location, and preoperative serum thyroglobulin (Tg) were risk factors. Age (P=0.049, 
OR =3.418), primary tumor location (P<0.001, OR =7.279), and Tg (P=0.038, OR =9.412) were independent 
predictors in PTC by multivariate analysis.
Conclusions: Skip metastasis of PTC was significantly associated with preoperative serum Tg ≤77 ng/mL, 
tumor diameter ≤10 mm, age ≥55, and tumor located in the upper lobe. It is the first time to demonstrate 
that Tg is associated with skip metastasis of PTC.
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Introduction

The incidence rate of thyroid cancer continues to increase, 
and papillary thyroid carcinoma (PTC) represents the most 
common subtype of thyroid cancer (1,2). PTC prefers to 
metastasize through the lymphatic channel, and lymph 
node metastasis can be found in 27–80% of PTC patients, 
which is a significant risk factor of local recurrence and 

distant metastasis (3-6). Traditionally, the central lymph 
node compartment is regarded as the first metastatic site, 
and the lateral cervical compartment is the subsequent site, 
basing on the anatomic lymphatic channels (7). However, 
skip metastasis, defined as jump metastasis to the lateral 
neck without central lymph node metastasis (CLNM), 
sometimes happens (8). According to the previous studies, 
the incidence of skip lymph node metastasis ranges from 

389

https://crossmark.crossref.org/dialog/?doi=10.21037/atm.2019.10.92


Huang et al. Preoperative serum Tg is a risk factor of skip metastasis in PTC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):389 | http://dx.doi.org/10.21037/atm.2019.10.92

Page 2 of 7

6.8–37.5% in PTC (8-11). And lymph node metastasis is 
significantly associated with recurrence of PTC (12,13). 
However, clinical and pathological risk factors for skip 
metastasis of PTC remain uncertain.

Recently, the utility of preoperative serum thyroglobulin 
(Tg) in the diagnosis and evaluation of differentiated 
thyroid carcinoma (DTC) raises clinicians’ notice. Some 
research demonstrated a significantly higher level of 
preoperative serum Tg in DTC patients and found 
preoperative serum Tg was a predictive factor for metastasis 
of DTC patients (14-17). Less research studied the relation 
between preoperative serum Tg and lymph node metastasis. 
Furthermore, no study explored whether preoperative 
serum Tg was making an influence in skip metastasis of 
PTC.

We focused our study on investigating the predictive 
factors of skip metastasis in PTC patients. Not only did 
we study the clinicopathological characteristics, but we 
also included several common laboratory indexes, such 
as preoperative serum Tg, anti-thyroglobulin antibody 
(TGAb), anti-thyroid peroxidase antibody (A-TPO) and 
thyrotropin receptor antibody (TRAb).

Methods

General clinical materials

Patients with suspicious of PTC and LLNM who 
underwent total thyroidectomy with central and lateral 
lymph node dissection were reviewed retrospectively in 
this study. The reservation upon them lasts from October 
2015 to June 2019, carried in the Department of General 
Surgery at Guangdong Provincial People’s Hospital. 
Preoperative assessment of lymph node metastasis included 
ultrasonic examination (US), neck computed tomography 
scan (CT), and positron emission tomography-computed 
tomography (PET-CT). The US was routinely performed 
to assess the lymph node status in all these patients. CT and 
PET-CT were used only in some patients as needed. Fine-
needle aspiration (FNA) was not used for the diagnosis of 
lymph node metastasis routinely in our hospital. The levels 
of serum Tg (normal value ranges from 3.5–77 ng/mL),  
TGAb (normal value ranges from 0–115 IU/mL), A-TPO 
(normal value ranges from 0–34 IU/mL) and TRAb 
(normal value ranges from 0–1.75 IU/L) were measured 
in the Laboratory Department of our hospital within one 
month before surgery. Patients were diagnosed with PTC 
with LLNM by general pathological examination in the 

Pathology Department of our hospital; what all of them 
received is their very first treatment. The central lymph 
node dissection in our department is performed superiorly 
to the thyroid cartilage, inferiorly to the innominate 
vein, laterally to the carotid sheaths and posteriorly to 
the prevertebral fascia. Lateral lymph node dissection is 
performed superiorly to the posterior belly of the digastric 
muscle, inferiorly to the subclavian vein, and laterally to the 
anterior border of the trapezius muscle, which is also called 
level II–V dissection.

Some patients were excluded from our study basing on 
any one of the following criteria: no lateral lymph node 
metastasis (LLNM), no complete ipsilateral central plus 
lateral lymph node dissection, received prior surgery or 
radiotherapy of the neck, combined with other types of 
thyroid malignancy, bilateral tumors or tumors in the 
isthmus, combined with other distant metastasis. Finally, 
the total number of 304 patients met our criteria.

Statistical analysis

Data collection was performed using Microsoft Excel. 
Statistical analysis was performed by using IBM SPSS 
statistics 25.0 software. Univariate analyses by the X2 
test or Fisher’s exact test were performed to investigate 
the relationships between PTC and clinicopathologic 
characteristics. Multivariate analysis was performed by 
binary logistic regression. P values <0.05 were considered 
statistically significant.

Results

Characteristics of patient and tumor

In this study, 304 patients met our criteria were enrolled. 
Among them, 191 (62.8%) of them were women, and 113 
(37.2%) were men. The mean age was 37.9±13.0 years, 
ranging from 5 years to 76 years, and there were 39 (12.8%) 
patients aged ≥55 years and 265 (87.2%) aged <55 years. 
Papillary thyroid microcarcinoma (PTMC) was found in 
95 (31.3%) patients, while conventional PTC (CPTC, 
tumor with a maximum diameter of more than 10 mm) 
was found in 209 (68.8%) patients. A total of 127 patients 
exhibited capsule invasion, and 64 exhibited extracapsular 
extension. Seventy-seven (25.3%) patients were diagnosed 
with autoimmune thyroid disease by general pathological 
examination. Ninety-eight (32.2%) of the primary tumors 
located in the upper lobe and 148 (48.7%) were in the 
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middle or lower lobe. There were 58 patients that we could 
not define the locations of the tumor. Normal Tg (Tg  
≤77 ng/mL) was shown in 161 patients, while 45 patients 
had elevated Tg (Tg >77 ng/mL); the other 98 patients 
did not measure serum Tg before surgery. And details of 
thyroid autoantibody were shown in Table 1. Among all the 
patients, 45 (14.8%) were diagnosed as skip metastases.

Predictive factors of skip metastasis in PTC

In the univariate analyses, as shown in Table 2, we found that 
skip metastasis was significantly related to age (P=0.041), tumor 
diameter (P=0.006), primary tumor location (P<0.001) and 
preoperative serum Tg (P=0.043). There were no significant 
differences in other clinicopathological factors such as capsule 
invasion, extracapsular extension, multifocality, autoimmune 
thyroid disease, TGAb, A-TPO, or TRAb. For the multivariate 
analysis, a binary logistic regression was performed, and it 
revealed age (P=0.049, OR =3.418, 95% CI: 1.006–11.612), 
primary tumor location (P<0.001, OR =7.279, 95% CI: 2.668–
19.856) and Tg (P=0.038, OR =9.412, 95% CI: 1.126–78.664) 
were independent predictors of skip metastases, as shown in  
Table 3.

Discussion

From the traditional point of view, lymphatic metastasis 
first takes place in the central compartment and invades 
the lateral sections subsequently (9). It relaxes our 
vigilance when the central compartment comes negative. 
Consequently, we may underestimate the risk of LLNM. 
In our study, the incidence of skip metastasis is 14.8%. 
According to the previous studies, the incidence of skip 

Table 1 Patient demographics and clinicopathological characteristics 
(n=304)

Characteristics Results

Gender

Male 113

Female 191

Age (mean ± SD) 37.9±13.0

<55 years 265

≥55 years 39

Tumor diameter

≤10 mm 95

>10 mm 209

Capsule invasion

Yes 127

No 177

Extracapsular extension

Yes 64

No 240

Primary tumor location

Upper 98

Others 148

Cannot define 58

Autoimmune thyroid disease

Yes 77

No 227

Multifocality

Yes 132

No 172

Tg

≤77 ng/mL 161

>77 ng/mL 45

TGAb

≤115 IU/mL 122

>115 IU/mL 47

A-TPO

≤34 IU/mL 122

>34 IU/mL 37

Table 1 (continued)

Table 1 (continued)

Characteristics Results

TRAb

≤1.75 IU/L 85

>1.75 IU/L 13

Skip metastases

Yes 45

No 259

Tg, thyroglobulin; TGAb, anti-thyroglobulin antibody; A-TPO, 
anti-thyroid peroxidase antibody; TRAb, thyrotropin receptor 
antibody.
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metastasis ranged from 6.8–37.5% (8-11), which could not 
be ignored in clinical practice. Although the significance 
of skip metastasis of PTC is unclear, other malignancies, 
such as gastric cancer and non-small cell lung cancer, were 
reported to have a bad influence on prognosis (18,19). Thus, 
it is urgent to determine the risk factor of skip metastasis.

In our study, we found tumor diameter ≤10 mm was a 
statistically risk factor by univariate analysis. It was also 
confirmed by other researchers (9,11,20,21). However, we 
found no significant difference using multivariate analysis. 
Most of the studies used 10 mm as the cutoff point. Nie et al.  
highlighted the correlation between tumor size ≤5 mm 
and skip metastasis (22). Therefore, the accurate cutoff 
point of tumor diameter needs further exploration. Besides, 
according to the American Joint Committee on Cancer 
(AJCC) thyroid cancer staging system (8th edition), we 
applied the age of 55 as the cutoff value, and we found 
age ≥55 was independently risk factors (P=0.049, OR 
=3.418). And PTC located in the upper lobe showed 
a remarkable difference in two PTC groups (P<0.001,  
OR =7.279). Likhterov et al. explained in an anatomic level 
that different lymphatic channels drained the thyroid gland, 
and lymphatic drainage of the upper lobe may proceed 
along the superior pole vessels, bypassing the central 
compartment (7). Tumor site was accepted as a predictive 
factor of PTC (10,11,20-22).

Another novel finding was that normal Tg was more 
likely to present with skip metastasis than elevated Tg 
(P=0.038, OR =9.412, with 95% CI: ranged from 1.126–
78.664). Tg is a secretory protein synthesized in the 
thyrocyte endoplasmic reticulum, and its functions are iodide 
storage and thyroid hormonogenesis (14,23). Tg is widely 
used for monitoring for DTC recurrence and diagnosis of 
lymphatic metastasis lymph node fine-needle aspiration 
biopsy (24,25). However, whether preoperative serum Tg 
could predict the malignancy or lymphatic metastasis of 
PTC is still controversial. Patell et al. showed that there was 
no correlation between Tg and metastasis (26).

Table 3 Multivariate analysis of the risk factors of PTC

Characteristics P value OR 95% CI

Age (≥55/<55 years) 0.049 3.418 1.006–11.612

Primary tumor location 
(upper/others)

<0.001 7.279 2.668–19.856

Tg (≤77/>77 ng/mL) 0.038 9.412 1.126–78.664

PTC, papillary thyroid carcinoma; Tg, thyroglobulin.

Table 2 Univariate analysis of the risk factors of PTC

Characteristics Skip (−) Skip (+) P value

Gender 0.808

Male 97 16

Female 162 29

Age 0.041*

<55 years 230 35

≥55 years 29 10

Tumor diameter 0.006*

≤10 mm 73 22

>10 mm 186 23

Capsule invasion 0.359

Yes 111 16

No 148 29

Extracapsular extension 0.559

Yes 56 8

No 203 37

Primary tumor location <0.001*

Upper 71 27

Others 135 13

Multifocality 0.616

Yes 114 18

No 145 27

Autoimmune thyroid disease 0.087

Yes 61 16

No 198 29

Tg 0.043*

≤77 ng/mL 135 26

>77 ng/mL 43 2

TGAb 0.485

≤115 IU/mL 104 18

>115 IU/mL 38 9

A-TPO 0.175

≤34 IU/mL 101 21

>34 IU/mL 34 3

TRAb 0.765

≤1.75 IU/L 65 20

>1.75 IU/L 11 2

*, symbol for statistically significance. PTC, papillary thyroid 
carcinoma; Tg, thyroglobulin; TGAb, anti-thyroglobulin antibody; 
A-TPO, anti-thyroid peroxidase antibody; TRAb, thyrotropin 
receptor antibody. 
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On the contrary, some underlined preoperative serum Tg 
was at higher level in DTC patients than those with benign 
thyroid nodules, and it was an independent predictive factor of 
DTC (14-16). Scheffler et al. added Tg to the McGill thyroid 
nodule score (MTNS), a scoring system to evaluate the 
malignancy of thyroid nodules, finding that Tg could increase 
the sensitivity of the system (27). They used the cutoff 
value of 75 ng/mL. Kim et al. discovered Tg >63.4 ng/mL  
was useful for predicting initial distant metastasis of DTC 
(P<0.05, OR =9.412) (17). In our study, the incidence of skip 
metastasis in Tg ≤77 ng/mL and Tg >77 ng/mL were 16.1% 
vs. 4.4%, with a P value <0.05 in multivariate analysis. It was 
reasonable to assume that patients with elevated Tg were less 
likely to show skip metastasis. Thus, those patients tended 
to suffer central compartment metastasis. The mechanisms 
of how elevated Tg affects CLNM remains unclear. Low 
et al. proved a negative correlation between the number of 
central dissected lymph nodes and postoperative Tg (28). We 
speculated that the metastatic central tumor burden would 
increase the Tg level.

In consequence, patients with normal Tg were more 
likely to have a skip metastasis. In our study, 2 patients with 
elevated Tg showed a skip metastasis. One patient’s Tg was 
369.1 ng/mL, with tumors located in the upper lobe, and 
he was 65 years old. So, it was inaccurate to predict a skip 
metastasis with a single factor. Another Tg was 135 ng/mL,  
and the number of central dissected lymph nodes was 
only one. It may be falsely negative due to the inadequate 
dissection of central lymph nodes.

Our study aimed to identify predictive factors of skip 
metastasis in PTC, helping surgeons to build a strategy 
when facing patients in the N1b stage with clinical central 
lymph node-negative. However, mechanisms of some of 
our findings needed further explorations. We could not 
eliminate the interference of TGAb to serum Tg. Earlier 
studies had shown TGAb interference limited the utility 
of Tg as a tumor marker in about 30% of TGAb-positive 
patients (29,30). Obtaining authentic Tg required special 
laboratory measurements, such as liquid chromatography-
tandem mass spectrometry (31). The instrumentation of 
laboratory limited it, and the potential benefits of those 
new methods were uncertain. So, we needed to study 
authentic Tg in our further research. In addition, selection 
bias was inevitable due to the reason that prophylactic 
lateral compartment dissection was not recommended by 
international guidelines, and all patients enrolled were 
confirmed with LLNM. Moreover, our study was only a 
single-center retrospective analysis. It needs to be further 

verified by multicenter prospective studies.

Conclusions

In this study, skip metastasis of PTC was significantly 
associated with preoperative serum Tg, which was never 
published or analyzed by other researchers. Other risk 
factors were tumor diameter, tumor location, and age. And 
the independent predictors of skip metastasis in PTC were 
tumor diameter ≤10 mm, age ≥55, the tumor located in 
the upper lobe, and preoperative serum Tg ≤77 ng/mL.  
Thus, these factors are worth being considered by the 
surgeons when evaluating the risk of lymph node metastasis 
of PTC. However, the mechanism of skip metastasis 
remains uncertain, and it needs further explorations. Larger 
multicenter studies are necessary to be carried out to help 
clinicians build a strategy towards skip metastasis.
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