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Abstract
Background: Cox proportional-hazards models are widely used to describe survival trends and identify
prognostic factors for thyroid carcinoma, but the prognostic model is not accurate enough. This study
therefore used a competing-risks model to identify the signi�cant prognostic factors for different types of
thyroid carcinoma.

Methods: We identi�ed 38,444 eligible patients in the SEER (Surveillance, Epidemiology, and End Result)
database. The potential prognostic factors for thyroid carcinoma were analyzed by Cox regression
analysis, cause-speci�c hazard function (CS) analysis, and subdistribution hazard function (SD).

Results: Cox regression analysis, CS analysis and SD analysis found identifying age, being unmarried, no
regional lymph nodes examined, AJCC-6 II, III, IV vs I , having follicular, medullary, anaplastic vs Papillary
carcinomas, no surgery, no radioiodine, liver metastasis, and lung metastasis as the signi�cant risk
factors for thyroid carcinoma, while being female was protective factor. However, the results from the
three multivariate models for being black, tumor size >1 cm, and brain metastasis were inconsistent.

Conclusion: In addition to �nding that age, pathological type, tumor size, AJCC-6 stage, surgery status,
radioiodine status, metastasis as common factors affected the prognosis, we also found that women,
being unmarried and had their regional lymph nodes examined can improve the prognosis of thyroid
cancer. The discovery of these factors will provide evidences for the prevention and treatment of thyroid
cancer. 

Background
The detection rate of thyroid cancer is continuing to increase. Its incidence is increasing faster than that
of any other solid tumor, and it was ranked in ninth place for incidence in 2018 and is predicted to replace
colorectal cancer as the fourth leading cancer diagnosis by 2030 in the USA. Although thyroid cancer has
an excellent prognosis, it still kills estimated 41,000 people annually worldwide, approximately [1]. The
main pathological types of thyroid carcinoma are papillary thyroid carcinoma (PTC), follicular thyroid
carcinoma (FTC), anaplastic thyroid carcinoma (ATC), and medullary thyroid carcinoma (MTC)[2], with
PTC constituting 90% of them. Most cases have an excellent prognosis, but approximately 10% of PTC
patients exhibit recurrences such as lung metastasis and lymph node recurrence[3], or even death.
Although much less common, FTC is widely invasive, and it is reported that the mortality rate is about
20%[4]. ATC is an extremely aggressive undifferentiated tumor, with almost 100% disease-speci�c
mortality[5], and while representing about only <2% of thyroid cancers ATC is responsible for 40% of
thyroid cancer deaths. MTC represents <5% of thyroid carcinomas, and the overall 5-year survival rate of
patients with MTC is 86%[6].

Adequate risk strati�cation is crucial in a malignant neoplastic disease in order to avoid both the
undertreatment of high-risk subjects and the overtreatment of low-risk patients[7]. This means that
personalized treatment according to the potential prognosis of individual patients with thyroid cancer is
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critically important. Cox regression is currently the most widely used method to predict the risk factors for
thyroid cancer[8-11]. It is used for a single end point for clinical outcome, but in fact clinical survival data
are often associated with multiple outcomes, and these outcomes compete with each other, such as
death due to cancer and death due to other causes. The use of Cox regression analysis may lead to
inaccurate estimates of hazard ratios (HRs)[12, 13]. A competing-risks model is better than a Cox
regression model in such situations in clinical epidemiology[14-16], and is quickly becoming a highly
regarded approach for analyzing  time-to-event data in the presence of competing events[17].However,
competing-risks analyses of the prognostic factors in patients with thyroid carcinoma have rarely been
reported.

A competing risk refers to a situation where an individual is exposed to multiple causes of failure, with
the eventual failure being attributed to exactly one of them. In this situation, the occurrence of one type of
event hinders the occurrence of any other event[18]. In our research, the failure events were death due to
thyroid carcinoma, but the death due to DOC prevented the occurrence of failure events. There was
competition between death due to thyroid carcinoma and death due to DOC. We used the competing-risks
model to analyze the signi�cant prognostic factors for thyroid carcinoma in order to guide clinical
treatment more accurately.

Methods
Patients

The patient data were obtained from the latest version of the SEER (Surveillance, Epidemiology, and End
Result) database using SEER*Stat software (version 8.3.5 released on April 15, 2019;
https://seer.cancer.gov/). This study was approved by the Ethics Committee of Honghui Hospital, Xi’an
Jiaotong University, Xi’an. The following inclusion criteria were applied:

1. Presence of thyroid carcinoma according to ICD-O-3/WHO 2008 histological type of FTC, PTC, MTC,
and ATC.

2. Histology diagnostic con�rmation were FTC, PTC, MTC, and ATC.

3. Categorized as alive, death due to thyroid cancer, or DOC.

4. Active follow-up.

5. Age at diagnosis of 19–85 years.

The exclusion criteria were as follows:

1. Unknown age, race, sex, or American Joint Committee on Cancer (AJCC 6th Edition) stages , or
incomplete SEER cause-speci�c death classi�cation.

2. Unknown survival time for a patient who was still alive.

3. Diagnosis based only a death certi�cate or an autopsy because of no follow-up data.
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We collected the following data for each patient: age, race, sex, marital status, insurance status, tumor
size, whether regional lymph nodes were removed and examined by the pathologist, AJCC-6 stage,
histology, surgery status, radioiodine status, chemotherapy status, bone metastases, brain metastases,
liver metastases, lung metastases, survival time (in months), and case outcome. The case outcome was
divided into the following three conditions: alive, death due to thyroid carcinoma (endpoint event), and
DOC (competing event).

The application of the inclusion and exclusion criteria resulted in the identi�cation of 38,444 patients in
the SEER database between January 01, 2010 and December 31, 2015.

Statistical analysis

All statistical analyses were performed using SPSS (version 21.0) and SAS 14 (performing competing
risks modeling). Mean±standard-deviation values were used to express continuous variables conforming
to a normal distribution, and all other variables were expressed as median (25th–75th percentile) values.
The cumulative incidence function (CIF) was used in the univariate analysis to analyze each potential
prognostic factor, and Gray’s test used for the difference test. Cox regression analysis and the competitive
risk model (CS analysis and SD analysis) were used for the multivariate analyses, and independent
prognostic factors were obtained. Probability values of p<0.05 were considered statistically signi�cant.

Results
Patient characteristics

The median age of all patients was 46 years, with an age range from 35 to 57 years. The median age of
patients who died due to thyroid cancer was 68 years, with an age range from 57 to 77 years. Most of the
patients in both groups (the total patient group and died due to thyroid cancer group) were female, white,
and married, had insurance and any medical, a tumor size of £1 cm, PTC, had their regional lymph nodes
examined, had received surgery, and had not received chemotherapy. Most of the patients who died due
to thyroid cancer were in AJCC-6 stage IV, had not received radioiodine, and had an unknown metastasis
status. However, most of the patients in the total patient group were in AJCC-6 stage I, had received
radioiodine, and did not have metastasis. The demographics and tumor characteristics of the patients are
summarized in Table 1.

Univariate analysis

Gray’s test was used to perform a univariate analysis of the following 16 potential prognostic factors:
age, sex, race, marital state, insurance status, tumor size, whether regional lymph nodes were examined,
AJCC-6 stage, histology, surgery status, radioiodine status, chemotherapy status, bone metastasis, brain
metastasis, liver metastasis, and lung metastasis. All 16 factors were found to signi�cantly affect the
prognosis for death caused by thyroid carcinoma (p<0.05). In addition, the cumulative incidence rates at
50 and 100 months were calculated, as presented in Figure 1 and Table 2.
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Multivariate analyses

The application of Cox regression analysis, CS analysis, and SD analysis for the multivariate analyses
produced different results. Age, being unmarried, no regional lymph nodes examined, AJCC-6 stages II, III,
and IV, having FTC, MTC, and ATC, no surgery, no radioiodine, liver metastasis, and lung metastasis were
found to be signi�cant risk factors for thyroid carcinoma in all three methods, while being female and not
receiving chemotherapy were protective factors. The HR values for these predictive factors differed
between the three models.

Cox regression analysis showed that being black (p=0.01, HR=1.25) was a risk factor, while the SD
analysis (p=0.6) and CS analysis (p=0.25) did not. Cox regression analysis showed that tumor size >1 cm
(p=0.13) was not statistically signi�cant, while the SD analysis (p<0.01, HR=2.48) and CS analysis
(p=0.01, HR=2.59) showed that this was a signi�cant risk factor. Cox regression analysis (p<0.01,
HR=1.93) and CS analysis (p=0.01, HR=1.77) indicated that brain metastasis was a risk factor, while the
SD analysis (p=0.09) did not (Table 3).

Discussion
The sample size should be considered carefully when designing a competing-risks analysis. If the
proportion of competing events is greater than 10%, a Cox regression analysis can be severely affected
by bias[19] that overestimates the event incidence and poorly estimates the HRs. The present study
included 1205 DOC patients, representing almost half of the deaths, and so we used a competing-risks
model that could avoid this bias to obtain more accurate prognostic factors for thyroid carcinoma.
Competing-risks regression approaches focus on two de�nitions of hazard: SD and CS. The SD model is
useful for predicting an individual’s risk or when allocating resources, while the CS model may be better
suited for studying the etiology of diseases[20]. Since these two models have their own unique underlying
mechanisms, it is necessary to provide the results obtained from SD and CS models simultaneously.
Koller et al.[21] proposed that a SD model tends to estimate the disease risk and prognosis, which is more
suitable for establishing a clinical prediction model and risk scores. It is obvious that the HRs obtained in
the present SD model were the most valuable, since this model focuses on the direct assessment of
actual risks and therefore also the prognosis and medical decision-making.

The Cox regression analysis showed that there was no signi�cant difference between tumor sizes of
>1 and £1 cm, and that being black was a risk factor in the thyroid carcinoma patients. However, the
competing-risks model produced the opposite results. There is a considerable amount of evidence that
tumor size is an important prognostic factor for thyroid carcinoma[22]. Meanwhile, the effect of race in
predicting thyroid cancer death was inconclusive in our competing-risks model. It could be that the Cox
analysis overestimated the HR value for race, resulting in a false-positive result.

All three methods applied in this study indicated that older age, FTC, MTC, and ATC (all vs PTC), AJCC-6
stages II, III, and IV (all vs stage I), liver metastasis, and lung metastasis were detrimental prognostic
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factors. It is well known that age >45 years, extrathyroidal invasion, distant metastasis, large tumor,
vascular invasion, and poor differentiated histology are detrimental prognostic factors[4, 23, 24].

We found that the female-speci�c mortality was lower than the male-speci�c mortality in all three
methods, even though the incidence rate is higher in females than males[25]. There are con�icting reports
on the effect of sex on mortality. Ito and Miyauchi[26] and Lin et al.[27] found that a larger proportion of
male than female patients died of thyroid cancer, whereas Nguyen et al.[28] found the opposite result.
Bray et al.[25] reported that the mortality rates were similar in the sexes, based on global cancer statistics
published in 2018. It is possible that any effect of sex on mortality is related to geography and race. More
evidence is needed on the effect of sex on thyroid-cancer-speci�c death.

All three methods utilized in our study indicated that having the regional lymph nodes removed and
examined by the pathologist was a signi�cant protective factor for thyroid-cancer-speci�c death. There is
no report in the literature on whether having regional lymph nodes examined affects the prognosis of
thyroid cancer, while there is substantial evidence that local lymph node metastasis is a signi�cant risk
factor for thyroid-cancer-related death[29-33]. This suggests that in the case of unknown lymph node
metastasis, the prognosis of regional lymph nodes removed and examined may be better than that of no
regional lymph nodes removed and examined. As described in Shi et al.[34] and Merrill and Johnson[35],
we also found that being married has a positive effect on the prognosis of thyroid cancer in all three
analysis methods.

The treatment of choice for patients diagnosed with thyroid cancer is surgery, when possible. Usually,
surgery is followed by treatment with radioiodine. Chemotherapy is only considered if the patient has any
of the following conditions: (1) clinically signi�cant disease and evidence of disease progression, (2) a
symptomatic tumor burden that cannot be managed with localized treatments or other medical
treatment, or (3) the tumor threatens vital structures and cannot be managed with localized
treatments[36]. Still, the effects of chemotherapy have not been proven[37-40]. We found that receiving
surgery and radioiodine therapy were protective factors, and patients in receiving chemotherapy group
had a higher mortality rate than those in not receiving chemotherapy group.

While the above-mentioned factors have been demonstrated to be independent factors for the prognosis
of thyroid cancer in three analysis methods, compared to the SD model, Cox regression overrated the
prognostic effect of almost all of the variables we investigated, including age, sex, marital state, surgery
status, radioiodine status, and metastasis, as also described by Pintilie[37-40].

Conclusion
In addition to �nding that age, pathological type, tumor size, AJCC-6 stage, surgery status, radioiodine
status, metastasis as common factors affected the prognosis, we also found that women, being
unmarried and had their regional lymph nodes examined can improve the prognosis of thyroid cancer.
The discovery of these factors will provide evidences for the prevention and treatment of thyroid cancer.
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Table 1 Clinical and pathological characteristics of patients with thyroid cancer.
Prognostic factors Classification All Death due to thyroid

cancer

Number of Patients n   38444 1210
Median age at diagnosis, year (interquartile
range)

  46(35-57) 68 57.75-77

Sex n (%)      
  Male 9095(23.6) 537 44.38
  Female 29349(76.3) 673 55.62
Race n (%)      
  White 30589(79.57)916 75.70
  Black 1912(4.97) 78 6.45
  Other 5943(15.46) 216 17.85
Married State n (%)      
  Married 23508 61.14 662 54.71
  Unmarried 13209 34.36 507 41.90
  Unknown 1727 4.49 41 3.38
Insurance Recode n (%)      
  Uninsured 719 1.87 25 2.07
  Insured and Any

Medicaid
30135 78.38 832 68.76

  Unknown 7590 19.74 353 29.17
Tumor Size n (%)      
  ≤1cm 37567 97.72 969 80.08
  >1cm 109 0.28 7 0.58
  Unknown 768 2.00 234 19.34
Regional nodes Examined 
n (%)

     

  Yes 22695 59.03 611 50.50
  None 15672 40.77 585 48.35
  Unknown 77 0.20 14 1.16
AJCC-6 stage n (%)      
  I 27321 71.07 61 5.04
  II 2380 6.19 40 3.31
  III 4895 12.73 99 8.18
  IV 3848 10.01 1010 83.47
histology n (%)      
  Papillary 34624 90.06 592 48.93
  Follicular 2411 6.27 141 11.65
  Medullary 981 2.55 103 8.51
  anaplastic 428 1.11 374 30.91
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Prognostic factorsClassificationAll Death due to thyroid cancer
Surgery      
  Yes 37688 98.03 826 68.26
  No/Unknown756 1.97 384 31.74
Radioiodine      
  Yes 20483 53.28 575 47.52
  None 17961 46.72 635 52.48
Chemotherapy      
  Yes 383 1.00 268 22.15
  No/Unknown38061 99.0 942 77.85
Bone metastases      
  No 20972 54.55 425 35.12
  Yes 145 0.38 68 5.62
  Unknown 17327 45.07 717 59.26
Brain metastases      
  No 20972 54.55 464 38.35
  Yes 145 0.38 21 1.74
  Unknown 17327 45.07 725 59.92
Liver metastases      
  No 21068 54.80 463 38.26
  Yes 40 0.10 24 1.98
  Unknown 17336 45.09 723 59.75
Lung metastases      
  No 20816 54.15 321 26.53
  Yes 302 0.79 174 14.38
  Unknown 17326 45.07 715 59.09

Regional nodes Examined: whether regional lymph nodes had been removed and examined by the
pathologist. 
 
 

Table 2 Univariate analysis of prognostic factors in patients with thyroid cancer. 
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Prognostic factors Classification Gray's test P-value 50-month CIF 100-month CIF

Age   4078.66  <0.0001    
Sex   294.206  <0.0001    
  Male     0.049501 0.071436
  Female     0.019922 0.026577
Race   14.8218  0.0006    
  White     0.025628  0.034991 
  Black     0.036149 0.048238 
  Other     0.030713 0.045734
Married State   34.5785 <.0001    
  Married     0.023477 0.032510
  Unmarried     0.034271 0.045952
  Unknown     0.017915 0.034532
Insurance Recode   8.87786 0.0118    
  Uninsured     0.034382  
  Insured and Any Medicaid     0.025231 0.035461
  Unknown     0.032116 0.041782
Tumor Size   1864.36 <.0001    
  ≤1cm     0.02148 0.03088
  >1cm     0.06301  
  Unknown     0.29196 0.33284
Regional nodes Examined   85.9680  <.0001    
  Yes     0.02241  0.03430 
  None     0.03295 0.04086
  Unknown     0.16628  
AJCC-6 stage   7623.33 <.0001    
  I     0.00139 0.00319
  II     0.01093 0.02153
  III     0.01197 0.02727
  IV     0.23749 0.30195
histology    11641.30 <0.0001    
  Papillary     0.01330 0.02145
  Follicular     0.04396 0.06957
  Medullary     0.09138 0.12627
  anaplastic     0.88337  
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Prognostic factorsClassificationGray's test P-value 50-month CIF 100-month CIF
Surgery   6649.63  <0.0001    
  Yes     0.01732 0.02705
  No/Unknown    0.52500 0.56066
Radioiodine   26.5685 <0.0001    
  Yes     0.021760 0.033673
  None     0.032753 0.040686
Chemotherapy   5824.72 <.0001    
  No/Unknown    0.69220  0.74011
  Yes     0.02022 0.02992 
Bone metastases   1214.47  <.0001    
  No     0.02094  
  Yes     0.48200  
  Unknown     0.02983 0.03965
Brain metastases   795.594  <.0001    
  No     0.02274  0.6359 
  Yes        
  Unknown     0.03028 0.04009
Liver metastases   589.715  <.0001    
  No     0.02276  
  Yes     0.68281  
  Unknown     0.03017 0.03998 
Lung metastases   3789.35  <.0001    
  No     0.01591  
  Yes     0.59307  
  Unknown     0.02972 0.03954

Race-Other American Indian & AK Native & Asian & Pacific Islander
Marital status-Unmarried Single & Separated & Divorced &Widowed &Unmarried or Domestic Partner
 
 
 

 
Table 3 Multivariate analysis of prognostic factors in patients with thyroid cancer
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ssification Cox regression analysisSD model analysis CS model analysis
P-value HR 95%CI P-valueHR 95%CI P-valueHR 95%CI
<0.01 1.06 1.06-1.07 <0.01 1.04 1.03-1.04 <0.01 1.05 1.04-1.05
                 

Male - - - - - - - - -
emale <0.01 0.63 0.58-0.69 0.02 0.84 0.72-0.97 <0.01 0.78  0.69-0.87
e                  

White - - - - - - - - -
lack 0.01 1.25 1.06-1.47 0.60 1.0790.82-1.43 0.25 1.16  0.91-1.47
ther 0.09 0.91 0.81-1.02 0.35 1.08 0.92-1.26 0.79 1.02  0.88-1.19
rried State                  

Married - - - - - - - - -
nmarried <0.01 1.64 1.50-1.79 <0.01 1.3281.14-1.55 <0.01 1.43 1.26-1.62
nknown 0.28 1.12 0.91-1.38 0.58 0.91 0.65-1.28 0.56 0.91  0.66-1.25
urance Recode                  

ninsured - - - - - - - - -
nsured and Any Medicaid0.50 0.89 0.62-1.26 0.07 0.67 0.43-1.04 0.13 0.73  0.48-1.10
nknown 0.80 1.05 0.73-1.50 0.59 0.88 0.56-1.40 0.61 0.90  0.58-1.38

mor Size                  
1cm - - - - - - - - -
1cm 0.13 1.59 0.88-2.88 <0.01 2.48 1.37-4.49 0.01 2.59  1.23-5.47
nknown <0.01 1.50 1.30-1.74 <0.01 1.52 1.20-1.92 <0.01 1.71  1.45-2.02

gional nodes
mined

                 

es - - - - - - - - -
one <0.01 1.25 1.14-1.37 0.01 1.25 1.06-1.47 <0.01 1.31  1.15-1.51

nknown 0.37 1.26 0.76-2.09 0.01 1.81 1.14-2.87 0.06 1.70 0.98-2.93
C-6 stage                  

- - - - - - - - -
<0.01 1.33 1.12-1.59 <0.01 3.94 2.61-5.94 <0.01 3.70 2.47-5.55

I <0.01 1.69 1.47-1.95 <0.01 5.96 4.28-8.29 <0.01 5.77 4.15-8.01
V <0.01 4.86 4.27-5.54 <0.01 41.1130.44-55.50<0.01 40.7330.57-54.27
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ssification Cox regression analysisSD model analysis CS model analysis
P-value HR 95%CI P-valueHR 95%CI P-valueHR 95%CI

ology                   
pillary  - - - - - - - - -
llicular  <0.01 1.22 1.06-1.40 <0.01 1.441.15-1.79<0.01 1.461.20-1.78
edullary  <0.01 1.51 1.27-1.80 <0.01 1.671.33-2.14<0.01 1.811.44-2.27
aplastic  <0.01 6.74 5.70-7.97 <0.01 6.144.79-7.87<0.01 9.347.71-11.31
gery                  
es - - - - - - - - -
o <0.01 1.99 1.71-2.30 <0.01 1.711.37-2.12<0.01 2.061.72-2.46

dioiodine                  
es - - - - - - - - -
one <0.01 1.35 1.23-1.48 0.02 1.181.02-1.37<0.01 1.251.09-1.44

emotherapy                  
es - - - - - - - - -
o/Unknown <0.01 0.61 0.52-0.74 <0.01 0.530.41-0.70 <0.01 0.73 0.61-0.89
e metastases                  
o - - - - - - - - -
es 0.14 1.21 0.94-1.57 0.22 1.190.90-1.58 0.26 1.17 0.89-1.55
nknown 0.82 0.90 0.34-2.33 0.87 0.910.29-2.84 0.97 0.98 0.33-2.91
in metastases                  
o - - - - - - - - -
es <0.01 1.93 1.24-3.00 0.09 1.720.92-3.21 0.01 1.77 1.12-2.80
nknown 0.41 1.65 0.50-5.46 0.23 2.270.60-8.52 0.11 2.920.78-10.89

er metastases                  
o - - - - - - - - -
es <0.01 2.23 1.46-3.39 <0.01 2.171.41-3.35 <0.01 2.36 1.52-3.66
nknown 0.78 0.83 0.22-3.11 0.48 0.560.12-2.75 0.20 0.38 0.09-1.66
g metastases                  
o - - - - - - - - -
es <0.01 2.31 1.92-2.77 <0.01 2.592.07-3.24 <0.01 2.42 1.97-2.98
nknown 0.99 0.99 0.45-2.17 0.75 1.160.46-2.94 0.66 1.21 0.51-2.87

Figures
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Figure 1

CIF of death due to thyroid carcinoma over time-month Abbreviations: CIF: The cumulative incidence
function; Sex: 1 Male, 2 Female; Race: 1 White, 2 Black, 3 Other; Mari(Married State): 1 Married, 2
Unmarried, 3 Unknown; INR(Insurance Recode): 1 Uninsured, 2 Insured and Any Medicaid, 3 Unknown;
Size: 1 ≤1cm, 2>1cm, 3Unknown; RNE(Regional nodes Examined): 1 Yes, 2 None, 3 Unknown; AJCC-6: 1 I,
2 II, 3 III, 4 IV; Hist (histology): 1 Papillar, 2 Follicular, 3 Medullary, 4 anaplastic; SUR(Surgery) 1 Yes, 2 No;
RAD(Radioiodine): 1 Yes, 2 None; CHE(Chemotherapy): 1Yes, 2 No/Unknow; Metbo(Bone metastases): 1
No, 2 Yes, 3 Unknown; Metbr(Brain metastases): 1 No, 2 Yes, 3 Unknown; Metli(Liver metastases): 1 No, 2
Yes, 3 Unknown; Metlu(Lung metastases): 1 No, 2 Yes, 3 Unknown;


