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Abstract. – OBJECTIVE: This work aimed 
to construct and validate a model for predict-
ing distant metastasis (DM) in thyroid carcino-
ma (TC) patients aged≥50.  

PATIENTS AND METHODS: The research 
data were collected from the Surveillance, Ep-
idemiology, and End Results (SEER) program 
databases via SEER*Stat software (https://seer.
cancer.gov/). Logistics regression was used to 
screen the independent risk factors for TC pa-
tients. The nomogram was constructed and 
validated based on the logistics regression 
results for predicting DM occurrence in TC 
patients. Moreover, the characteristic curves 
(ROC) were used to assess the predictive per-
formance. The decision analysis curve (DCA) 
and the calibration curve were used to test this 
nomogram’s accuracy and discrimination. Ad-
ditionally, we analyzed survival and risk scores 
in TC patients with metastasis using the Ka-
plan-Meier (KM) method.

RESULTS: A total of 11,166 TC patients were 
divided into a training set and a validation set. 
The results showed that topography (T), lymph 
node metastasis (N), and (grade) G were cru-
cial risk factors for predicting DM. ROC analy-
sis showed that the model had a good discrimi-
native ability both in the training and validation 
set. The DCA curve showed greater net benefits 
across a range of DM risks for the nomogram in 
the training and validation set. Survival analyses 
showed that the metastasis cases with low-risk 
scores have shown a poorer prognosis in this 
study, both in the training and validation set.

CONCLUSIONS: The nomogram model had 
excellent predictive performance and net ben-
efit for predicting DM of TC patients aged ≥50. 
The model can help doctors develop treatment 
plans for their patients.
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and elderly people.

Introduction

Thyroid cancer (TC) is the most frequent en-
docrine cancer in the human body. According 
to the Global Cancer Statistics 2020, TC is re-
sponsible for 586,000 cases worldwide, ranking 
in 9th place for incidence. Its mortality rates are 
much lower. Based on statistical data, the annual 
global death toll for patients with TC was 44,000 
deaths, equating to 8 deaths per 1,000,000 pa-
tients with TC1. There are four main subtypes 
containing papillary thyroid carcinoma (PTC), 
follicular thyroid carcinoma (FTC), medullary 
thyroid carcinoma (MTC), and anaplastic thyroid 
cancer (ATC)2. The risk factors for thyroid can-
cer include ionizing radiation, obesity, hormonal 
exposures, environmental pollution, and so on3. 
In current clinical practice, surgery is the general 
treatment for thyroid cancer, and is divided into 
total thyroidectomy and subtotal thyroidectomy. 
The extent of surgical resection is determined 
by a variety of factors, such as the patient’s age, 
gender, occupation, whether there is a family hi-
story of thyroid cancer, whether there is a history 
of neck radiotherapy, tumor size, lesion location, 
metastasis status, whether the patient has other 
underlying diseases and so on4. Some studies5-7 
suggested that total thyroidectomy and unilate-
ral gland lobe (plus isthmus) resection were not 
different in reducing the recurrence rate and im-
proving the survival rate of differentiated thyroid 
cancer (DTC) patients without any risk factors.

Lim et al8 indicated that compared with uni-
lateral lobectomy plus isthmus resection, total 
thyroidectomy was a better surgical procedure 
for thyroid cancer patients with lesions tumor 
size > 1 cm located in the isthmus. Based on 
the follow-up data of 61,775 DTC patients in the 
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National Cancer Database, Adam et al9 found no 
significant difference in overall survival between 
DTC patients with a size of 1-4 cm after lobec-
tomy and total thyroidectomy after multivariate 
adjustment. However, the subgroup analysis of tu-
mor size of 2-4 cm showed that the HR value was 
1.93, and when the tumor size was > 2 cm and the 
number of metastatic lymph nodes was > 2, the 
risk of long-term recurrence after thyroidectomy 
was significantly increased10. Conventional 131I 
therapy and thyroid stimulating hormone (TSH) 
suppression therapy were carried out to reduce 
the probability of recurrence according to the 
patient’s condition after surgery. However, a pro-
portion of patients still develop distant metastases 
or recurrence, reducing the long-term survival of 
patients. Its mortality rate and treatment burden 
are improved due to distant metastases. 

For distant metastases of thyroid cancer, the 
most common ones are lung metastases and bone 
metastases, of which 85.6% of lung metastases 
in differentiated thyroid cancer2. Therefore, it 
is very important to predict the recurrence and 
metastasis of patients according to risk factors. 
Nixon et al11 indicated that about half of the 
patients with well-differentiated thyroid cancer 
presenting with distant metastases die of the di-
sease within 5 years of initial diagnosis despite 
thyroid surgery and RAI and lung distant meta-
stases play an important role in poor prognosis in 
those patients aged>45. Wang et al12 constructed a 
nomogram that had good discrimination and was 
based on surgery, tumor size, topography (T), 
lymph node metastasis (N), metastasis (M), age, 
and other clinical features to predict cancer-spe-
cific survival in older patients with PTC. Park et 
al13 predict the survival prognosis of PTC patients 
by using machine learning methods. 

The Surveillance, Epidemiology, and End Re-
sults (SEER) is a National Cancer Institute databa-
se that captures the incidence, mortality, and dise-
ase status of millions of patients with malignancies 
in selected states and counties in the USA. The 
SEER database is designed to reduce the burden 
of cancer in the US population, the tumor infor-
mation in the database is standardized through 
the SEER*Stat software (https://seer.cancer.gov/) 
and is regularly updated and published. Oncolo-
gy researchers worldwide have requested access 
to some of the data, which provides an excellent 
source for clinical researchers who lack clinical 
research data. In addition, the large sample size 
and statistical power of the SEER database allow 
studies based on the SEER database to have high 

clinical reference values. There were many retro-
spective studies based on the SEER database. For 
instance, Zhao et al14 researched the relationship 
between clinicopathological characteristics and 
survival outcomes in patients with Paget’s dise-
ase using SEER databases. Safi et al15 examined 
the impact of adverse cardiotoxic reactions from 
immunotherapy on patients’ overall survival (OS) 
based on data from the SEER database of patients 
with advanced non-small cell lung cancer.

In this study, our aim was to construct and va-
lidate the model for predicting distant metastasis 
(DM) in patients who developed TC and aged mo-
re than 50 based on the SEER database. This work 
could provide new clinical ideas for treatment.

Patients and Methods

Data Source
We collected clinical and demographic data on 

patients from the SEER database (https://seer.can-
cer.gov/). It is an authoritative source of cancer 
statistics in the USA. SEER is the Surveillance, Epi-
demiology, and End Results program that provides 
information on cancer statistics to reduce the cancer 
burden in the US population. SEER is supported by 
the Surveillance Research Program (SRP) in NCI’s 
Division of Cancer Control and Population Sciences 
(DCCPS). It covers 34.6% of the US population and 
collects case information from 18 population-based 
cancer registries16. It is a public database, and the 
researcher can access the data after the application. 

Data Extraction
The screening criteria contained (1) primary 

site in the thyroid gland, (2) age greater than or 
equal to 50 years. We collected patients’ infor-
mation on age, ethnicity, T, N, M, subtype, vital 
status, stage, sex, grade (G), cancer-specific sur-
vival (CSS), and survival months. The population 
consists of the following age groups: 50-54 years, 
75-79 years, 65-69 years, 55-59 years, 80-84 ye-
ars, 70-74 years, 60-64 years, and 85+ years. The 
primary site of tumors in the population is the 
thyroid gland. The patients contain a variety of 
thyroid cancer subtypes for this study. The histo-
pathological subtype was based on Third Revision 
Histopathological codes (ICD-O-3). The ICD-O-3 
were listed in the Supplementary Table I.

Statistical Analysis
In this study, a nomogram was used to build 

models to predict the risk of metastasis events in 

https://www.europeanreview.org/wp/wp-content/uploads/supplementary-Table-I.pdf
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thyroid cancer patients. SPSS version 23.0 (IBM 
Corp., Armonk, NY, USA) software was used for 
data collection and analysis. The incidence rates 
of metastasis and no metastasis were calculated 
by dividing the total number of patients both in 
the training set and validation set. Categorical 
variables were expressed as a percentage (%) and 
compared using the Chi-square test. 

Quantitative data conforming to normal di-
stribution and homogeneity of variance were 
expressed by mean±standard deviation and the 
t-test for comparison between the two groups 
(M1 and M0). Variables with statistically signi-
ficant differences between groups were included 
in the univariate and multivariate logistic re-
gression analysis to determine the independent 
influencing factors for the occurrence of DM, 
with a test level of 0.05. The results were pre-
sented as adjusted odds ratios (OR) with 95% 
confidence intervals (CI).

Then, the risk score of patients was calcula-
ted based on risk factors and the corresponding 
logistics regression coefficient as follows: Risk 
score=β1× the value of risk factors 1+β2×the 
value of factors 1+......+βn× the value of risk 
factors n, where β is the multivariate regression 
coefficient of the corresponding risk factor, and 
the value of risk factors is the value of the cor-
responding risk factors. 

The Kaplan-Meier (KM) method was used to 
analyze the relationship between risk score and the 
survival of patients with M1 and examined diffe-
rences in survival between the patients of high-risk 
and low-risk groups by Log-rank tests. Otherwise, 
the nomogram was constructed based on key risk 
factors using R software. Then, the three methods 
containing ROC, DCA, and calibration curves 
were used to evaluate the predictive performance 
of the model. Concretely, the ROC package of R 
software was used to plot the ROC curve, which 
is a tool for assessing the predictive performance 
of the model. A decision analysis curve (DCA), 
which is a new evaluation algorithm, was used to 
plot for calculating the net benefit of the prediction 
model. In addition, the study design flow chart is 
shown in the Supplementary Figure 1. 

Results

Patient Characteristics
A total of 11,166 patients with thyroid can-

cer, including 3,274 (29.32%) males and 7,892 
(70.68%) females were collected from the SEER 

databases. 2,698 (24.16%) of them were within 
the age range of 50-54 years. 687 (6.15%) of 
them were within the age range of 75-79 years. 
1,677(15.02%) were within the age range of 65-
69 years. 2,424 (21.71%) were within the age 
range of 55-59 years. 348 (3.12%) were within 
the age range of 80-84 years. 1,052 (9.42%) 
were within the age range of 70-74 years. 2,022 
(18.11%) were within the age range of 60-64 ye-
ars. 258 (2.31%) aged more than 85. The white 
patients, the black patients, and patients of other 
ethnicities were 9,091 (81.42%), 1,375 (12.31%), 
and 608 (5.45%), respectively. In this study, 
most patients were in stage I (5,933; 53.13%) and 
stage III (2,357; 21.11%), followed by stage IV 
(1,550; 13.88%), and the smallest numbers were 
in stage II (1326; 11.88%). All patients were as-
sessed for neoplasm disease lymph node stage, 
of whom 8,929 (79.97%) were N0 and 2,237 
(20.03%) were N1. The number of patients at 
stages T0, T1, T2, T3, and T4 was 16 (0.14%), 
6,706 (60.06%), 1,579 (14.30%), 2,213 (19.82%), 
and 634 (5.68%), respectively. Of those patients 
who were followed up, 9,536 (85.4%) survived, 
and 1,630 (14.6%) died. The number of patients 
at M0 and M1 was 10,850 (97.170%) and 316 
(2.83%), respectively. The number of patients 
alive and those who died of other causes was 
10,590 (94.84%), and those who died due to 
thyroid cancer were 561 (5.02%). The number of 
patients at G I, G II, G III, and G IV was 1,931, 
396, 163, and 223, respectively. The number of 
patients at M0 and M1 was 10,850 (97.170%) and 
316 (2.83%), respectively.

Those patients were divided into training sets 
containing 7,443 patients and validation sets con-
taining 3,723 patients. The propensity score ma-
tching analysis was conducted to exclude diffe-
rences in patient age and gender between the two 
sets. Table I shows that some clinic information 
had no significant difference between the training 
set and the validation set.

Univariate Analysis
The results of the univariate analysis showed 

that those variables were different between the 
M0 group and M1 group, and they were statisti-
cally significant both in training sets and valida-
tion sets. Those variables contained age, ethnici-
ty, T, N, CSS status, overall survival (OS) status, 
grade (G), sex, subtype, and survival months. The 
differences were statistically significant (p<0.05) 
when comparing the groups. The results of the 
analysis of variables are given in Table II. 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-56.pdf
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Table I. Baseline clinical characteristics of patients with thyroid cancer.

                           Set (n=11166)

Variables Validation set (n=3,723) Training set (n=7,443) χ²/F p

Age   0.005 1.000
50-54 years 900 (24.2%) 1,798 (24.2%)  
75-79 years 229 (6.2%) 458 (6.2%)  
65-69 years 560 (15.0%) 1,117 (15.0%)  
55-59 years 808 (21.7%) 1,616 (21.7%)  
80-84 years 116 (3.1%) 232 (3.1%)  
70-74 years 350 (9.4%) 702 (9.4%)  
60-64 years 674 (18.1%) 1,348 (18.1%)  
85+ years 86 (2.3%) 172 (2.3%)  
Ethnicity    36.205 0.030
White 2,956 (79.4%) 6,135 (82.4%)  
Other 511 (13.7%) 864 (11.6%)  
Black 203 (5.5%) 405 (5.4%)  
Unknown 53 (1.4%) 39 (0.5%)  
T    5.553 0.235
T2 506 (13.6%) 1,091 (14.7%)  
T4 223 (6.0%) 411 (5.5%)  
T1 2,221 (59.7%) 4,485 (60.3%)  
T3 769 (20.7%) 1,444 (19.4%)  
T0 4 (0.1%) 12 (0.2%)  
N   7.646 0.006
N0 2,922(78.5%) 6,007 (80.7%)  
N1 801 (21.5%) 1,436 (19.3%)  
Subtype   0.783 0.941
PTC 3,287 (88.3%) 6,544 (87.9%)  
FTC 166 (4.5%) 357 (4.8%)  
MTC 69 (1.9%) 145 (1.9%)  
ATC 76 (2.0%) 149 (2.0%)  
Others 125 (3.4%) 248 (3.3%)  
Vital status    0.065 0.799
Alive 3,184 (85.5%) 6,352 (85.3%)  
Dead 539 (14.5%) 1,091 (14.7%)  
Stage   10.799 0.013
III 821 (22.1%) 1,536 (20.6%)  
IV 554 (14.9%) 996 (13.4%)  
I 1,936 (52.0%) 3,997 (53.7%)  
II 412 (11.1%) 914 (12.3%)  
Sex   0.013 0.908
Male 1,089 (29.3%) 2,185 (29.4%)  
Female 2,634 (70.7%) 5,258 (70.6%)  
M   0.315 0.574
M0 3,613 (97.0%) 7,237 (97.2%)  
M1 110 (3.0%) 206 (2.8%)  
Grade    108.119 0.001
I 837 (22.5%) 1,094 (14.7%)  
III  53 (1.4%) 110 (1.5%)  
II 109 (2.9%) 287 (3.9%)  
IV 74 (2.0%) 149 (2.0%)  
Unknown 2,650 (71.2%) 5,803 (78.0%)  
CSS   5.853 0.055
Alive or dead of other cause 3,516 (94.4%) 7,074 (95.0%)  
Dead (attributable to this cancer dx) 198 (5.3%) 363 (4.9%)  
Unknown  9 (0.2%) 6 (0.1%)  
Survival months 50.561±30.707 50.791±30.94 0.137 0.711

CSS: cancer-specific survival.
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Table II. Comparison of basic variables between the M0 group and the M1 group.

 Training set (N=7443)   Validation set (N=3723)

 M0 M1   M0 M1 
Variables (N=7237)  (N=206)  χ²/F p (N=3613)  (N=110)  χ²/F p

Age   167.94 <0.001   91.385 <0.001
85+ years 146 (2.0%) 26 (12.6%)   896 (24.8%) 4 (3.6%)  
50-54 years 1,777 (24.6%) 21 (10.2%)   216 (6.0%) 13 (11.8%)  
55-59 years 1,593 (22.0%) 23 (11.2%)   545 (15.1%) 15 (13.6%)  
80-84 years 219 (3.0%) 13 (6.3%)   795 (22.0%) 13 (11.8%)  
70-74 years 684 (9.5%) 18 (8.7%)   103 (2.9%) 13 (11.8%)  
75-79 years 425 (5.9%) 33 (16.0%)   327 (9.1%) 23 (20.9%)  
65-69 years 1,079 (14.9%) 38 (18.4%)   654 (18.1%) 20 (18.2%)  
60-64 years 1,314 (18.2%) 34 (16.5%)   77 (2.1%) 9 (8.2%)  
T   970.104 <0.001   509.237 <0.001
T3 1,388 (19.2%) 56 (27.2%)   495 (13.7%) 11 (10.0%)  
T2 1,073 (14.8%) 18 (8.7%)   164 (4.5%) 59 (53.6%)  
T1 4,464 (61.7%) 21 (10.2%)   2,210 (61.2%) 11 (10.0%)  
T4 302 (4.2%) 109 (52.9%)   742 (20.5%) 27 (24.5%)  
T0 10 (0.1%) 2 (1.0%)   2 (0.1%) 2 (1.8%)  
N    176.794 <0.001   129.6 <0.001
N1 1,322 (18.3%) 114 (55.3%)   729 (20.2%) 72 (65.5%)  
N0 5,915 (81.7%) 92 (44.7%)   2,884 (79.8%) 38 (34.5%)  
Cause-specific    1502.669 <0.001    741.932 <0.001
death
Dead  235 (3.2%) 128 (62.1%)   3,475 (96.2%) 41 (37.3%)  
Alive or dead 6,997 (96.7%) 77 (37.4%)   129 (3.6%) 69 (62.7%)  
of other cause
Unknown 5 (0.1%) 1 (0.5%)   9 (0.2%) 0 (0.0%)  
Grade   965.714 <0.001   529.12 <0.001
III 90 (1.2%) 20 (9.7%)   820 (22.7%) 17 (15.5%)  
Unknown 5,695 (78.7%) 108 (52.4%)   2,607 (72.2%) 43 (39.1%)  
I 1,085 (15.0%) 9 (4.4%)   105 (2.9%) 4 (3.6%)  
IV 87 (1.2%) 62 (30.1%)   43 (1.2%) 31 (28.2%)  
II 280 (3.9%) 7 (3.4%)   38 (1.1%) 15 (13.6%)  
Ethnicity    11.871 0.008   18.502 <0.001
White 5,981 (82.6%) 154 (74.8%)   2,884 (79.8%) 72 (65.5%)  
Other  826 (11.4%) 38 (18.4%)   483 (13.4%) 28 (25.5%)  
Black 391 (5.4%) 14 (6.8%)   193 (5.3%) 10 (9.1%)  
Unknown 39 (0.5%) 0 (0.0%)   53 (1.5%) 0 (0.0%)  
Stage   1,371.371 <0.001   648.381 <0.001
IV 790 (10.9%) 206 (100.0%)   3,240 (89.7%) 47 (42.7%)  
I 3,997 (55.2%) 0 (0.0%)   156 (4.3%) 10 (9.1%)  
II 914 (12.6%) 0 (0.0%)   61 (1.7%) 8 (7.3%)  
III 1,536 (21.2%) 0 (0.0%)   47 (1.3%) 29 (26.4%)  
Vital status    572.834 <0.001   310.62 <0.001
Dead 941 (13.0%) 150 (72.8%)   459 (12.7%) 80 (72.7%)  
Alive 6,296 (87.0%) 56 (27.2%)   3,154 (87.3%) 30 (27.3%)  
Sex   43.536 <0.001   6.329 0.012
Female 5,155 (71.2%) 103 (50.0%)   2,569 (71.1%) 66 (60.0%)  
Male 2,082 (28.8%) 103 (50.0%)   1,046 (29.0%) 44 (40.0%)  
Subtype   1007.83 <0.001   420.802 <0.001
PTC 6,451 (89.1%) 93 (45.1%)   3,225 (89.3%) 47 (42.7%)  
FTC 337 (4.7%) 20 (9.7%)   156 (4.3%) 10 (9.1%)  
MTC 133 (1.8%) 12 (5.8%)   61 (1.7%) 9 (8.2%)  
ATC 84 (1.2%) 65 (31.6%)   47 (1.3%) 29 (26.4%)  
Others 232 (3.2%) 16 (7.8%)   124 (3.4%) 5 (4.5%) 6.329 0.012
Survival 56.938±34.14 49.15±33.15 10.438 0.001 50.469±30.63 53.564±33.08 1.084 0.298
months

CSS: cancer-specific survival.
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Test of Logistic Regression Model
The above statistically significant variables 

were included in the logistic regression to explore 
independent factors affecting metastase events in 
thyroid cancer patients. The results of univariable 
logistic regression showed that age, ethnicity, T, 
N, stage, sex, subtype, and G were independent 
factors affecting the occurrence of metastases. 
Those variables were included in multivariate 
logistic regression for calculation. The T, N, and 
G were independent factors affecting the occur-
rence of metastases (Table III).

Construction and Assessment of the 
Nomogram

According to the key risk factors screened by 
logistic regression, the nomogram containing T, N, 
and G was established and shown in Figure 1. The 
model showed a great discriminative ability by 
ROC analysis both in the training set (Figure 2A, 
AUC: 0.914; 95%CI: 0.881-0.946) and validation 
set (Figure 2B, AUC: 0.889; 95%CI: 0.847-0.932). 
The calibration plots of the nomogram showed 
consistency between the actual observations and 
the predicted DM, both in the training (Figure 
2C) and validation cohorts (Figure 2D). The DCA 
curve showed greater net benefits across a range 
of DM risks for the nomogram in the training set 
(Figure 3A) and validation (Figure 3B).

The Survival Analyses of TC Patients 
with Metastasis

We analyzed the survival and risk scores in 
TC patients with metastasis by the Kaplan-Meier 
method and compared them using the log-rank test 
on OS. According to the KM plots, the metastasis 
cases with low-risk scores have shown a poorer 
prognosis in this study both in the training set 
(p<0.001, Figure 4A) and validation set (p<0.001, 

Figure 4B). The correlation between the survival 
and risk scores in TC patients with metastasis was 
also investigated by using Kaplan-Meier analysis 
with the log-rank test on CSS both in the training 
set and validation set. The results showed that the 
metastasis cases with low-risk scores have shown a 
poorer prognosis both in the training set (p<0.001, 
Figure 4C) and validation set (p<0.001, Figure 4D).

Discussion

The incidence of thyroid cancer was the seven-
th highest cancer according to the Global Cancer 
Survey 20201,17. Patients with thyroid cancer are 

Figure 1. The nomogram for predicting the occurrence of 
metastases in patients with thyroid cancer.

Table III. Univariate and multivariate logistic regression analysis of the risk factors in patients with M0.

 Univariate logistic regression analysis Multivariate logistic regression analysis

Variables  B p OR (95% CI) B p OR (95% CI)

Age 0.351 <0.001 1.421 (1.323-1.519) 0.054 0.386 1.055 (0.935-1.191)
Ethnicity 0.301 <0.001 1.351 (1.133-1.611) 0.312 0.065 1.366 (0.981-1.903)
T 1.468 0.002 4.342 (3.684-5.118) 0.539 0.009 1.713 (1.142-2.571)
N 1.713 <0.001 5.544 (4.186-7.344) 0.613 0.019 1.846 (1.107-3.079)
Stage 17.036 0.950 /    
Sex -0.907 <0.001 0.404 (0.306-0.533) -0.373 0.142 0.689 (0.419-1.134)
Subtype 0.695 <0.001 2.003 (1.842-2.179) 0.174 0.113 1.189 (0.959-1.476)
G 1.521 <0.001 4.577 (3.669-5.711) 0.838 <0.001 2.311 (1.585-3.371)

OR: odds ratio; CI: Confidence interval.
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very unlikely to develop distant metastases (in-
cluding lung, bone, liver, and brain metastases), 
but they have a severely reduced survival time 
when they do18-20. Metastasis of TC was crucial 
for survival in older patients due to a positive 
correlation with age12,21. Scholars22 have shown 
that the frequency of metastasis in elderly pa-
tients was higher than in young patients, and 
they often have a poorer prognosis than young 
patients. However, studies on DM in elderly pa-
tients with TC were rare. SEER currently collects 
and publishes cancer incidence and survival data 
from population-based cancer registries covering 
approximately 48.0 percent of the US population. 
There have been many discoveries based on the 
SEER database. For example, radical surgery can 
achieve better results for non-metastatic bladder 
cancer than radiotherapy23. Compared with other 
interventional radiology methods for the treat-
ment of non-HCC liver cancer, heat-radio-fre-
quency ablation may improve the survival rate24. 
Radiotherapy was associated with poor prognosis 
in patients with ovarian cancer regardless of 

pathology or stage25. Zhang et al26 indicated that 
the disease of young patients with metastatic 
breast cancer was more aggressive, but the pro-
gnosis was better, and the prognosis of the young 
patients was better than the prognosis of the older 
group. Some prediction models were constructed 
based on the SEER database. For instance, Wang 
et al27 constructed a prognostic nomogram for 
cervical cancer patients. Yao et al28 included 
age, tumor location, histological type, T stage, 
carcinoembryonic antigen level, tumor deposits, 
Log odds of metastatic lymph nodes, and extra-
peritoneal metastasis to establish a risk model for 
peritoneal metastasis of rectal cancer.

Hence, we constructed the model to predict 
DM for them based on the SEER databases. Spe-
cifically, we collected and analyzed the clinical 
characteristics and demographic information of 
TC patients. Then, we established and validated 
the nomogram based on key metastasis risk fac-
tors for TC patients aged ≥50. We also used three 
methods for assessing the predictive performance 
of the nomogram model. The results showed that 

Figure 2. AUC for predict-
ing the occurrence of metas-
tases in the training set (A) 
and validation set (B). Cal-
ibration curve of the nomo-
gram in the training set (C) 
and validation set (D).
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T, N, and G, were key risk factors for DM in 
elderly TC patients. The ROC curve showed that 
this model had a good predictive performance. 
The calibration plots of the nomogram showed 
good agreement between the actual observations 
and the predicted DM. Moreover, the DCA cur-
ve showed greater net benefits across a range of 
DM risks for the nomogram. 

There was a set of studies about risk factor 
predicting models for patients with TC. Vuong et 
al29 indicated that many clinical parameters affect 
DM in patients with TC, for instance, age, sex, 
gender, tumor size, vascular invasion, and lymph 
node metastasis via a meta-analysis of relevant 
studies. Of those factors, age, vascular invasion, 
extrathyroidal extension, and lymph node meta-
stasis were important risk factors for DM in both 

the PTC subtype and FTC subtype. In this study, 
lymph node metastasis was one of the significant 
factors for DM in patients with TC. This was also 
consistent with prior studies by Qiao et al30. Their 
research indicated that age, gender, ethnicity, ma-
rital status, histological type, capsular invasion, 
and number of lymph node metastases were key 
factors of DM and constructed a predicted DM 
model including those factors for patients with TC 
based on the SEER database. Lymph node meta-
stasis is the first step of DM in a variety of human 
cancers. Lymphatic metastasis-competent cancer 
cell lines can upregulate the expression of inter-
feron-inducible genes (ISGs), such as MHC-I and 
PD-L1, which help tumor cells evade killing by 
NK cells and T cells, and thus successfully coloni-
zing lymph nodes. Then, lymph node tumor cells 

Figure 3. DCA of the nomo-
gram in the training set (A) and 
validation set (B).
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promote Treg differentiation by increasing TGF-β, 
which generates a tumor-specific immune toleran-
ce microenvironment that subsequently facilitates 
distant tumor colonization31-34. Nonetheless, age 
was not the crucial factor for the prediction of DM 
because the participants were more than 49 years 
old. The age of 45 years serves as a critical thre-
shold for tumor metastasis in patients with TC, as 
indicated by numerous studies in the literature35-37. 
To the best of our knowledge, it is the first time 
that G has been included in a predictive model of 
tumor metastasis in patients with TC. The tumor 
G score means the tumor differentiation grade of 
heterogeneity. The higher the degree of differentia-
tion, the closer it is to normal cells. The low grade 
of tumor differentiation and large size of the tumor 
reflects the malignancy and growth time of the 
tumor respectively, both of which are related to the 
tendency of the tumor to invade and metastasize38.

The results showed that the metastasis cases 
with low-risk scores have a poorer prognosis in 
this work. This result is consistent with previous 
findings12. Older patients are more likely to de-
velop complications in treatment due to poor 
physical exercise. In addition, TSH inhibition in 
older patients with thyroid cancer is associated 
with an increased risk of atrial fibrillation, car-
diovascular disease, and CSS12,39,40.

One major merit of our study was that the 
SEER database provides a very large number of 
samples to construct the DM prediction model for 
TC patients aged ≥50 years. 

Limitations
However, like previous retrospective case-con-

trol studies, causal inference is limited. There-
fore, our results and conclusions should only be 
used to assess the risk of distance metastases in 

Figure 4. Kaplan-Meier curves for the value of risk-score in metastasis patients for the OS in the training set (A) and 
validation set (B). Kaplan-Meier curves for the value of risk-score in metastasis patients for the CSS in the training set (C) and 
validation set (D).
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TC patients aged ≥50 and should be validated by 
rigorously designed follow-up cohort studies. Cli-
nical features and personal details were limited. 
Future studies with a wider range of variables 
are needed to validate our findings further. This 
study solely concentrated on the demographics 
of the United States, potentially restricting its 
applicability to other populations. Although our 
column line graphs were validated by the internal 
dataset, future prospective worldwide studies still 
need to externally validate our results.

Conclusions

To better predict the occurrence of DM in TC pa-
tients aged ≥50, we have established and validated 
a nomogram. The proposed nomogram contained 
three risk factors: T, N, and G. In addition, patients 
with DM and lower risk scores had higher survival 
probability. Our nomogram can predict the DM 
of patients with TC and provide a reference value 
for doctors to formulate patients’ treatment plans. 
Compared with the nomogram established in other 
articles already reported, this nomogram showed 
greater predictive performance and was simpler.
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