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Background: Primary squamous cell carcinoma of the thyroid (PSCCTh) is a sporadic malignancy arising 
from the thyroid gland. The factors that affect treatment and survival in patients with PSCCTh remain 
unclear. Our study aims to characterize PSCCTh and establish a prognosis prediction model for patients 
with PSCCTh.
Methods: Clinical data and follow-up information for 277 patients from 1973 to 2016 were collected from 
the Surveillance, Epidemiology, and End Results Program (SEER) 18-registry database (RRID:SCR_003293). 
Univariate and multivariate Cox proportional hazards analyses and nomogram modeling of potential 
prognostic factors were conducted.
Results: Among the collected patient cases, 57% were female and 43% were male. The median survival 
of all cases was 6 months; by gender, median survival was 5 and 8 months in the female and male groups, 
respectively. Univariate and multivariate Cox proportional hazards analyses revealed that age, extent of 
disease (EOD), T stage, N stage, and treatment were independent prognostic indicators for overall survival 
(OS) and disease-specific survival (DSS) in patients with PSCCTh. In addition, it was confirmed that the 
established nomogram model had good consistency and discrimination for PSCCTh prognosis as measured 
by the concordance index (C-index), area under the receiver operating characteristic (ROC) curve (AUC), 
and calibration curves.
Conclusions: Our study indicates that age, EOD, T stage, N stage, and treatment may correlate with 
OS and DSS in patients with PSCCTh. Importantly, our nomogram prediction model, constructed using 
parameters including age, T stage, N stage, and treatment, may assist physicians in evaluating patients’ 
prognoses and providing precise therapy for PSCCTh.
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Introduction

Primary squamous cel l  carcinoma of  the thyroid 
(PSCCTh), a rare malignancy accounting for less than 
1% of all primary carcinomas of the thyroid gland (1), 
was first reported by Vonkarst et al. in 1858 (2). The most 
common symptom of PSCCTh, as with other thyroid 
cancers, including papillary carcinoma, is the development 
of a neck mass (60%), followed by difficulty breathing 
or swallowing (20%) and voice changes (15%) (3). The 
primary cause of mortality in PSCCTh is the involvement 
of the respiratory system due to direct invasion or 
compression of the trachea (4). However, the prognosis 
of PSCCTh patients is much worse than for patients with 
other types of thyroid cancers. Papillary thyroid carcinoma 
(PTC) and follicular thyroid carcinoma (FTC) account 
for over 90% of all thyroid cancer cases (5). Both PTC 
and FTC have good prognoses and survival rates, with 
an average survival of over 48 months (6), 5-year overall 
survival (OS) rates of 87.0% (7), and 10-year OS rates of 
76.8% (8). Anaplastic thyroid carcinoma (ATC) accounts 
for less than 2% of all thyroid tumors, and 14–39% of 
deaths related to thyroid carcinoma are attributable to 
ATC (9). The median survival of patients with ATC is 
approximately 3 months; only 10–15% of patients survive 
2 years after symptom presentation (10,11), and the 1-year 
survival rate is only 19.1% (5). The clinical characteristics 
of PSCCTh resemble those of ATC, and its prognosis is 
similarly poor. The average survival time of patients with 
PSCCTh is approximately 6.5 months (12), and the 1-year 
survival rate is 22.7% (13).

The gold standard for the diagnosis of PSCCTh requires 
a complete pathological examination of surgical specimens, 
as it is difficult to distinguish a PSCCTh from one 
originating in other anatomical sites if it invades adjacent 
tissue (14). In addition, the source of thyroid squamous 
cells is still unknown. To date, three theories regarding 
the origin of thyroid squamous cells have emerged: (I) the 
embryonic nest theory proposes that squamous cells may be 
derived from embryonic remnants, such as the thyroglossal 
duct, thymic epithelium, and bronchial body (15); (II) the 
metaplastic theory puts forward the idea that environmental 
stimuli (such as inflammation and Hashimoto’s thyroiditis) 
could lead to squamous metaplasia (16); and (III) the 
dedifferentiation theory posits that existing papillary, 
follicular, medullary, and undifferentiated thyroid cancers 
differentiate into squamous cell carcinoma (17). However, 

these hypotheses require further study to be verified.
Due to its atypical characteristics and low incidence, 

there are a limited number of studies in the literature 
contributing to our understanding of PSCCTh. Most 
available articles are either case reports or small case series 
from a single institution (18-20). To better understand 
PSCCTh, the research community desperately needs 
studies that enroll more patients across multiple hospitals. 
The Surveillance, Epidemiology, and End Results 
Program (SEER) 18-registry database collects nationwide 
clinicopathological data and basic follow-up information 
in the U.S., which makes it a fantastic tool for studying 
rare cancers (21). Cancer-related data in the database is 
standardized using SEERStat software and is regularly 
updated and released. Consequently, by encompassing a 
large patient cohort and presenting a powerful statistical 
utility, the SEER database may provide us a solid clinical 
reference for PSCCTh. To our knowledge, there are 
three PSCCTh studies based on the SEER registry 
and the National Cancer Database (NCDB, another 
nationwide oncology database) (22-24). These studies 
examined factors impacting the prognosis of PSCCTh, 
which laid the foundation for further research. However, 
there are still some unclarified points. For example, it 
remains undetermined whether there is a cutoff age that 
could help clinicians predict prognosis. Additionally, it is 
unclear whether there are differences in prognostic factors 
for PSCCTh patients who meet various criteria (e.g., 
metastasis/no metastasis, radiotherapy/no radiotherapy). To 
fill these gaps, we applied the SEER database to characterize 
and analyze clinical factors, such as age, presence of distant 
metastasis, and treatment regimen, that affect the prognosis 
of patients with PSCCTh. This study is the first to generate 
a nomogram prognosis prediction model for PSCCTh. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-847).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Because the 
data in the SEER database contain no personal identifiers 
and are publicly available after permission is obtained, the 
Medical Ethics Committee of Xiangya Hospital, Central 
South University in Changsha, China exempted this study 
from review.

http://dx.doi.org/10.21037/gs-20-847
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Data collection

All PSCCTh patients enrolled in this study were more 
than 25 years of age and were enrolled from 1973 to 2016. 
Squamous cell carcinoma was identified according to the 
International Classification of Diseases for Oncology 3rd 
edition (ICD-O-3)/World Health Organization (WHO) 
2008 histology and behavior codes from 8070/3 to 8076/3 
and the thyroid primary site code C739. Primary data were 
extracted from each individual cancer case in the database. 
Demographic variables included the patient record number, 
age at diagnosis, years since diagnosis, and gender. Based 
on the AJCCT (American Joint Committee on Cancer 
Staging) 6th edition (2004+), the clinical factors of interest 
included length of survival; cause of death (COD) according 
to the site record; vital status recode; ICD-O-3 histologic 
type; tumor grade (well/moderately/poorly differentiated 
and undifferentiated); tumor size via North American 
Association of Central Cancer Registries (NAACCR) 
#2800 (information on tumor size, available for 2004+), 
#780 (available for 1988–2003), and #860 (available for 
1983–1987); extent of disease (EOD)-extent via NAACCR 
#790 (information on the EOD, available for 1988–2003), 
#860 (available for 1983–1987), and #840 (available for 
1975–1982); the history of surgical treatment with radiation 
or chemotherapy; T stage; N stage; and M stage.

Tumor case cohort

A total of 277 patients were enrolled in the study, which 
included five distinct morphological subtypes within 
PSCCTh: 8070/3: squamous cell carcinoma, not otherwise 
specified (NOS); 8071/3: keratinizing; 8072/3: large cell, 
nonkeratinizing (LCN); 8074/3: spindle cell (SC); and 
8076/3: micro-invasive (MI). Certain continuous variables 
were converted into dichotomous variables due to the 
limited sample size or asymmetrical distribution. With 
regard to age, we analyzed the impact of different ages on 
patient prognosis and selected 70 years old as the point at 
which to divide the population into two groups (Figure 1).  
We defined three groups based on treatment strategy: 
surgery with adjuvant radiation therapy, surgery with no 
radiation, and no surgical treatment. Tumor sizes ranged 
from 7 to 150 mm, with a mean size of 51 mm and a 
median size of 49 mm; therefore, 50 mm was selected as 
the size standard used to divide the tumors into two groups. 
According to the AJCCT 6th edition, T classification was 
grouped into early-stage (T1, T2, and T3) and advanced-

stage (T4a, T4b, and T4NOS).
SEER EOD coding incorporates six digits, of which 

three represent the size and/or involvement of the primary 
tumor, two represent the tumor extension, and one digit 
is a general code for lymph node involvement. For the 
four additional digits, two numbers indicate the presence 
or absence of pathologically positive lymph nodes, and 
two numbers indicate the total number of lymph nodes 
examined. EOD codes based on clinical, operative, and 
pathological diagnoses provide comprehensive information 
on tumor development and metastasis (25). Following the 
SEER EOD 1988 Codes and Coding Instructions (3rd 
edition, 1998), enrolled patients were classified into two 
groups: those with metastasis (score ≥85) and those without 
(score <85). Summary data for all the enrolled patients are 
presented in Table 1.

Statistical analysis

All analyses were conducted using SPSS software version 
22.0 (IBM Corp., New York, RRID:SCR_019096). Kaplan-
Meier survival analyses (log-rank test) and multivariate Cox 
proportional hazards analyses were performed to evaluate 
OS and disease-specific survival (DSS) based on potential 
prognostic factors, such as age at diagnosis, tumor grade, 
surgical treatment, EOD, and TNM stage. P<0.05 was 
considered statistically significant. Following the univariate 
analyses, as some indicators correlated with each other, 
it was necessary to summarize and extract independent 
factors through comparative tests before conducting the 
multivariate Cox analyses (23). We subsequently excluded 
non-independent variables and variables that did not show 
statistical significance. The significant variables (P<0.1) 
identified in univariate analyses were included in the 
stepwise regression analyses (backward method), which 
ultimately determined the variables included in the Cox 
proportional hazards model (26).

Construction and verification of the prediction model

The nomogram survival model was established based on 
the Cox proportional hazards model and survival package 
of R software (27). The independent prognostic factors in 
multivariate Cox analyses were converted into regression 
coefficients using the software to determine the scores of 
the predictive factors, and a nomogram was drawn for the 
prediction model. Based on the patient’s situation, we could 
draw vertical lines on the nomogram to calculate the scores 
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Figure 1 The age distribution with each 5-year age cohort in PSCCTh patients (A). Forest plot of multivariate analysis of each factor’s 
ability in predicting OS (B). PSCCTh, primary squamous cell carcinoma of the thyroid; OS, overall survival; CI, confidence interval.
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corresponding to specific patient factors and add the scores 
to obtain the total score. The vertical line corresponding 
to the total score intersects the lines representing the 
probability of survival at 1, 3, and 5 years to yield the 
predicted survival probability for a specific PSCCTh 
patient. The bootstrap self-sampling method was used to 
resample the verification group data 1,000 times to obtain 
a calibration curve that indicated the degree of consistency 
between the predicted survival rate and the actual survival 
rate while avoiding overfitting the model (28); good 
prediction consistency was established when scattered points 
fell on the 45° diagonal reference line. The discrimination 
was measured via the area under the receiver operating 
characteristic (ROC) curve (AUC) and concordance index 
(C-index), resulting in values ranging from 0 to 1. These 
values for our model were close to 1, demonstrating that it 
had discrimination capacity.

Results

Patient characteristics

A total of 277 patients with PSCCTh were selected 
from the SEER database. As shown in Table 1, female 
and male patients accounted for 57% and 43% of the 
cohort, respectively. The median age of these patients was 
72 (range, 25–89) years old. Most of the patients were 
65–69 years old [hazard ratio (HR): 0.483 (0.398–0.767), 
P=0.002], and 52% of patients in the primary cohort were 
70 years old or older (Figure 1). The distribution of tumor 
grade was 7%, 21%, 50%, and 22% for grades I, II, III, 
and IV, respectively. There were 28 (10.1%) patients with 
T1–3 tumors and 85 (30.7%) with T4 tumors. A total of 
60 (21.7%) patients had a distant metastasis. A total of 
29.2% received surgery with radiotherapy, and 20.9% 
were treated with surgery only.
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Table 1 Demographic, clinical, and pathologic characteristics in 277 patients with primary squamous cell carcinoma in the thyroid, 1973–2016

Characteristics No. of patients (%)

Gender

Male 119 (43.0)

Female 158 (57.0)

Age (years old)

<70 133 (48.0)

≥70 144 (52.0)

Race

White 226 (81.5)

Blacks 21 (7.5)

Other (American Indian/AK Native, Asian/Pacific Islander) 28 (10.3)

Unknown 2 (0.7)

Insurance status

Insured 116 (41.9)

Uninsured 3 (1.1)

Unknown 158 (57.0)

Marriage

Married 148 (53.4)

Single (including divorced, widowed, and never married) 110 (39.7)

Unknown 19 (6.9)

Grade

Well-differentiated; grade I 14 (5.0)

Moderately differentiated; grade II 39 (14.1)

Poorly differentiated; grade III 97 (35.0)

Undifferentiated; anaplastic; grade IV 44 (15.9)

Unknown 83 (30.0)

Tumor size (mm)

<50 47 (17.0)

≥50 46 (16.6)

Unknown 184 (66.4)

Subtype

8070/3: squamous cell carcinoma, NOS 240 (86.6)

8071/3: squamous cell carcinoma, keratinizing, NOS 20 (7.3)

8072/3: squamous cell carcinoma, LCN 3 (1.1)

8074/3: squamous cell carcinoma, SC 13 (4.7)

8076/3: squamous cell carcinoma, MI 1 (0.3)

Table 1 (continued)
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Table 1 (continued)

Characteristics No. of patients (%)

T classification

T1–3 28 (10.1)

T4 85 (30.7)

Unknown 164 (59.2)

N classification

N0 56 (20.2)

N1 60 (21.7)

Unknown 161 (58.1)

M classification

M0 92 (33.2)

M1 34 (12.2)

Unknown 151 (54.6)

EOD

Distant metastasis, NOS 60 (21.7)

No distant metastasis, unknown if distant metastasis 217 (78.3)

Treatment modality

Surgery and radiation 81 (29.2)

Surgery only 58 (20.9)

No surgery and no radiation 136 (49.1)

Unknown 2 (0.8)

Chemotherapy

Yes 77 (27.6)

No/unknown 200 (72.4)

NOS, not otherwise specified; LCN, large cell, nonkeratinizing; SC, spindle cell; MI, micro-invasive; EOD, extent of disease.

Survival outcomes

Older patients (age ≥70) constituted 76% of patients with 
a median survival time of 4 months, while younger patients 
(age <70) demonstrated a longer median survival time of  
13 months. In the survival analyses, as shown in Table 2, OS 
and DSS were significantly associated with age at diagnosis 
(OS, P<0.001; DSS, P=0.001) but not correlated with sex 
(OS, P=0.524; DSS, P=0.571). The median survival of 
patients with tumor grades I, II, III, and IV was 24, 9, 4, 
and 3 months (OS, P=0.001), but this factor did not have 
a significant impact on DSS (P=0.079). In this cohort, 
T4 patients had a median survival of 3 months, which 

was significantly shorter than the 19 months for T1–T3 
patients (OS, P<0.001; DSS, P=0.002). The N stage showed 
statistical significance in the prediction of OS (P=0.023) but 
had no significant impact on DSS (P=0.075). The median 
survival in patients with EOD was 5 months, while patients 
without EOD had a median survival time of 11 months. 
The Kaplan-Meier curves also showed that no EOD was 
associated with better OS or DSS (OS, P<0.001; DSS, 
P=0.007). The median survival of patients who received 
surgical treatment was also significantly higher than that 
of patients who did not receive surgery (surgery with 
radiation: 7 months; surgery only: 6 months; no surgery:  
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Table 2 Univariate analysis of prognostic factors for primary squamous cell carcinoma in thyroid

Characteristics
OS DSS

HR (95% CI) P value HR (95% CI) P value

Gender

Female vs. male 0.921 (0.710–1.196) 0.524 0.834 (0.509–1.364) 0.571

Age (years old)

≥70 vs. <70 1.815 (1.400–2.354) 0.000* 1.632 (0.899–2.124) 0.001*

Tumor size

≥50 vs. <50 1.433 (0.920–2.232) 0.097 1.992 (1.103–3.597) 0.142

EOD

Yes vs. no/unknown 2.045 (1.146–3.650) 0.000* 1.666 (0.836–3.321) 0.007*

T classification

T4 vs. T1–3 2.711 (1.612–4.562) 0.000* 2.312 (1.587–3.422) 0.002*

N classification

N1 vs. N0 1.562 (1.044–2.337) 0.023* 1.559 (0.933–2.605) 0.075

M classification

M1 vs. M0 1.428 (0.950–2.148) 0.071 1.430 (0.850–2.405) 0.315

Grade

Grade III–IV vs. I–II 1.409 (1.183–1.680) 0.001* 1.471 (1.150–1.882) 0.079

Subtype

Keratinizing/LCN/SC/MI vs. NOS 0.894 (0.661–1.210) 0.999 0.949 (0.645–1.397) 0.843

Surgery treatment

Surgery only vs. no/unknown 0.710 (0.608–0.828) 0.000* 0.761 (0.624–0.928) 0.007*

Surgery + radiation vs. no/unknown 0.824 (0.535–1.002) 0.001* 0.824 (0.535–1.002) 0.002*

Chemotherapy

Yes vs. no/unknown 1.163 (0.872–1.551) 0.283 1.126 (0.785–1.617) 0.090

*, P<0.05. OS, overall survival; DSS, disease-specific survival; HR, hazard ratio; CI, confidence interval; EOD, extent of disease; LCN, large 
cell, nonkeratinizing; SC, spindle cell; MI, micro-invasive; NOS, not otherwise specified.

3 months) ,  and those prognostic  indicators  were 
significantly different (OS, P<0.001; DSS, P=0.002). As 
shown in Figure 2, indicators with statistical significance 
with respect to OS and DSS were used to draw the survival 
curves for OS.

Multivariable Cox proportional hazards analyses

Indicators with a P value <0.1 in the univariate analyses 
were further analyzed in multivariate analyses using 
a  backward model  select ion procedure fol lowing 

comparative tests (as shown in Table S1), and significant 
variables (P<0.05) remained in the final Cox model. As 
shown in Table 3, age [OS, HR: 1.464, 95% confidence 
interval (CI): (1.084–1.978), P=0.013; DSS, HR: 2.238, 
95% CI: (1.076–4.655), P=0.031], T stage [OS, HR: 2.684, 
95% CI: (1.553–4.639), P<0.001; DSS, HR: 4.500, 95% 
CI: (1.760–11.505), P=0.002], N stage [OS, HR: 2.147, 
95% CI: (1.345–3.428), P=0.001; DSS, HR: 1.853, 95% 
CI: (1.024–3.352), P=0.041], surgery [OS, HR: 0.587, 
95% CI: (0.254–0.869); DSS, HR: 0.405, 95% CI: (0.104–
0.750)] and surgery + radiation [OS, HR: 0.603, 95% CI: 

https://cdn.amegroups.cn/static/public/GS-20-847-suppementary.pdf
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(0.465–0.782); DSS, HR: 0.662, 95% CI: (0.479–0.915)] 
were independent prognostic factors in patients with 
PSCCTh.

Stratified subgroup analyses

According to the 2020 NCCN guidelines (https://www.
nccn.org), age is a crucial initial indicator of the clinical 
stage in patients with PTC, which may skew the survival 
outcomes to some extent. To determine whether similar 

indicators could be identified in PSCCTh, we performed a 
further analysis of the prognostic factors (mainly focused on 
treatment) after stratifying patients by age, EOD status, and 
clinical stage (as shown in Tables S2-S6).

As shown in Table 4, N0 stage [OS, HR: 1.887, 95% 
CI: (0.939–3.574), P=0.014; DSS, HR: 2.048, 95% CI: 
(1.306–4.217), P=0.011] or having received chemotherapy 
[OS, HR: 0.449, 95% CI: (0.262–0.915), P=0.012; DSS, 
HR: 0.563, 95% CI: (0.218–0.905), P=0.010] could predict 
increased OS and DSS in younger PSCCTh patients 

Figure 2 Kaplan-Meier curves of OS based on age (A), EOD (B), T classification (C), and surgery treatment (D). OS, overall survival; EOD, 
extent of disease.
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Table 3 Multivariable Cox proportional hazards analyses for prognostic factors among clinical variables

Characteristics
OS DSS

HR (95% CI) P value HR (95% CI) P value

Age (years old)

≥70 vs. <70 1.464 (1.084–1.978) 0.013* 2.238 (1.076–4.655) 0.031*

T classification

T4 vs. T1–3 2.684 (1.553–4.639) <0.001* 4.500 (1.760–11.505) 0.002*

N classification

N1 vs. N0 2.147 (1.345–3.428) 0.001* 1.853 (1.024–3.352) 0.041*

Surgery treatment

Surgery only vs. no/unknown 0.587 (0.254–0.869) 0.001* 0.405 (0.104–0.750) 0.011*

Surgery + radiation vs. no/unknown 0.603 (0.465–0.782) <0.001* 0.662 (0.479–0.915) 0.013*

*, P<0.05. OS, overall survival; DSS, disease-specific survival; HR, hazard ratio; CI, confidence interval.

https://www.nccn.org
https://www.nccn.org
https://cdn.amegroups.cn/static/public/GS-20-847-suppementary.pdf
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Table 4 Multivariable Cox proportional hazards analysis for OS stratified by the subgroups of age

Characteristics
OS (age <70) OS (age ≥70)

HR (95% CI) P value HR (95% CI) P value

Tumor size

≥50 vs. <50 1.875 (0.751–3.629) 0.124 1.347 (0.638–2.843) 0.041*

T classification

T4 vs. T1–3 1.819 (0.917–3.609) 0.087 1.806 (0.819–3.980) 0.085

N classification

N1 vs. N0 1.887 (0.939–3.574) 0.014* 1.177 (0.633–2.287) 0.074

Surgery treatment

Surgery only vs. no/unknown 0.538 (0.256–0.941) 0.017* 0.498 (0.199–0.852) 0.003*

Surgery + radiation vs. no/unknown 0.465 (0.330–0.665) <0.001* 0.572 (0.384–0.853) 0.006*

Chemotherapy

Yes vs. no/unknown 0.449 (0.262–0.915) 0.012* 0.710 (0.318–1.939) 0.091

*, P<0.05. OS, overall survival; HR, hazard ratio; CI, confidence interval.

(age <70) but not in older PSCCTh patients (age ≥70). 
Moreover, surgery might increase OS and DSS in all 
patients.

In patients without EOD, surgery with radiation was 
found to be an independent predictor of improved OS 
[HR: 0.535, 95% CI: (0.378–0.756), P<0.001] and DSS 
[HR: 0.702, 95% CI: (0.446–0.989), P<0.001], and LCN 
squamous cell carcinoma was the best predictor for OS [HR: 
2.024, 95% CI: (0.977–4.193), P=0.004] and DSS [HR: 
2.988, 95% CI: (1.788–6.017), P=0.007], with a median 
survival of 30.5 months. Age was the only independent 
prognostic factor in patients with EOD [OS, HR: 6.130, 
95% CI: (1.711–21.964), P=0.005; DSS, HR: 5.234, 95% 
CI: (1.096–17.407), P=0.003].

For advanced-stage patients, regardless of age, T 
stage, or N stage, undergoing surgery with radiation 
could improve their OS and DSS to a greater degree than 
undergoing surgery alone, while there was no significant 
difference between these factors for early-stage patients, 
suggesting that radiotherapy might be an important factor 
for improving the prognosis of advanced-stage patients.

Establishment and validation of the nomogram model for 
predicting prognosis

To produce accurate and visual outcome predictions, we 
constructed a nomogram model for this cohort of PSCCTh 

patients using the independent prognostic factors in the 
above multivariate Cox analyses.

The probability of 1-, 3-, and 5-year OS in PSCCTh 
patients was predicted in the nomogram model using total 
scores based on the cumulative scaled values for age, T 
stage, N stage, and treatment (Figure 3). We analyzed the 
performance of our nomogram model by comparing the 
consistency and discrimination between the predicted and 
actual events for PSCCTh patients using calibration, ROC, 
and C-index assays. As shown in Figure 4, the calibration 
curves (bootstrapping, n=1,000) showed a good fit for 
the predicted survival probability with the actual survival 
probability for the 1-, 3-, and 5-year time points. The 
C-index of the nomogram model was 0.871, and the AUC 
results of the 1-, 3-, and 5-year OS were 0.937 (95% CI: 
0.918–0.966), 0.894 (95% CI: 0.872–0.911), and 0.928 (95% 
CI: 0.905–0.952), respectively (Figure 5), proving that the 
model had a good discriminatory capacity and potential for 
clinical application.

To test the advantages of our nomogram model, we 
compared it to the TNM staging model. The C-index of 
the TNM model was 0.658. The AUC results of TNM 
staging for 1-, 3-, and 5-year OS were 0.664 (95% CI: 
0.551–0.778), 0.662 (95% CI: 0.465–0.858), and 0.648 (95% 
CI: 0.413–0.883), respectively, indicating that the utility of 
TNM staging for predicting PSCCTh prognosis is much 
lower than that of our nomogram model.
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Figure 3 Nomogram for predicting 1-, 3-, and 5-year OS of PSCCTh cases. For each patient, four lines are drawn upward to determine the 
points received from the four predictors in the nomogram. The sum of these points is located on the “total points” axis. In addition, a line is 
drawn downward to determine the possibility of 1-, 3-, and 5-year OS. OS, overall survival; PSCCTh, primary squamous cell carcinoma of 
the thyroid.
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Discussion

PSCCTh is a rare malignancy accounting for approximately 
1% of thyroid cancers, making it a challenge to investigate 
in depth due to the limited number of cases at a single 
institution. As opposed to previous case reports or small 
cohort studies, we applied the U.S. nation-wide database 
named “SEER” to overcome the bias due to the small 
sample size. Here, we showed that PSCCTh was slightly 
more common in females than males, consistent with 
published case reports and reviews (29,30). This finding 
may assist head and neck physicians in predicting the 
location of the primary lesion if a patient has laryngeal and 
thyroid squamous cell carcinoma simultaneously, as it is well 
known that the incidence of laryngeal cancer is six times 
higher in males than females.

In this PSCCTh study, similar to papillary thyroid 
cancer, age was found to be an important metric for 
predicting survival time and confounding TNM stages. 
PSCCTh patients less than 70 years of age may have better 

survival than older patients regardless of other clinical 
parameters. The prognosis was related to tumor grade and 
undergoing chemotherapy in the younger patient group  
(<70 years) but not in the older group (≥70 years). If this 
finding is confirmed in a larger number of future studies, 
then 70 years may be a potential age threshold to be 
incorporated in the TNM stage system, similar to the 
impact of age over 55 years in papillary thyroid cancer 
according to the 2020 NCCN guideline (https://www.nccn.
org). This finding could assist clinicians in determining 
whether patients need radiotherapy.

In practice, TNM stage has been a universal factor 
for indirectly describing patient outcomes since 1953. 
However, the pitfalls surrounding predicting prognosis 
based on the TNM stage are obvious. For instance, without 
incorporating other independent prognostic variables, 
such as age, gender, treatment, genetic differences, or 
histology, it is difficult to correlate prognosis with the 
limited descriptive variables of the TNM stage to accurately 

https://www.nccn.org
https://www.nccn.org
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Figure 4 The calibration plots for predicting the probability of 1-year (A), 3-year (B) and 5-year (C) in the training set for OS by 
bootstrapping (n=1,000). OS, overall survival.

predict patient outcomes. To overcome the limitations of 
TNM staging, the nomogram model can incorporate any 
categorized and continuous variables relevant to prognosis 
and offer more user-friendly and quantitated scores for 
interpreting the predicted survival. To better understand 
the prognosis of PSCCTh, we constructed a nomogram 
model with four variables, including age, T stage, N stage, 
and surgical treatment. To the best of our knowledge, this 
is the first nomogram model established for PSCCTh. 
Furthermore, the ability of our model to distinguish 
varying prognoses in PSCCTh patients was confirmed to 
be superior to the TNM system via multiple assays, such as 

the C-index and ROC analysis. If the model we constructed 
could be further validated in an additional dataset in the 
future, then it would be of great assistance in physician 
decision-making and counseling.

Despite these findings and the innovations mentioned 
above in this study, we should be aware of some limitations 
that may confound the conclusion to some extent. The 
nomogram model typically needs to be validated by external 
data. Unfortunately, there is no additional PSCCTh 
dataset available for us to use to perform the external 
validation. Therefore, we had no choice but to employ 
internal bootstrapping validation as an alternative option. 
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Figure 5 ROC curves of the nomogram in prediction of prognosis at 1-year (A), 3-year (B), and 5-year point (C). ROC, receiver operating 
characteristic curve; AUC, area under the ROC curve; OS, overall survival; CI, confidence interval.

Additionally, there was unknown or missing information in 
this dataset, which could introduce bias. To reduce errors 
caused by missing data as much as possible, we used SPSS 
software to analyze the missing data, get the abstract of 
the missing data and ten missing modes, and identify the 
data type was missing at random (MAR). Then we used 
a mean completer for continuous variables and multiple 
imputations for categorical variables to evaluate the MAR 
data. However, regardless of the filling method used, the 
influence of subjective factors on the original system cannot 
be eliminated. Besides, we need to point out that the highly 
heterogeneous treatment modality might make some 
biases in the conclusion. The best way to eliminate these 
biases is the control variables. However, in actual clinical 

practice, it is almost difficult to have such control variables. 
And more details of these data cannot be identified in the 
SEER database. In future research, we will strive to collect 
more available information, select appropriate data for 
comparative analysis, and thereby reduce the impact of 
heterogeneity.

Conclusions

PSCCTh is a rare malignant tumor with high invasiveness 
and poor prognosis. This study showed that factors such 
as patient age, T stage, N stage, and surgical treatment 
are independent predictors of OS. PSCCTh patients 
who receive an early diagnosis and complete surgery 
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with adjuvant radiation may have a better prognosis. The 
nomograms for PSCCTh prognosis predictions could help 
clinicians predict prognosis more accurately and provide 
individualized treatment.
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Table S1 Comparative tests of prognostic factors for primary squamous cell carcinoma in thyroid

Characteristics Gender Size Age T stage N stage M stage Grade Surgery Subtype Chemotherapy

Gender – 0.290 0.915 0.175 0.341 0.587 0.776 0.156 0.322 0.800

Size 0.290 – 0.882 0.228 0.290 0.672 0.552 0.646 0.094 0.530

Age 0.915 0.882 – 0.370 0.915 0.751 0.013* 0.086 0.132 0.882

T stage 0.175 0.228 0.370 – 0.704 0.672 0.065 0.129 0.244 0.426

N stage 0.341 0.290 0.915 0.704 – 0.036* 0.247 0.760 0.830 0.056

M stage 0.587 0.672 0.751 0.672 0.036 – 0.160 0.045* 0.353 0.184

Grade 0.776 0.552 0.013* 0.065 0.247 0.160 – 0.160 0.059 0.270

Surgery 0.156 0.646 0.086 0.129 0.760 0.045* 0.160 – 0.353 0.021*

Subtype 0.322 0.094 0.132 0.244 0.830 0.353 0.059 0.353 – 0.442

Chemotherapy 0.800 0.530 0.882 0.426 0.056 0.184 0.270 0.021* 0.442 –

*, P<0.05.

Table S2 Univariate Cox proportional hazards analysis stratified by the subgroups of age

Characteristics
Univariate log-rank P value

OS (age <70) OS (age ≥70) DSS (age <70) DSS (age ≥70)

Gender

Female vs. male 0.537 0.754 0.896 0.223

Tumor size

≥50 vs. <50 0.212 0.021* 0.052 0.019*

EOD

Yes vs. no/unknown 0.298 0.027* 0.627 0.464

T classification

T4 vs. T1–3 0.005* 0.006* 0.005* 0.004*

N classification

N1 vs. N0 0.020* 0.323 0.006* 0.614

M classification

M1 vs. M0 0.034* 0.165 0.029* 0.782

Grade

Grade III–IV vs. I–II <0.001* 0.995 0.001* 0.951

Subtype

Keratinizing/LCN/SC/MI vs. NOS 0.443 0.163 0.632 0.848

Surgery treatment

Surgery only vs. no/unknown 0.002* 0.001* 0.015* 0.012*

Surgery + radiation vs. no/unknown 0.011* <0.001* 0.031* 0.010*

Chemotherapy

Yes vs. no/unknown 0.030* 0.658 0.001* 0.063

*, P<0.05. OS, overall survival; DSS, disease-specific survival; EOD, extent of disease; LCN, large cell, nonkeratinizing; SC, spindle cell; 
MI, micro-invasive; NOS, not otherwise specified.

Supplementary
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Table S3 Multivariable Cox proportional hazards analysis for DSS stratified by the subgroups of age

Characteristics
DSS (age <70) DSS (age ≥70)

HR (95% CI) P value HR (95% CI) P value

Tumor size

≥50 vs. <50 1.244 (0.385–2.711) 0.088 1.958 (1.104–5.325) 0.049*

T classification

T4 vs. T1–3 1.622 (0.713–2.999) 0.055 2.312 (0.911–4.727) 0.070

N classification

N1 vs. N0 2.048 (1.306–4.217) 0.011* 1.021 (0.403–2.228) 0.066

Surgery treatment

Surgery only vs. no/unknown 0.474 (0.141–0.623) 0.006* 0.504 (0.177–0.993) 0.001*

Surgery + radiation vs. no/unknown 0.355 (0.241–0.715) <0.001* 0.611 (0.323–1.025) 0.002*

Chemotherapy

Yes vs. no/unknown 0.563 (0.218–0.905) 0.010* 0.520 (0.298–1.834) 0.053

*, P<0.05. DSS, disease-specific survival; HR, hazard ratio; CI, confidence interval.

Table S4 Univariate Cox proportional hazards analysis stratified by the subgroups of EOD

Characteristics
Univariate log-rank P value

OS (EOD) OS (no EOD) DSS (EOD) DSS (no EOD)

Gender

Female vs. male 0.965 0.884 0.965 0.685

Age (years old)

≥70 vs. <70 0.050* 0.017* 0.050* 0.042*

EOD

Yes vs. no/unknown 0.640 0.892 0.640 0.055

Grade

Grade III–IV vs. I–II 0.531 0.979 0.531 0.586

Subtype

Keratinizing/LCN/SC/MI vs. NOS 0.616 0.010* 0.616 0.001*

Surgery treatment

Surgery only vs. no/unknown 0.754 0.034* 0.754 0.011*

Surgery + radiation vs. no/unknown 0.872 0.045* 0.872 0.016*

Chemotherapy

Yes vs. no/unknown 0.793 0.756 0.793 0.212

*, P<0.05. EOD, extent of disease; OS, overall survival; DSS, disease-specific survival; LCN, large cell, nonkeratinizing; SC, spindle cell; 
MI, micro-invasive; NOS, not otherwise specified.
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Table S6 Kaplan-Meier survival analysis stratified by the subgroups of surgery treatment

Characteristics
Univariate log-rank P value

OS (SR vs. NS) DSS (SR vs. NS) OS (SR vs. SO) DSS (SR vs. SO) OS (SO vs. NS) DSS (SO vs. NS)

EOD

No 0.003* 0.002* 0.424 0.527 0.107 0.095

Yes 0.244 0.417 0.464 0.384 0.730 0.813

Age

<70 years old 0.024* 0.023* 0.087 0.071 0.002* 0.001*

≥70 years old <0.001* <0.001* 0.008* 0.005* 0.035* 0.004*

T classification

T1–T3 0.001* 0.001* 0.497 0.502 0.016* 0.012*

T4 0.005* <0.001* 0.019* 0.007* 0.703 0.693

N classification

N0 0.017* 0.008* 0.148 0.052 0.193 0.202

N1 0.001* 0.001* 0.022* 0.012* 0.951 0.872

*, P<0.05. OS, overall survival; DSS, disease-specific survival; EOD, extent of disease; SR, surgery with radiation; SO, surgery only; NS, no 
surgery.

Table S5 Multivariable Cox proportional hazards analysis stratified by the subgroups of no EOD

Characteristics
OS (no EOD) DSS (no EOD)

HR (95% CI) P value HR (95% CI) P value

Age (years old)

≥70 vs. <70 2.296 (1.302–4.047) 0.058 1.361 (0.813–3.741) 0.055

Subtype

Keratinizing/LCN/SC/MI vs. NOS 2.024 (0.977–4.193) 0.004* 2.988 (1.788–6.017) 0.007*

Surgery treatment

Surgery only vs. no/unknown 0.527 (0.241–0.855) 0.021* 0.708 (0.326–0.970) 0.014*

Surgery + radiation vs. no/unknown 0.535 (0.378–0.756) <0.001* 0.702 (0.446–0.989) <0.001*

*, P<0.05. EOD, extent of disease; OS, overall survival; DSS, disease-specific survival; HR, hazard ratio; CI, confidence interval; LCN, large 
cell, nonkeratinizing; SC, spindle cell; MI, micro-invasive; NOS, not otherwise specified.
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