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Abstract

Objective: The inflammatory microenvironment has been implicated in differentiated 
thyroid cancer (DTC). Inflammatory stimuli induce the release of components of 
neutrophils into extracellular space, leading to formation of neutrophil extracellular trap 
(NET), which can stimulate growth and progression of cancer. Generation of activated 
factor XII and thrombin is also involved in cancer progression. This study attempted 
to determine whether the level of circulating markers of NET, activated factor XII, and 
endogenous thrombin potential may be useful for detecting the recurrence of DTC.
Methods: A total of 122 patients with DTC were recruited during the postoperative 
follow-up period. Measurement of the levels of circulating markers of NET (neutrophil 
elastase, histone–DNA complex, cell-free dsDNA), activated factor XII, and endogenous 
thrombin potential was performed.
Results: A significantly elevated level of neutrophil elastase was detected in patients with 
recurrence (n = 12) compared to those without recurrence (n = 110), while significant 
elevation of the levels of other markers was not observed. The value for area under  
the curve (0.717, P = 0.018) of neutrophil elastase for detecting recurrence of DTC  
was superior to that (0.661, P = 0.051) of serum thyroglobulin. An elevated level of 
neutrophil elastase was significantly associated with recurrence of DTC independent  
of serum thyroglobulin.
Conclusions: Because an elevated level of neutrophil elastase was detected in patients with 
recurrence of DTC and showed a significant association with recurrence of DTC, it can be 
proposed as a novel biomarker for use in detecting recurrence of DTC along with other tests.

Introduction

Differentiated thyroid cancer (DTC) is the most  
commonly diagnosed endocrine malignancy (1) and  
the risk of its recurrence varies from patient to patient, 
ranging from less than 5% to more than 20% (2). 
Efforts have been made to identify various biomarkers 

for detecting recurrence of DTC (3), however, serum 
thyroglobulin is still primarily used for follow-up of 
patients with DTC, particularly after total thyroidectomy 
and radioactive iodine ablation (4). In DTC patients 
receiving other treatment, the clinical utility of serum 
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thyroglobulin can be obscured (5) and detection of cancer 
recurrence relies heavily on other tests such as imaging 
studies (2). Limitations of serum thyroglobulin assays 
and caveats regarding interpretation of their results  
have also been well recognized (6).

Inflammation is a fundamental feature of cancer and 
a number of studies have reported on its implications in 
thyroid cancer (7). Neutrophils have critical functions 
in the inflammatory response and their complex roles 
in cancer are believed to be related to the surrounding 
microenvironment (8). In thyroid cancer, activation and 
recruitment of neutrophils to tumor sites as well as their 
contribution to the angiogenic and inflammatory tumor 
microenvironment has been demonstrated (9, 10).

Upon activation, release of histones, DNA strands, 
and proteolytic enzymes such as neutrophil elastase by 
neutrophils into extracellular spaces leads to formation 
of neutrophil extracellular trap (NET) (11). NET has 
been linked with pathogenesis of cancer, including  
proliferation of cancer cells, angiogenesis, awakening 
dormant cancer cells, and metastasis (12, 13). Therefore, 
studies addressing the significant association of NET 
with risk of recurrence in several cancers have recently 
been reported (14, 15). However, little is known about the 
association of NET with recurrence of DTC.

Cancer cells have the capacity to activate coagulation 
factor XII (16), leading to initiation of the contact  
system and the subsequent pro-inflammatory process (17).  
Activation of the contact system by NET can also occur 
through contact with negatively charged surfaces of 
exposed DNA (18). Enhanced generation of thrombin by 
cancer cells, which is also well recognized (19), is related 
to tumor growth and progression (20). The impact of 
thrombin generation on cancer recurrence has been 
examined in several cancers (21, 22). However, it is still 
not known whether activated factor XII and generation  
of thrombin are associated with recurrence of DTC.

In this study the levels of circulating NET, activated 
factor XII, and thrombin generation were measured in 
patients with DTC during the postoperative follow-up 
period in order to determine whether the markers can  
be considered useful for detecting recurrence of DTC.

Materials and methods

Study population

Patients with DTC undergoing postoperative follow-up 
after total thyroidectomy or thyroid lobectomy were the 
subjects of this study. A total of 122 consecutive patients 

who visited Ulsan University Hospital for postoperative 
follow-up were enrolled after providing written consent. 
The study was approved by the hospital’s Institutional 
Review Board (UUH IRB 2021-08-031) and was conducted 
in accordance with the Declaration of Helsinki.  
A retrospective review of electronic medical records 
was conducted for collection of data on the dates and 
methods of operation and histopathologic findings for 
each patient. Staging of tumor–node–metastasis (TNM) 
was based on the eighth edition of the American Joint 
Committee on Cancer/Union for International Cancer 
Control (AJCC/UICC) staging system. Patients diagnosed 
with other malignancies were excluded. Recurrence 
of DTC was determined by endocrinologists based on 
clinical course, laboratory results, imaging studies, and 
histopathologic findings. Patients were classified into 
two groups according to recurrence status. Patients who 
developed recurrence prior to enrollment were classified  
as patients with recurrence. Patients who had not 
developed recurrence prior to enrollment were classified 
as patients without recurrence.

Measurements of NET markers, activated factor 
XII, and endogenous thrombin potential

Peripheral blood from each patient was collected in 
sodium citrate tubes (Becton Dickinson, San Jose, CA, 
USA). Complete blood cell count, coagulation test, thyroid 
function test, and measurements of serum thyroglobulin 
and anti-thyroglobulin antibodies were performed for 
each patient during postoperative follow-up. Plasma 
from each sample was obtained by centrifuging remnant 
samples at 1550 g for 15 min and stored at −70°C until 
thawing for use in the study. Measurement of the level of 
selected biomarkers was performed as follows: The level 
of neutrophil elastase was measured with the Human  
PMN-Elastase Platinum ELISA kit (eBioscience, Vienna, 
Austria); the level of histone–DNA complex was 
measured with the Cell Death Detection ELISA kit (Roche 
Diagnostics); the level of cell-free dsDNA was measured 
with the Fluoroskan Ascent microplate fluorometer 
(Thermo Fisher Scientific Inc.) and the Quant-iT 
PicoGreen dsDNA reagent (Molecular Probes); the level 
of activated factor XII was measured with the CoaChrom 
Factor XIIa test kit (CoaChrom Diagnostica GmbH, Maria 
Enzersdorf, Austria). Evaluation of thrombin generation 
can be performed using the thrombin generation assay. 
The assay measures endogenous thrombin potential, 
which reflects the amount of thrombin activated by 
tissue factor (23). Measurement of endogenous thrombin 
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potential was performed using the Fluoroskan Ascent 
fluorometer (Thermo Labsystems, Helsinki, Finland) and 
the Thrombinoscope (Thrombinoscope BV, Maastricht, 
the Netherlands) as previously described (23).

Statistical analyses

Examination of significance of differences in variables 
between the two patient groups was performed with 
the Mann–Whitney U-test for continuous variables 
and Fisher's exact test for categorical variables. Receiver 
operating characteristics (ROC) curve analyses were 
performed to assess performance of NET markers, 
activated factor XII, and endogenous thrombin potential 
in detecting recurrence of DTC. Calculation of optimal 
cutoff values for each biomarker was also performed using 
ROC curve analyses. Logistic regression analyses were 
performed to determine association between elevated 
levels of selected biomarkers and recurrence of DTC. 
Collinearity between biomarkers was considered during  
the analyses and results were expressed with odds ratio 
(OR) and 95% CI for each biomarker. Variables that 
showed statistical significance in the univariable analyses 
were included in the multivariable analyses. In addition, 
linear regression analyses were performed to examine 
correlation between variables. Statistical significance 
was considered at a two-tailed P < 0.05. GraphPad Prism 
version 9.3.0 (GraphPad Software), MedCalc Software 
version 20.218 (MedCalc Software, Ostend, Belgium) and 
IBM SPSS Statistics version 25.0 (IBM Corp.) were used  
in performance of statistical analyses.

Results

Clinicopathologic characteristics of patients

Among 122 patients with DTC, 12 patients (9.8%) 
developed cancer recurrence. No difference in age, sex, 
and tumor size was observed between patients with 
recurrence and those without recurrence (Table 1). Twelve 
patients (100%) with recurrence and 99 patients (90.0%) 
without recurrence underwent total thyroidectomy. In 
both groups, T3b was the most prevalent stage, followed 
by T1a. Stages N1a and N1b were more common in 
patients with recurrence (75.0% vs 39.1%) than in those 
without recurrence. Distant metastasis was detected 
in one patient (0.9%) without recurrence. AJCC/UICC 
prognostic stage I showed the greatest prevalence in both 
groups, followed by stage II. The proportion of patients 

who received postoperative radioactive iodine therapy  
did not significantly differ between two groups.

Difference in the levels of biomarkers according to 
DTC recurrence status

The level of serum thyroglobulin was significantly higher 
in patients with recurrence compared to those without 
recurrence (Table 2). No difference in the proportion of 
patients who were positive for serum anti-thyroglobulin 
antibody (>20.0 IU/mL) was observed between the two 
groups. No differences in the levels of triiodothyronine, 
free thyroxine, and thyroid-stimulating hormone 
were observed between the two groups. The level of 
triiodothyronine was not measured in five patients 
without recurrence. The level of neutrophil elastase was 

Table 1 Clinicopathologic characteristics of 122 patients with 
differentiated thyroid cancer.

Characteristics
With recurrence 

(n = 12)

Without 
recurrence 

(n = 110) P

Age (years) 55.0 (40.5–63.8) 58.0 (49.0–65.0) 0.497
Female sex 12 (100.0) 89 (80.9) 0.125
Tumor size (mm) 12.5 (5.0–27.5) 8.0 (6.0–13.0) 0.305
Operation 0.599
 Total 

thyroidectomy
12 (100) 99 (90.0)

 Thyroid 
lobectomy

0 (0.0) 11 (10.0)

Primary tumor 
stage

0.100

 T1a 4 (33.3) 42 (38.2)
 T1b 0 (0.0) 9 (8.2)
 T2 1 (8.3) 2 (1.8)
 T3a 1 (8.3) 0 (0.0)
 T3b 6 (50.0) 57 (51.8)
 T4a or T4b 0 (0.0) 0 (0.0)
Regional lymph 

node stage
0.034

 N0 3 (25.0) 67 (60.9)
 N1a 7 (58.3) 35 (31.8)
 N1b 2 (16.7) 8 (7.3)
Distant 

metastasis stage
1.000

 M0 12 (100.0) 109 (99.1)
 M1 0 (0.0) 1 (0.9)
AJCC/UICC 

prognostic stage
1.000

 I 11 (91.7) 98 (89.1)
 II 1 (8.3) 12 (10.9)
Postoperative RAI 

therapy
11 (91.7) 78 (70.9) 0.177

Numbers are presented as median (interquartile range) or number of 
patients (percentages).
AJCC/UICC, American Joint Committee on Cancer/Union for International 
Cancer Control; RAI, radioactive iodine.
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significantly higher in patients with recurrence (median, 
116.7 ng/mL vs 35.9 ng/mL, P = 0.014) compared to 
those without recurrence. No difference in the levels 
of absolute neutrophil count, other markers of NET 
(histone–DNA complex and cell-free dsDNA), activated 
factor XII, and endogenous thrombin potential was 
observed between the two groups. Distribution of serum 
thyroglobulin and neutrophil elastase levels in patients is  
shown in Fig. 1.

Performance of biomarkers for detecting 
recurrence of DTC

ROC curve analyses were performed to assess performance 
of NET markers, activated factor XII and endogenous 
thrombin potential in detecting recurrence of DTC, along 
with calculation of optimal cutoff values and values for 
area under the curve (AUC) (Fig. 2). Evaluation of the 
performance of serum thyroglobulin, a well-recognized 
follow-up biomarker for DTC, was also performed using 
ROC curve analyses for comparison. The AUC value 
for the neutrophil elastase level was 0.717 (95% CI, 
0.628–0.795, P = 0.018), which was superior to that of 
serum thyroglobulin level, 0.661 (95% CI, 0.569–0.744, 
P = 0.051). The AUC values for other biomarkers did not 
show statistical significance. A combination marker 
model of serum thyroglobulin and neutrophil elastase 
was constructed using a logistic regression and the model 
yielded an AUC value of 0.750 (95% CI, 0.664–0.824, 
P = 0.008).

Based on the cutoff values calculated in ROC curve 
analyses, assessment for recurrence of DTC was performed 
using logistic regression analyses (Table 3). In univariable 
logistic regression analyses, an elevated level of serum 
thyroglobulin (>0.07 ng/mL), neutrophil elastase (>64.0 

ng/mL), and histone–DNA complex (>187.0 AU) showed 
an association with an increased risk of DTC recurrence. 
Multivariable analyses were performed using biomarkers 
that showed statistical significance in univariable  
analyses and collinearity between these variables was 
considered. In multivariable analyses, an elevated level  
of neutrophil elastase (OR, 7.37, P = 0.005) and  
histone–DNA complex (OR, 4.96, P = 0.016) showed 
an independent association with an increased risk  
of DTC recurrence. In multivariable linear regression, 
the level of histone–DNA complex (β = 0.304, P < 0.001) 

Table 2 Laboratory results for 122 patients with differentiated thyroid cancer.

Tests With recurrence (n = 12) Without recurrence (n = 110) P

Thyroglobulin (ng/mL) 0.13 (0.00–5.60) 0.00 (0.00-0.10) 0.026
Positive anti-thyroglobulin Ab (number) 0 (0.0) 3 (2.7) 1.000
Triiodothyronine (ng/mL)a 1.0 (0.8–1.2) 1.0 (0.9–1.1) 0.781
Free thyroxine (ng/mL) 1.8 (1.4–1.8) 1.6 (1.4–1.8) 0.355
Thyroid-stimulating hormone (mIU/mL) 0.2 (0.0–0.7) 0.1 (0.0–0.4) 0.273
Absolute neutrophil count (/µL) 3537 (2808–4624) 3192 (2731–3903) 0.298
Neutrophil elastase (ng/mL) 116.7 (50.1–445.1) 35.9 (28.4–73.2) 0.014
Histone–DNA complex (AU) 125.0 (52.0–319.5) 82.0 (50.0–156.0) 0.624
Cell-free dsDNA (ng/mL) 99.0 (84.2–126.8) 89.7 (76.4–119.1) 0.206
Activated factor XII (U/L) 33.3 (22.1–59.5) 31.3 (25.2–54.1) 0.901
Endogenous thrombin potential (nM · min) 1532.9 (1444.2–1727.3) 1511.3 (1381.0–1721.4) 0.502

Numbers are presented as median (interquartile range) or number of patients (percentages).
aTriiodothyronine level was not measured in five patients without recurrence.
Ab, antibody; ds, double-stranded.
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Figure 1
Distribution of the level of (A) serum thyroglobulin and (B) neutrophil 
elastase in patients with differentiated thyroid cancer with recurrence  
(n = 12) and without recurrence (n = 110) shown in box and whisker 
plots. The median and interquartile range (IQR) are shown in the plots. 
Outliers (>1.5 × IQR) are included in the analyses but not shown in the 
plots for clarity.
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contributed significantly to the level of neutrophil  
elastase (Table 4).

Discussion

The results of this study showed a significant elevation of 
the level of neutrophil elastase in patients with recurrence 
of DTC. Neutrophil elastase exerts pro-tumorigenic effects 
(24) and promotes dissemination and metastasis of tumor 
cells (25). It is involved in awakening cancer cells that are 
in dormancy, which has been linked to cancer recurrence 
(12) and has shown association with prognosis of cancer 
patients (26). Cancer cells have the capacity to produce 
neutrophil elastase (27) and upregulation of neutrophil 
elastase has been observed in various types of cancer 
(26). A high level of neutrophil elastase in breast tumor 
extracts is regarded as an independent indicator of poor 

prognosis and poor response to tamoxifen therapy (28). 
Because neutrophil elastase originates mainly from 
neutrophils (29) and its circulating level was measured in 
our study, neutrophils in blood circulation are its likely 
source. It is noteworthy that the levels of neutrophil 
elastase differed between patients with recurrence and 
those without recurrence while no difference in absolute 
neutrophil count was observed between the two groups. 
Therefore, the elevation of neutrophil elastase level 
observed in patients with recurrence of DTC might be due 
to distinctive behaviors of neutrophils in these patients, 
such as production of neutrophil elastase.

Thyroid cancer cells produce granulocyte–
macrophage colony-stimulating factor, which leads 
to activation of neutrophils, and also directly induce 
activation of neutrophils (10). Activated neutrophils 
induce expression of vascular endothelial growth factor 
A and matrix metallopeptidase 9, thereby contributing 

Figure 2
Performance of the level of serum thyroglobulin 
and neutrophil elastase in detecting recurrence of 
differentiated thyroid cancer evaluated using 
receiver operating characteristic curve (ROC) 
analysis. Values for area under the ROC curve 
(AUC) for each curve are presented with the 95% 
CI. The biomarker ‘Thyroglobulin + neutrophil 
elastase’ represents a combined model of 
thyroglobulin and neutrophil elastase.
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Table 3 Odds ratios regarding association between biomarkers and recurrence of differentiated thyroid cancer.

Univariable Multivariable Multivariable
OR (95% CI) P OR (95% CI) P OR (95% CI) P 

Thyroglobulin (>0.07 vs  
≤0.07 ng/mL)

3.91 (1.15–13.29) 0.029 3.71 (1.02–13.42) 0.046 4.79 (1.31–17.52) 0.018

Thyroid-stimulating hormone 
(>0.24 vs ≤0.24 mIU/mL)

0.42 (0.11–1.62) 0.205

Neutrophil elastase (>64.0 vs  
≤64.0 ng/mL)

7.65 (1.94–30.12) 0.004 7.37 (1.83–29.78) 0.005

Histone–DNA complex (>187.0 vs 
≤187.0 AU)

4.00 (1.18–13.61) 0.026 4.96 (1.35–18.26) 0.016

Cell-free dsDNA (>79.0 vs  
≤79.0 ng/mL)

6.04 (0.75–48.56) 0.091

Activated factor XII (>36.7 vs  
≤36.7 mg/mL)

2.06 (0.62–6.82) 0.239

Endogenous thrombin potential 
(>1417.6 vs ≤1417.6 nM · min)

4.92 (0.61–39.65) 0.134

Multivariable logistic regression analyses were performed using statistically significant biomarkers in univariable analyses and collinearity between 
histone–DNA complex and neutrophil elastase was considered.
OR, odds ratio; CI, confidence interval; ds, double-stranded.
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to the angiogenic and inflammatory microenvironment 
of thyroid cancer (10). Thyroid cancer cells also secrete 
interleukin 8 for recruitment of neutrophils to tumor 
sites and formation of an immunosuppressive tumor 
microenvironment, eventually promoting cancer 
progression (9). Neutrophil-to-lymphocyte ratio has been 
examined, in this perspective, for its prognostic value in 
patients with thyroid cancer, and studies have yielded 
conflicting results (30).

During the inflammatory response, activated 
neutrophils can form NET consisting of histones, DNA 
strands, and proteolytic enzymes such as neutrophil 
elastase (11). An association of inflammation with 
recurrence of several cancer types has been reported 
(31, 32), therefore, it is probable that elevation of the 
neutrophil elastase level is a result of active formation 
of NET accompanied by inflammation in patients with 
recurrence of DTC. Except for neutrophil elastase, no 
significant elevation of the other NET markers, histone–
DNA complex, and cell-free dsDNA was detected in 
patients with recurrence of DTC. This finding can likely 
be attributed to rapid escape of neutrophil elastase from 
azurophilic granules upon activation of neutrophils 
while formation of histone–DNA complex occurs after 
translocation of neutrophil elastase into the nucleus (33).

NET plays substantial roles in cancer progression 
through promotion of angiogenesis and proliferation of 
tumor cells (34). NET also contributes to cancer recurrence 
and metastasis by awakening dormant cancer cells (12) 

and capturing circulating tumor cells (35). Significant 
association of NET markers with recurrence and prognosis 
in various types of cancer has been demonstrated (36, 37). 
A study of patients with primary hepatic malignancies 
reported shorter recurrence-free survival in patients with 
a high level of NET markers (36). Relation of an elevated 
level of NET markers with poor prognosis in high-grade 
ovarian cancer has been reported (15). Similarly, we 
observed that an elevated level of neutrophil elastase  
was an independent marker for detecting recurrence 
of DTC. Our results showed that an elevated level of  
histone–DNA complex was also useful in detecting 
recurrence of DTC even though significant difference 
in its level was not observed between the two groups. 
Neutrophil elastase is required for formation of histone–
DNA complex (33) and linear regression analyses showed 
significant correlation between the level of histone–DNA 
complex and neutrophil elastase. Therefore, conduct of 
additional studies including a larger number of patients 
may lead to discovery of statistically significant differences 
in the level of histone–DNA complex according to  
recurrence status.

Our results demonstrated the significant effectiveness 
of neutrophil elastase for detecting recurrence of DTC, 
which was superior to serum thyroglobulin. Serum 
thyroglobulin has been used for decades as a reliable  
marker for detecting recurrence of DTC after total 
thyroidectomy and radioactive iodine ablation (2). 
Nevertheless, it is widely acknowledged that careful 

Table 4 Contributing factors to the level of neutrophil elastase assessed by linear regression.

Variables
Univariable Multivariable Multivariable

β s.e. P β S.E. P β S.E. P

Age (years) −2.038 1.812 0.263 −0.178 1.426 0.901 −1.462 1.670 0.383
Female sex 41.902 51.295 0.416 26.185 37.797 0.490 30.327 44.716 0.499
Thyroglobulin (ng/mL) −0.009 0.027 0.742 −0.008 0.020 0.692 −0.008 0.023 0.742
Positive anti-thyroglobulin 

Ab
194.849 124.107 0.119 −41.532 109.513 0.705 −9.739 130.053 0.940

Triiodothyronine (ng/mL) 84.535 83.127 0.311 75.355 74.896 0.317 104.228 88.707 0.243
Free thyroxine(ng/mL) 56.837 69.834 0.417 26.551 56.902 0.642 1.418 67.103 0.983
Thyroid-stimulating 

hormone (mIU/mL)
−18.485 11.957 0.125 −6.111 9.347 0.515 −16.018 10.896 0.145

Absolute neutrophil  
count (/uL)

0.016 0.015 0.294 −0.009 0.013 0.467 −0.005 0.015 0.749

Histone–DNA complex (AU) 0.295a 0.052 <0.001 0.307a 0.046 <0.001
Cell-free dsDNA (ng/mL) 1.557a 0.585 0.009 0.820 0.534 0.128
Activated factor XII (U/L) 0.729 0.414 0.081 −0.113 0.336 0.737 0.593 0.377 0.118
Endogenous thrombin 

potential (nM · min)
0.006 0.061 0.916 −0.015 0.048 0.746 −0.050 0.056 0.374

Regression coefficients (β) and associated standard errors (SEs) are presented. Multiple linear regression analyses were performed using all variables and 
collinearity between NET markers was considered.
aP < 0.05
Ab, antibody; ds, double-stranded.
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interpretation of the level of serum thyroglobulin is 
required due to limitations of thyroglobulin assays (38). 
In particular, anti-thyroglobulin antibodies present in 
approximately 20% of patients with DTC can interfere 
with measurements of serum thyroglobulin and thereby 
hinder the use of serum thyroglobulin for follow-up  
(39). Treatments other than total thyroidectomy and 
radioactive iodine ablation draw attention to the  
necessity for use of other follow-up biomarkers as 
the utility of serum thyroglobulin is complicated by 
thyroglobulin from remnant thyroid tissue (5). Our  
results demonstrated that an elevated level of neutrophil 
elastase was a significant marker for detecting recurrence 
of DTC independent of serum thyroglobulin. Thus, 
additional use of neutrophil elastase may be helpful in 
detecting cancer recurrence in patients with DTC.

Factor XII, following activation by contact with 
negatively charged surfaces, drives the kallikrein–
kinin system, leading to formation of bradykinin, an 
inflammation-promoting peptide (40). Aggregation, 
degranulation, and activation of neutrophils can also be 
induced by activated factor XII (41), contributing to the 
inflammatory microenvironment. Thus, association of 
factor XII with cancer-related inflammation and cancer 
progression has been reported. Regarding its effect on 
prognosis of patients with thyroid cancer, Luo et  al. 
observed an association of overexpression of factor 
XII genes with poorer overall survival in patients with 
papillary thyroid cancer (42). Involvement of thrombin 
in angiogenesis, tumor progression, and metastasis 
(20) has been described and an association between
generation of thrombin and cancer recurrence has been
reported (21). A study of breast cancer patients reported 
that high endogenous thrombin potential was observed
in patients with very early relapse (21). In our results, no
association was observed between the level of activated
factor XII, endogenous thrombin potential, and 
recurrence of DTC. This result is likely due to the relatively 
small sizes of DTC tumors in our study compared with
other solid tumors. Therefore, additional studies will
be necessary in order to understand the implications
of activated factor XII and thrombin generation, 
particularly in cases of extensive metastatic DTC where
greater tumor burden can be expected.

This study has several limitations. First, this study 
included few DTC patients with AJCC/UICC prognostic 
stage III and IV. It is consistent with the previous study 
which reported a significant decrease in the number of 
patients with stage III and IV after reclassification based 
on AJCC eighth edition (43). The significant association of 

the level of neutrophil elastase with cancer recurrence even 
in DTC patients expected to have a favorable prognosis 
is remarkable. Second, because the clinical utility of 
serum thyroglobulin level has not been well-established 
in follow-up of patients after thyroid lobectomy (5), 
there is interest in identification of new biomarkers for 
these patients. Unfortunately, because only 11 patients 
in our study population without recurrence underwent 
thyroid lobectomy, additional statistical analyses were 
unavailable. Studies on association between the level of 
neutrophil elastase and recurrence of DTC in patients 
who underwent thyroid lobectomy may provide useful 
information. Finally, this study was a retrospective cross-
sectional study. Thus, conduct of prospective validation 
studies including a larger number of patients with DTC is 
warranted in order to validate our findings.

In summary, this study demonstrated that the level 
of circulating neutrophil elastase was elevated in patients 
with recurrence of DTC and that an elevated level of 
neutrophil elastase showed a significant association with 
recurrence of DTC independent of serum thyroglobulin.

Conclusion

Because the level of circulating neutrophil elastase has 
significant value for use in detecting recurrence of DTC 
independent of serum thyroglobulin, it can be proposed 
as an additional biomarker for use in follow-up of DTC.  
In the near future, conduct of prospective validation 
studies on the clinical usefulness of neutrophil elastase 
in detecting recurrence of DTC is warranted, along with 
examination of the behaviors and roles of neutrophil 
elastase and NET in the pathogenesis of DTC recurrence.
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