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ARTICLE INFO ABSTRACT
Keywords: Background: Thyroid cancer (TC) accounts for more than 90% of endocrine tumours and is a
Nomogram typical head and neck tumour in adults. The aim of this study was to develop a predictive tool to

Cancer-specific survival
Middle-aged patients
Papillary thyroid cancer
SEER

predict cancer-specific survival (CSS) in middle-aged patients with papillary thyroid carcinoma
(PTQ).

Methods: The patients from 2004 to 2015 were randomly divided into a training cohort (n =
25,342) and a internal validation cohort (n = 10,725). The patients from 2016 to 2018 were
treated as an external validation cohort (n = 11353). COX proportional hazard model was used to
screen meaningful independent risk factors. These factors were constructed into a nomogram to
predict CSS in middle-aged patients with PTC. The performance and accuracy of the nomogram
were then evaluated using the concordance index (C-index), calibration curve and the area under
the curve (AUC). The clinical value of nomogram was evaluated by decision curve analysis (DCA).
Results: Age, gender, marriage, tumour grade, T stage, N stage, M stage, surgery, chemotherapy,
and tumour size were independent prognostic factors. The C-indexes of the training, internal
validation, and external validation cohorts were 0.906, 0.887, and 0.962, respectively. The AUC
and calibration curves show good accuracy. DCA shows that the clinical value of the nomogram is
higher than that of Tumour, Node and Metastasis (TNM) staging.

Conclusion: We developed a new prediction tool to predict CSS in middle-aged patients with PTC.
The model has good performance after internal and external validation, which can be friendly to
help doctors and patients predict CSS.

Abbreviations: TC, thyroid cancer; CSS, cancer-specific survival; PTC, papillary thyroid carcinoma; AUC, area under the curve; DCA, decision
curve analysis.
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1. Introduction

Thyroid cancer (TC) accounts for more than 90% of endocrine tumours and is a common head and neck tumour that occurs in adults
[1]. Over the past three decades, the global incidence of thyroid cancer has tripled and is still increasing at a rate of 3.6% per year, and
the mortality rate is also steadily increasing at a rate of 1.1% per year [2]. According to histological type, it is divided into papillary
thyroid cancer (PTC), anaplastic thyroid cancer, follicular thyroid cancer (FTC) and medullary thyroid cancer [3]. PTC and FTC are
classified as well-differentiated thyroid cancer (DTC) because of their high degree of differentiation and good prognosis. DTC accounts
for about 95% of TC, while PTC accounts for 85%-90% of DTC [4]. TC has been the fastest-growing malignancy in the United States in
the past few decades, and the growth of PTC determines the overall trend of TC morbidity and mortality [5]. Although the significant
increase in the number of diagnoses of TC is related to the advancement of imaging equipment, such as colour Doppler ultrasonog-
raphy, it is also related to the overdiagnosis of indolent and small cancers [6]. However, studies have also shown a potentially real
increase in the incidence of TC, given the increased incidence of advanced disease and increased incidence-based mortality [7,8].

The prognosis of PTC is generally good, with a 10-year survival rate of 80%-95% [9]. However, middle-aged PTC is prone to local
lymphatic metastasis and distant metastasis. Among them, it is associated with poor prognosis [10]. A study has shown that patients
with distant metastatic PTC have a 10-year survival rate of 25%-70% [11]. In addition, the poor prognosis of PTC is also related to
some variant subtypes. First, some variants of PTC, such as diffuse sclerosis, columnar cell and insular cell differentiation, usually
exhibit varying degrees of invasive behaviour [12]. Second, another group of variants of PTC, such as trabecular, oncocytic, solid,
microfollicular, and clear cell, all have a more malignant phenotype than conventional PTC, predicting a worse prognosis [13,14].
Because the prognosis of PTC varies greatly, while the prognosis of most patients is good, the outcomes of distant metastasis,
recurrence and even death cannot be ignored [15]. The expected remaining life of middle-aged patients is between 30 and 40 years or
even longer. In recent years, quality of life and the psychological burden has become the biggest problems middle-aged PTC patients
face [16]. Therefore, it is important to accurately predict the survival of middle-aged PTC patients, including cancer-specific survival
(CSS).

Traditionally, Tumour, Node and Metastasis (TNM) staging is the main standard for judging the prognosis of cancer patients.
However, TNM staging lacks sufficient biological characteristics of malignant tumours [17]. At present, nomogram has gradually
replaced the traditional TNM staging, which contains many non-anatomical factors to achieve more accurate prognostic prediction
[18]. Today, many prediction models have been established and applied to TC, but mainly for poor prognostic histological types such
as ATC and MTC. The study population is also dominated by middle-aged and children [19-21]. However, for the middle-aged group
with the highest incidence of PTC and long life expectancy, there is still no effective and reliable nomogram to predict prognosis.

In this study, we collected patients information in the Surveillance, Epidemiology, and End Results (SEER) database and developed
a prediction tool to predict CSS in PTC patients. It can effectively reduce the anxiety of patients and provide help for clinicians to
formulate individualized treatment plans while making up for relevant research gaps.

Middle-aged patients with PTC
between 2004 to 2018(n=51543)

Exclude:

(1) surgical method unknown (n=125);

(2) Unknown tumor size (n=610);

(4) Survival time unknown or less than one
month (n=442);

(5) Unknown T stages (n=1438);

(6) Unknown N stages (n=1411);

(7) Unknown M stages (n=97);

A 4

Identified patients for analysis
(n=47420)

y Yy Yy

Training cohort Validation cohort External validation
(n=25342) (n=10725) cohort (n=11353)

Fig. 1. Inclusion and exclusion of patient flow chart.



J. Tang et al. Heliyon 9 (2023) e13665

2. Methods
2.1. Data source and data extraction

Using the SEER database, we conducted a population-based retrospective cohort study. All data in this study were collected from
the SEER database, and all case data were extracted using the SEER*Stat (version 8.3.5) tool released on March 6, 2018. Extracted
information such as age, gender, race, marriage, year of diagnosis, tumour grade, TNM stage, tumour size, surgery, chemotherapy,
radiotherapy, and survival time.

Inclusion criteria: (1) 40-64 years old; (2) Histological classification: papillary thyroid cancer. Exclusion criteria: (1) Unknown
surgical method; (2) Unknown tumour size; (3) Unknown survival time or less than one month; (4) Unknown T stage; (5) Unknown N
stage; (6) Unknown M stage. The patient inclusion and exclusion flow chart is shown in Fig. 1.

All included patients were between 40 and 64 years old. The race had black, white and other. marriage was divided into unmarried
and married. Tumour grades include I-IV (Well differentiated, moderately differentiated, poorly differentiated, undifferentiated),
unknown. T stage provides T1, T2, T3, and T4. M stage includes MO and M1. Surgery was divided into Lobectomy, Subtotal or near-
total thyroidectomy, and Total thyroidectomy.

Table 1
Clinicopathological characteristics of middle-aged patients with PTC.
All Training cohort validation cohort p
N = 36067 N = 25342 N =10725
Age 51.7 (7.14) 51.7 (7.12) 51.8 (7.20) 0.418
Race 0.109
White 29358 (81.4%) 20675 (81.6%) 8683 (81.0%)
Black 2046 (5.67%) 1396 (5.51%) 650 (6.06%)
Other 4663 (12.9%) 3271 (12.9%) 1392 (13.0%)
Sex 0.564
Male 8713 (24.2%) 6144 (24.2%) 2569 (24.0%)
Female 27354 (75.8%) 19198 (75.8%) 8156 (76.0%)
Marital 0.939
No 11173 (31.0%) 7847 (31.0%) 3326 (31.0%)
Married 24894 (69.0%) 17495 (69.0%) 7399 (69.0%)
Year of diagnosis 0.002
2004-2009 14761 (40.9%) 10505 (41.5%) 4256 (39.7%)
2010-2015 21306 (59.1%) 14837 (58.5%) 6469 (60.3%)
Grade 0.731
I 6321 (17.5%) 4445 (17.5%) 1876 (17.5%)
I 1179 (3.27%) 830 (3.28%) 349 (3.25%)
11 214 (0.59%) 152 (0.60%) 62 (0.58%)
v 68 (0.19%) 53 (0.21%) 15 (0.14%)
Unknown 28285 (78.4%) 19862 (78.4%) 8423 (78.5%)
T 0.278
T1 23662 (65.6%) 16582 (65.4%) 7080 (66.0%)
T2 4391 (12.2%) 3126 (12.3%) 1265 (11.8%)
T3 6799 (18.9%) 4761 (18.8%) 2038 (19.0%)
T4 1215 (3.37%) 873 (3.44%) 342 (3.19%)
N 0.513
NO 27504 (76.3%) 19290 (76.1%) 8214 (76.6%)
Nla 5360 (14.9%) 3775 (14.9%) 1585 (14.8%)
N1b 3203 (8.88%) 2277 (8.99%) 926 (8.63%)
M 0.079
MO 35792 (99.2%) 25135 (99.2%) 10657 (99.4%)
M1 275 (0.76%) 207 (0.82%) 68 (0.63%)
Tumour size 15.6 (15.4) 15.6 (15.4) 15.6 (15.4) 0.731
Surgery 0.988
No 539 (1.49%) 379 (1.50%) 160 (1.49%)
Lobectomy 3954 (11.0%) 2773 (10.9%) 1181 (11.0%)
Subtotal or near total thyroidectomy 1329 (3.68%) 929 (3.67%) 400 (3.73%)
Total thyroidectomy 30245 (83.9%) 21261 (83.9%) 8984 (83.8%)
Chemotherapy 0.459
No/Unknown 35931 (99.6%) 25242 (99.6%) 10689 (99.7%)
Yes 136 (0.38%) 100 (0.39%) 36 (0.34%)
Radiation 1.000
No/Unknown 18074 (50.1%) 12699 (50.1%) 5375 (50.1%)
Yes 17993 (49.9%) 12643 (49.9%) 5350 (49.9%)
Survival months 92.1 (41.8) 92.4 (42.0) 91.6 (41.5) 0.114
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2.2. Development and validation of the nomogram

Patients were randomly divided into a training and a validation cohorts at a ratio of 7 : 3. COX regression analysis was used to
screen meaningful independent prognostic factors. A nomogram was constructed to predict 3-, 5-, and 10-year CSS in middle-aged
patients with PTC. The concordance index (C-index), calibration curve and AUC were then used to evaluate the discrimination and
accuracy of the nomogram. The calibration curve compares the survival outcome predicted by the nomogram with the actual observed
survival outcome. The calibration curve along the 45-degree line shows a very good agreement between the prediction value and the
actual observation value.

2.3. Clinical utility

The clinical value of nomogram was evaluated by decision curve analysis (DCA). Based on the score of each patient, the patients
were divided into a high-risk group and a low-risk group, K-M curve was used to describe the survival curve of the two groups, and the
log-rank test was used to compare the CSS difference between the two groups. Finally, the log-rank test was used to compare the effect
of different surgical methods on CSS in patients.

Table 2
Univariate and multivariate analyses of CSS in training cohort.
Univariate Multivariate
HR 95%CI P HR 95%CI P

Age 1.11 1.09-1.13 <0.001 1.085 1.067-1.102 <0.001
Race

White reference

Black 0.93 0.57-1.52 0.772

Other 0.97 0.7-1.34 0.844
Sex

Male reference reference

Female 0.28 0.23-0.35 <0.001 0.575 0.457-0.724 <0.001
Marriage

No reference reference

Married 0.73 0.59-0.91 0.005 0.664 0.53-0.831 <0.001
Year of diagnosis

2004-2010 reference

2010-2018 0.89 0.7-1.13 0.333
Grade

I reference reference

I 1.48 0.76-2.88 0.251 1.011 0.516-1.98 0.974

111 22.04 13.6-35.73 <0.001 3.944 2.331-6.672 <0.001

v 99 60.72-161.43 <0.001 5.922 3.26-10.759 <0.001

Unknown 1.19 0.85-1.67 0.303 0.999 0.71-1.403 0.993
T

T1 reference reference

T2 3.16 2.11-4.72 <0.001 2.524 1.674-3.803 <0.001

T3 5.85 4.28-8.01 <0.001 3.529 2.52-4.943 <0.001

T4 42.68 31.64-57.56 <0.001 8.73 5.971-12.762 <0.001
N

NO reference reference

Nla 3.15 2.36-4.22 <0.001 2.149 1.576-2.931 <0.001

N1b 10.95 8.6-13.93 <0.001 3.514 2.616-4.722 <0.001
M

MO reference reference

M1 41.46 31.66-54.3 <0.001 4.454 3.193-6.212 <0.001
Tumour size 1.01 1.01-1.01 <0.001 1.007 1.005-1.008 <0.001
Surgery

No reference reference

Lobectomy 0.13 0.08-0.22 <0.001 0.607 0.357-1.032 0.065

Subtotal or near total thyroidectomy 0.13 0.07-0.25 <0.001 0.346 0.175-0.685 0.002

Total thyroidectomy 0.13 0.09-0.2 <0.001 0.279 0.18-0.43 <0.001
Chemotherapy

No/Unknown reference reference

Yes 38.28 26.85-54.58 <0.001 1.698 1.042-2.767 0.033
Radiation

No/Unknown reference

Yes 2.26 1.79-2.86 <0.001
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2.4. Statistical analysis

The SPSS statistical software was used for all statistical analysis, survival curves were drawn by the Kaplan-Meier method, and a
Log-rank test was performed. Univariate and multivariate COX regression analysis was used to screen meaningful independent
prognostic factors. R software (R 4.1.0) was used to calculate the C-index, draw calibration curve, AUC, and DCA. P < 0.05 indicated
that the difference was statistically significant.

3. Result
3.1. Clinical features

A total of 47420 middle-aged patients with PTC were included. The patients from 2004 to 2015 were randomly divided into
training and internal validation cohorts. The patients from 2016 to 2018 were treated as an external validation cohort. In terms of race,
29,358 (81.4%) were white, accounting for the largest proportion; regarding gender, 27354 patients (75.8%) were female; 11173
patients (31.0%) were unmarried, and 24894 patients (69.0%) were married. The year of diagnosis was divided into two groups,
14161 patients (40.9%) in the 2004-2009 group and 21306 patients (59.1%) from 2010 to 2015. The tumour grades of patients were I,
I1, I1T, IV and unknown, and the respective numbers and proportions were 6321 (17.5%), 1179 (3.27%), 214 (0.59%), 68 (0.19%), and
28285 (78.4%). Five hundred thirty-nine patients without surgery (1.49%), 3954 (11.0%) patients with lobectomy, 1329 (3.68%)
patients with subtotal or near-total thyroidectomy, and 30245 (83.9%) patients with total thyroidectomy. There was no significant
difference in clinical characteristics between the training and the internal validation cohorts (Table 1).

3.2. COX regression analysis

Age, gender, marriage, tumour grade, TNM stage, surgery, radiotherapy, chemotherapy, and tumour size were significantly
associated with CSS in middle-aged patients with PTC (P < 0.05). Multivariate COX regression analysis showed that age, gender,
marriage, tumour grade, T stage, N stage, M stage, surgery, chemotherapy and tumour size were independent prognostic factors
affecting CSS (P < 0.05) (Table 2).

3.3. Construction and validation of the nomogram

Through COX regression analysis, age, gender, marriage, tumour grade, TNM stage, surgery, chemotherapy, and tumour size were
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Fig. 2. The nomogram of CSS in middle-aged patients with PTC at 3-, 5-, and 10-year. Red dots show the clinicopathological parameters of a patient
(Age: 50; sex: female; marriage: married; grade: II; T stage: T2; N stage: N1b; M stage: M1; tumour size: 21 cm; surgical method: total thyroidectomy;
chemotherapy: No). The first line shows the scores corresponding to each parameter, and the sum of the scores of all parameters is the total score
(255) of the patient. The 3-, 5-, and 10-year mortality rates corresponding to the 255 scores were 2.37%, 3.67%, and 7.7%, respectively. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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identified as independent prognostic factors for CSS in middle-aged PTC patients. These ten variables were used to develop a prediction
model that could predict and affect the CSS of middle-aged PTC (Fig. 2). The nomogram was then validated, and the C-index was 0.906
(0.897-0.915) for the training cohort, 0.887 (0.874-0.9) for the internal validation cohort, and 0.962 (0.951-0.973) for the external
validation cohort. The calibration curve showed good agreement between the predicted value and the actual survival rate (Fig. 3(A and
B)), which indicated that the nomogram we developed could more accurately predict CSS in middle-aged patients with PTC. The AUC
and C-index results were consistent, showing that the nomogram had good discrimination (Fig. 4(A and B)).

With the help of our developed nomogram, the survival probability of middle-aged patients with PTC can be individually predicted.
An example to illustrate the use of nomogram: as shown in Fig. 2, the red dots represent the clinicopathological parameters of a certain
patient. All parameters correspond to a score, and the scores of all parameters add up to 255 points. The patient’s risk score was 225,
and the corresponding 3-, 5-, and 10-year mortality rates were 2.37%, 3.67%, and 7.7%, respectively.

3.4. Clinical utility

The DCA results show that the model has a good net benefit compared with the TNM staging model (Fig. 5(A and B)), which
confirms that the prediction tool can predict the survival prognosis of middle-aged PTC patients. In the external validation cohort, DCA
suggests that the prediction tool has potential clinical value (Fig. 6(A and B)). At the same time, patients were divided into a low-risk
group (total score <27.2) and a high-risk group (total score >27.2) based on their scores in the nomogram. The K-M curve shows
significant CSS differences among risk groups (Fig. 7(A and B)). In the low-risk group, there was no significant difference in the effect of
the surgical method on CSS. However, in the high-risk group, the CSS of patients undergoing surgery was higher than that of patients
without surgery. (Fig. 8(A and B)).

4. Discussion

Here, we developed a new prediction tool to predict CSS in middle-aged PTC patients. Our study found that age, gender, marriage,
TNM stage, tumour size, grade, surgery, and chemotherapy were independent risk factors. Age is a key factor in the death of PTC
patients. The risk of cancer gene mutations increases with age. The high prevalence of malignant tumours in elderly patients is
associated with changes in DNA methylation, and this mutation is usually considered to be the first step in cancer development [22].
Escudier et al. [23] found that age is a factor affecting the survival of patients and is more important than pathological grade and
distant metastasis. After analyzing DTC patients of different ages in Europe, Velsen et al. found that under the same TNM staging,
different ages have very different accuracies [24]. Rossi et al. investigated the population and found that with increasing age, the
subclinical variation rate of PTC also increased [25]. Ho AS et al. also came to the same conclusion after analyzing the TC patients and
believed that the increase in age and tumour size led to a gradual increase in the mortality of non-surgical TC patients [26]. Studies
have shown that thyroid cancer’s overall survival (OS) begins to decline steadily from age 40 [27]. A German population-based study
found a significant decrease in all-cause mortality in patients >60 years of age when DTC patients were compared with the general
population [28]. In this study, we also found that age was an important factor in predicting patient prognosis in PTC patients aged
40-64 years, and the risk of cancer-specific death gradually increased with age.
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Fig. 3. Calibration curve for predicting patient survival. in the training cohort (A) and in the internal validation cohort. The X-axis represents the
predicted value of the nomogram, and the Y-axis represents the actual value of the patient. The alignment of the calibration curve with the diagonal
height suggests high prediction accuracy of the nomogram.
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It is well known that tumour size has always been an important factor in the prognosis of TC. Through data analysis, Nguyen et al.
concluded that increasing the size of the tumour threshold to 2.5 cm did not affect survival and recommended increasing the size of the
thyroid biopsy [29]. Mao et al. applied a systematic review and meta-analysis to show that a tumour diameter greater than 1.0 cm is an
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independent risk factor for increased lymph node metastasis and mortality in PTC [30]. Londero et al. conducted a nationwide pro-
spective cohort study in Denmark and found that tumour size was a dual predictor of PTC mortality and recurrence, with an important
role [31]. Adam et al. also demonstrated that patient age and tumour volume significantly correlated with mortality in PTC patients.
More importantly, there was no clear cut-off point to distinguish differences in survival [32]. Our study showed that the tumour size of
middle-aged PTC patients was mainly distributed within 10 mm, which is the definition of thyroid microcarcinoma. This is a
controversial issue, and in the 2009 American Thyroid Association (ATA) guidelines, it is recommended that nodules smaller than 1 cm
detected by ultrasonography should be confirmed by biopsy [33]. In the 2015 ATA guideline update, this threshold was raised, and it
was recommended not to routinely perform needle biopsies in patients with thyroid nodules without obvious positive signs [34]. This
update to this guideline avoids the overtreatment of many patients with early-stage PTC without increasing mortality. In this study, we
found that the risk of death in patients increased with tumour size. For small tumours, especially those less than 1 cm, whether the
treatment will affect the survival of patients remains to be further studied.

Gender differences play a decisive role in the endocrine system, and middle age is one of the periods when the secretion of
endocrine hormones is most prosperous. Estrogen in women is thought to have an inhibitory effect on the development of TC. Studies
have shown that thyroid cancer cells contain many estrogen receptors, possibly because estrogen can promote the release of thyroid-
stimulating hormone (TSH) from the pituitary [35]. On the contrary, the secretion of androgens and testosterone in middle-aged men is
strong. Thiruvengadam et al. used testosterone to intervene in female mice and showed that testosterone has a promoting effect on the
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occurrence and development of thyroid cancer [36]. However, whether gender differences have a decisive impact on the prognosis of
TC remains controversial. A Chinese study showed that among DTC subtypes with better prognosis, the incidence in women was three
times higher than in men. However, in ATC and MTC with poor prognoses, the incidence is almost identical in males and females [37].
Several studies have found that in PTC, men’s OS and CSS are significantly lower than women’s, and gender is an important factor
affecting the prognosis of PTC. Also, the tumour recurrence rate in men is 2.44 times higher than in women [38-40]. In contrast,
Nilubol et al. collected information on TC patients from the SEER database from 1988 to 2007 for analysis and confirmed that gender is
not an prognostic factor for TC [41]. Coincidentally, the study by Grogan et al. also reported similar results, arguing that there is no
significant correlation between gender and the prognosis of patients with PTC [42]. This study found that gender was an independent
risk factor for CSS in middle-aged PTC patients. It may be because middle-aged women have relatively high levels of estrogen, which
stimulates the secretion of TSH in the body. Previous studies have confirmed that TSH can inhibit the occurrence and development of
thyroid cancer [35], resulting in a protective effect on the thyroid. In addition, female patients accounted for a large proportion
(75.8%) in this study, which may affect the results. Whether gender will affect the cancer-specific survival of middle-aged patients with
PTC still needs to be confirmed by prospective controlled studies.

Interestingly, in our previous study, married patients had a significantly better prognosis among less malignant tumours [43,44].
We found in this study that marriage also has a certain predictive role in the prognosis of middle-aged PTC patients. Still, the difference
is not as obvious as other tumours, such as renal cell carcinoma. The reason may be that environmental factors have a greater impact on
thyroid cancer. For example, the incidence of TC in iodine-deficient countries and regions will increase significantly [1,2,4]. At the
same time, Frich et al. found that the incidence of thyroid cancer in women was significantly higher when the spouses were agri-
cultural, forestry and fishermen [45]. Brownlie et al. also confirmed that the assimilation of living habits increases the risk of thyroid
disease shared by both spouses [46].

In this study, we found that the following parameters were independent risk factors affecting the CSS of patients: age, gender,
tumour size, marriage, TNM stage, tumour grade, surgical method, and chemotherapy. As shown in Fig. 2, the patient received a score
for each parameter, and the sum of the scores for all parameters corresponded to the patient’s 3-, 5-, and 10-year mortality rates. This
nomogram was verified by calibration curve, AUC and C-index, and proved to have good accuracy and discrimination. DCA display
nomogram has higher clinical value than traditional TNM staging system. It shows that the nomogram we constructed can accurately
and efficiently predict the survival of patients.

The current study has some limitations. First, we were limited by the SEER database, incomplete data collection (no important
clinical information such as smoking, alcohol consumption, family history, weight and height, and data on medical comorbidities), and
inconsistent tumour classification. In addition, this study was retrospective, and there may be unavoidable selection bias. However, we
included key factors such as gender, age, marriage, and surgery, and the results would not be significantly biased. Finally, our model
must be prospectively validated in a multicenter study to confirm its accuracy.

5. Conclusion

Our study found that age, gender, tumour size, marriage, TNM stage, tumour grade, surgical method, and chemotherapy were
independent risk factors for CSS in middle-aged PTC patients. We developed a new prediction tool to predict CSS in middle-aged
patients with PTC. After internal and external validation, the model has good performance, which can provide doctors with clinical
decision-making help and provide consultation for patients.
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