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Background: A good predictive model requires patients to attend consultations for prognosis and
subsequent clinical follow up. The aim of the present study was to build a nomogram chart with independent
prognostic factors for thyroid cancer (T'C) patients with total thyroidectomy.

Methods: This was a retrospective, observational study. Data were collected from the Surveillance,
Epidemiology, End Results (SEER) database and approved by the institutional review board of our
institution. In total, 11,614 patients with TC after thyroidectomy were selected from 2010 to 2015. We
divided the selected patients into a modeling group and a verification group at a ratio of 7:3. The effective
factors were selected to establish the nomogram model through Cox analysis. Finally, internal verification
was carried out through the testing group.

Results: Chi-squared analysis of various factors in the modeling group and the testing group had no
significant statistical significance, indicating that random grouping was meaningful. Most of the T'C patients
were female patients. The following variables were selected through univariate and multivariate Cox analysis
for overall-specific survival: age, histological type, grade, tumor size, stage TMN, and sex. These variables
were used to establish predictions of 3- and 5-year survival rates using a nomogram. Both the modeling
group and the verification group had good predictive ability with their C-index all greater than 0.8.
Conclusions: We established the first postoperative prediction model of TC with total thyroidectomy
through the variables selected via the Cox multivariate analysis, which laid the foundation for the prognostic

prediction and postoperative follow up of each patient.
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Introduction

The incidence of thyroid cancer (T'C) has increased by
211% from 1975 to 2013, with papillary TC (PTC) being
the most common type of TC. Those aged 15-79 years
are most commonly diagnosed with TC. Approximately
10% of PTC patients exhibit recurrences including lymph
node recurrence and lung metastasis, or even death. South
Korea had the greatest increase globally, from 12.2 cases
per 100,000 in 1993-1997 to 59.9 cases per 100,000 in
2003-2007 (1). Although the prevalence rate of TC is
significantly higher than the mortality rate, there has been
a significant increase in the mortality rate since the 1980s,
with an annual rate of 1.1% [95% confidence interval (CI):
0.6-1.6] (2).

The current TC evaluation system is the American Joint
Committee on Cancer (AJCC) TNM staging system, which
includes T staging (representing the size of the primary
tumor and the scope of invasion), N staging (describing
regional lymph node metastasis), and M staging (illustrating
distant metastasis) in clinical practice (3). This can be used
to predict the prognosis of patients and guide specific
treatment methods. With the advancement of precision
medicine, the TMN staging system cannot provide
comprehensive treatment guidance and outcome prediction
for a single patient because it lacks many other important
clinical factors, such as age, sex, and tissue type, which can
have a significant impact on patient outcomes.

The nomogram chart is a statistically-based graphical
tool that plays a significant role in many fields, and is more
commonly used for predictive modeling in clinical practice.
A more accurate predictive model based on the analysis of
big data expressed through graphics can be obtained, which
is convenient for clinicians (4). At present, there is no tool
for predicting a single TC patient after total thyroidectomy.
In the present study, based on the Surveillance,
Epidemiology, End Results (SEER) database (5), we
analyzed the 3- or 5-year mortality of TC patients with
total thyroidectomy, which can provide a basis for follow
up and treatment of T'C cases after surgery. Although,
some nomograms have been constructed for predicting the
survival of TC patients. However, our study is the first time
to highlight the effect of race on thyroid cancer prognosis
and we add it into the nomogram as an independent risk
factor for predicting T'C overall survival (OS).

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-520).
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Methods
Data source

In the present study, eligible data were collected from the
SEER dataset [The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013)],
which is the largest population-based cancer registry of
the USA. The SEER database was launched in 1973 and is
supported and managed by the National Cancer Institute.
The database collects information on patient demographics,
clinical data, tumor features, tumor stage, treatment, and
overall survival (OS) for approximately 30% of the US
population. The data input process of SEER is conducted
by well-trained staff with strict quality control. Data from
1975 to 2009 were deleted due to a lack of adequate surgical
stage information. The inclusion criteria for screening
data in this study were as follows: (I) tumor located in the
thyroid; (II) patients without detailed information about
surgical stage, pathological type, marital status, survival
time, and surgery; (III) patients diagnosed with TC only;
(IV) known cause of mortality; and (V) definite AJCC
tumor classification (7th edition).

Clinical characteristics

The following information was obtained from the SEER
dataset: patient demographics, tumor characteristics,
therapeutic patterns, as well as survival results. Age, race,
year of diagnosis, and marital status were used in the
analysis of patient demographics. Tumor stage, grade,
histological classification, as well as surgery information,
were analyzed for tumor characteristics. Patients were
categorized into different groups according to age (<20,
21-30, 31-40, 41-50, 51-60, 61-70, and >70 years). Marital
status was classified as married or unmarried. Race was
categorized as white, black, and other (including Asian/
Pacific Islanders, and American Indians/Alaskan natives).
Tumor size also was divided into 4 groups (cm): <1.0, 1.1-2,
2.1-4.0, and >4.0. The AJCC 7th surgical-pathological
staging classification was utilized for TNM stage. The
ICD-0-3 site/histology validation list and the World Health
Organization histological classification were employed to
identify PTC (8050/3), follicular TC (8330/3), medullary
TC (8510/3), and anaplastic T'C (8021/3). These 4 types
are the main pathological types of TC (6). Tumor grade
was classified as G1-G4, indicating well differentiation,
moderate differentiation, poor differentiation, and
undifferentiation, respectively. Sex was classified as female
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thyroid cancer diagnosed during and male. In addition, radioisotopes, chemotherapy,

2010-2015 after total thyroidectomy

(N=15,279)

survival less than three
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T stage unknown: N=3
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final analysis
(N=11,614)

Figure 1 Flowchart of study participants.

extrathyroidal extension, and lymphadenectomy were all
divided into 2 groups, namely the treatment group and the

untreated group.

Statistical analysis

Kaplan-Meier method was used to generate various stage
with different therapies OS curves, along with log-rank test
to test statistical significance. The relationship between
TC and survival outcome was evaluated using a Cox
proportional hazard regression model with a hazard ratio
(HR) and corresponding 95% CI. Modeling a nomogram
using R 3.5.0 software (https://www.r-project.org/) and
SPSS version 22 (Chicago, IL, USA) was used for statistical
analysis. P<0.05 was considered statistically significant.

Results
Patient characteristics

Figure 1 shows the process of data exclusion. In Table 1,

Table 1 Clinical and pathological characteristics of patients in the modeling and validation cohorts

Variables All patients Training set Validation set P value
Age, years 0.062
<20 383 (3.3%) 290 (3.6%) 93 (2.7%)
21-30 1,364 (11.7%) 975 (12.0%) 389 (11.1%)
31-40 2,388 (20.6%) 1,681 (20.7%) 707 (20.2%)
41-50 2,713 (23.4%) 1,868 (23.0%) 845 (24.1%)
51-60 2,539 (21.9%) 1,753 (21.6%) 786 (22.4%)
61-70 1,529 (13.2%) 1,047 (12.9%) 482 (13.7%)
>70 698 (6.0%) 494 (6.1%) 204 (5.8%)
Sex 0.909
Female 8,942 (77.0%) 6,245 (77.0%) 2,697 (76.9%)
Male 2,672 (23.0%) 1,863 (23.0%) 809 (23.1%)
Race 0.180
White 9,323 (80.3%) 6,545 (80.7%) 2,778 (79.2%)
Black 859 (7.4%) 587 (7.2%) 272 (7.8%)
Other 1,432 (12.3%) 976 (12.0%) 456 (13.0%)
Histological type 0.991

PTC 10,747 (92.5%) 7,503 (92.5%) 3,244 (92.5%)
FTC 788 (6.8%) 549 (6.8%) 239 (6.8%)
MTC 64 (0.6%) 45 (0.6%) 19 (0.5%)

Table 1 (continued)

© Gland Surgery. All rights reserved.
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Table 1 (continued)

Variables All patients Training set Validation set P value
ATC 15 (0.1%) 11 (0.1%) 4(0.1%)

Grade 0.663
G1 9,455 (81.4%) 6,619 (81.6%) 2,836 (80.9%)
G2 1,808 (15.6%) 1,252 (15.4%) 556 (15.9%)
G3 284 (2.4%) 190 (2.3%) 94 (2.7%)
G4 67 (0.6%) 47 (0.6%) 20 (0.6%)

T stage 0.379
T1 6,398 (55.1%) 4,492 (55.4%) 1,906 (54.4%)
T2 2,198 (18.9%) 1,547 (19.1%) 651 (18.6%)
T3 2,632 (22.7%) 1,804 (22.2%) 828 (23.6%)
T4 386 (3.3%) 265 (3.3%) 121 (3.5%)

N stage 0.445
NO 8,440 (72.7%) 5,909 (72.9%) 2,531 (72.2%)
N1 3,174 (27.3%) 2,199 (27.1%) 975 (27.8%)

M stage 0.155
MO 11,489 (98.9%) 8,028 (99.0%) 3,461 (98.7%)
M1 125 (1.1%) 80 (1.0%) 45 (1.3%)

Radioisotopes 0.770
No 5,271 (45.4%) 3,687 (45.5%) 1,584 (45.2%)
Yes 6,343 (54.6%) 4,421 (54.5%) 1,922 (54.8%)

Chemotherapy 0.693
No 11,581 (99.7%) 8,086 (99.7%) 3,495 (99.7%)
Yes 33 (0.3%) 22 (0.3%) 11 (0.3%)

Extrathyroidal extension 0.247
Absent 9,625 (82.9%) 6,741 (83.1%) 2,884 (82.3%)
Present 1,989 (17.1%) 1,367 (16.9%) 622 (17.7%)

Lymphadenectomy 0.585
No 4,660 (40.1%) 3,240 (40.0%) 1,420 (40.5%)
Yes 6,954 (59.9%) 4,868 (60.0%) 2,086 (59.5%)

Tumor size 0.199
<1.0 3,821 (32.9%) 2,705 (33.4%) 1,116 (31.8%)
1.1-2.0 3,622 (31.2%) 2,485 (30.6%) 1,137 (32.4%)
2.1-4.0 2,947 (25.4%) 2,070 (25.5%) 877 (25.0%)
>4.0 1,224 (10.5%) 848 (10.5%) 376 (10.7%)

Marital status 0.410
Married 7,405 (63.8%) 5,150 (63.5%) 2,255 (64.3%)
Unmarried 4,209 (36.2%) 2,958 (36.5%) 1,251 (35.7%)

PTC, papillary thyroid cancer; FTC, follicular; MTC, medullary; ATC, anaplastic.
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Figure 2 Survival analysis of different treatment methods in different stages.

a total of 11,614 postoperative patients with TC were
randomly allocated to the modeling group and the
verification group at a ratio of 7:3 by R software. Age, sex,
race, tissue type, grade, TMN stage, tumor size, marital
status, and different treatments were not statistically
significant among these variables. Based on the distribution
of the data, 7,405 (63.8%) were married and 4,209 (36.2%)
were unmarried. Extrathyroidal extension had an important
impact on TC recurrence. Additionally, 1,989 (17.1%) had
the extrathyroidal extension and 9,625 (82.9%) did not
have. In addition, 10,747 (92.5%) patients had PTC, 788

© Gland Surgery. All rights reserved.

(6.8%) had FTC, 64 (0.6%) had MTC, and 15 (0.1%) had
ATC. There were 8,942 (77%) females and 2,672 (23%)

males.

Single-factor and multifactor Cox analyses

Survival analysis of different treatment methods
(lymphadenectomy and radiotherapy) in different stages
found that TC patients with lymph node resection at early
stage or radiotherapy at late stage had a better outcome
on survival (Figure 2). In Table 2, from the univariate
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Table 2 Selected variables by univariate cox regression analysis

Univariate analysis

Variables
HR P value

Age 1.088 (1.075-1.101) <0.001
Sex

Female Reference

Male 2.257 (1.634-3.116) 0.003
Race

White Reference

Black 1.694 (1.046-2.744) 0.032

Other 0.448 (0.219-0.915) 0.028
Histological type

PTC Reference

FTC 2.207 (1.390-3.506) 0.001

MTC 1.317 (0.184-9.422) 0.784

ATC 190.293 (86.810-417.133) <0.001
Grade

G1 Reference

G2 1.382 (0.881-2.168) 0.159

G3 11.263 (7.178-17.675) <0.001

G4 35.812 (20.716-61.910) <0.001
T stage

T1 Reference

T2 0.956 (0.561-1.629) 0.868

T3 2.190 (1.481-3.237) <0.001

T4 11.423 (7.437-17.546) <0.001
N stage

NO Reference

N1 1.554 (1.117-2.162) 0.009
M stage

MO Reference

M1 14.174 (8.443-23.794) <0.001
Radioisotopes

No Reference

Yes 0.792 (0.577-1.087) 0.147
Chemotherapy

No Reference

Yes 11.284 (4.179-30.466) <0.001

Table 2 (continued)

© Gland Surgery. All rights reserved.
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Table 2 (continued)
Univariate analysis
Variables
HR P value

Extrathyroidal extension

Absent Reference

Present 2.862 (2.057-3.982) <0.001
Lymphadenectomy

No Reference

Yes 0.846 (0.615-1.165) 0.306
Tumor size

<1.0 Reference

1.1-2.0 1.441 (0.882-2.354) 0.145

2.1-4.0 1.577 (0.956-2.601) 0.074

>4.0 6.376 (4.039-10.064) <0.001
Marital status

Married Reference

Unmarried 1.346 (0.977-1.853) 0.069

PTC, papillary thyroid cancer; FTC, follicular; MTC, medullary;
ATC, anaplastic.

Cox analysis in OS, the differences of all variables were
significant in statistics science except lymphadenectomy,
radiotherapy and marital status (all P<0.05). Table 3 showed
that most factors, with the exception of extrathyroidal
extension and chemotherapy, were found to be statistically
significant in the multivariate Cox analysis for OS. Although
M staging did not reach statistical significance (P=0.11) in
this study, it is still significant to evaluate tumor metastasis
in clinic. Male patients with TC had worse OS compared
with female patients (HR: 1.627, 95% CI: 1.160-2.282,
P=0.005).

Nomogram development and verification

Using multivariate COX analysis, we selected age,
histological type, grade, tumor size, stage TMN, and
sex to construct the nomogram mode (see in Figure 3).
Each factor corresponded to a specific score, and then
the value of all the scores were added to obtain the
corresponding 3- or 5-year survival rate. The C-index of
the modeling group was 0.867, and the C-index of the
verification group was 0.892. Figure 4 showed excellent
calibration.
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Table 3 Selected variables by multivariate cox regression analysis

Multivariable analysis

Variables
HR P value

Age 1.079 (1.066-1.092) <0.001
Sex

Female Reference

Male 1.627 (1.160-2.282) 0.005
Race

White Reference

Black 2.261 (1.370-3.730) 0Oni.001

Other 0.505 (0.246-1.036) 0.062
Histological type

PTC Reference

FTC 1.142 (0.669-1.950) 0.627

MTC 0.247 (0.032-1.880) 0.177

ATC 3.433 (1.119-10.531) 0.031
Grade

G1 Reference

G2 1.164 (0.735-1.844) 0.517

G3 3.837 (2.301-6.397) <0.001

G4 11.936 (4.814-29.595) <0.001
T stage

T Reference

T2 0.821 (0.313-2.153) 0.688

T3 0.439 (0.197-0.979) 0.044

T4 0.708 (0.258-1.945) 0.503
N stage

NO Reference

N1 1.926 (1.299-2.857) 0.001
M stage

MO Reference

M1 1.643 (0.894-3.018) 0.11
Chemotherapy

No Reference

Yes 1.447 (0.458-4.568) 0.529
Extrathyroidal extension

Absent Reference

Present 1.722 (1.001-2.961) 0.05

Table 3 (continued)

© Gland Surgery. All rights reserved.
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Table 3 (continued)

Multivariable analysis

Variables
HR P value
Tumor size
<1.0 Reference
1.1-2.0 1.547 (0.936-2.556) 0.089
2.1-4.0 1.309 (0.543-3.159) 0.549
>4.0 3.676 (1.663-8.128) 0.001

PTC, papillary thyroid cancer; FTC, follicular; MTC, medullary;
ATC, anaplastic.

Discussion

In the present study, the characteristics of T'C patients after
total thyroidectomy in the SEER dataset were analyzed. We
performed single-factor and multifactor analyses to screen
out independent risk factors for nomogram modeling.
Furthermore, internal verification further strengthened the
feasibility of the model. Each patient had great individual
differences. TC patients were no longer solely satisfied with
the guidance of TMN staging on the prognosis and review
of patients, because TMN staging did not include lots of
important clinical factors, such as age, gender, tumor size,
histology, etc. The model in the present study includes
multiple factors to further provide detailed predictions and
follow-up plans for each patient. We can also check out the
proportion of the risk factors in nomogram to understand
how to improve the survival rate of patients with TC, such
as age and tumor grade. Which means early diagnosis and
early treatment can reduce the first onset age and tumor
grade, so that the patients can get longer survival.

A nomogram chart was used to assign points to each
value level of each influencing factor according to the
contribution of every factor in the model to the outcome
variable, and then scores were added to obtain the total
score (7). Finally, the predicted value of an individual’s
outcome was calculated using the total score and the
probability of the outcome. The nomogram transformed
the complex regression equation into a visualized graph,
making the results of the prediction model more readable,
and facilitating the evaluation of the patient. This model
is receiving increasing attention in medical research
and clinical practice because of its intuitive and easy-to-
understand characteristics via the simple pictures. The
nomogram chart had been used to predict a variety of
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Figure 3 Nomogram to predict the risk of survival rate in thyroid cancer patients.

diseases, such as breast cancer (8,9), prostate cancer (10,11),
and colon cancer (12,13).

PTC, FTC, ATC, and MTC are the 4 main pathological
subtypes related to the prognosis of TC. Whether in
the thyroid itself or in local regional lymph nodes, PTC
was a prognostic factor, which meant an increased risk of
recurrence. Namely, we might need to operate a new model
and predict OS (14,15). According to the manifestation
and treatment of the disease, it was found that the most
important factor for prognosis was patient age. Compared
with elderly patients with the same disease stage, younger

© Gland Surgery. All rights reserved.

patients had a lower recurrence rate and disease-specific
mortality (16). The incidence of TC in both men and
women has shown a steady increase in most countries. At
the same time, the incidence of TC among women is higher
than for men (17). As a result, tumor size, grade, and TMN
stage all were vital prognostic factors (18,19). In the present
study, we also found that age, histological type, grade,
tumor size, TMN stage, and sex were independent risk
factors for OS according to the multivariate Cox regression.

The advantages of the present study include that
it is a population-based study with a large sample size
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Figure 4 Verification of nomogram development.

and adjustment for the patient’s clinical demographic
characteristics. However, the study has some limitations.
First, we built a model from retrospective research in the
SEER database. This process has all the effects of the bias
of the retrospective research. Second, retrospective analysis
limited the choice of variables. For example, calcitonin plays
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an essential role in predicting postoperative T'C and the role
of calcitonin in modeling is not analyzed in this article (20).
Then, the research was only based on a US population, and
there was a lack of research on data from other countries.
Finally, and most importantly, the study lacked external
verification. In the future, it will be necessary to conduct
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prospective verification on a larger patient population to
further improve authenticity of the predictive model in our
study and to ensure clinical practicability.

We established a postoperative prediction model for TC
through a variety of variables, providing a basis for different
predictions and follow-up plans for each patient.
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