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Background: Laryngeal carcinoma is one of the most common types of head and neck tumors. The 
mortality rate in patients with laryngeal cancer has not declined in recent years. Previous studies have shown 
that laryngeal cancer mortality is related to the extent of laryngeal cancer, the proportion of lymph node 
metastases, treatment modalities, and postoperative lifestyle habits. Thus, early identifying patients at high 
risk of laryngeal cancer-specific death is of great clinical importance. However, in the presence of competing 
risk, the existing survival models based on Cox proportional hazards model may be biased in estimating 
tumor-specific mortality. In this study, we developed and validated a nomogram based on competitive risk 
analysis for patients with laryngeal cancer.
Methods: We used SEER*Stat (Version 4.6.1) software to identify patients in the Surveillance, 
Epidemiology, and End Results (SEER) database who were diagnosed with laryngeal cancer between  
2000 and 2019 as study subjects. The collected data included demographic data, the primary site of 
laryngeal cancer, the histological type of tumor, tumor size, and other variables. After excluding cases with 
missing information, the entire cohort was randomly split into a training cohort and a validation cohort at a  
7:3 ratio. The training cohort was used in building the model while the validation cohort was used to validate 
the model. Univariate and multivariate Fine&Gray regression analyses were used to screen statistically 
significant variables, and the model performance was measured by establishing a consistency index, receiver 
operating characteristic curve (ROC), and calibration curves.
Results: After excluding cases with missing information, 3,805 patients (2,264 in the training cohort and 
1,141 in the validation cohort) were included in the study and followed for a median of 16 months. A total 
of 411 died of laryngeal cancer, and 2,104 patients died from other causes. Among 3,805 patients, the vast 
majority was male (80.9%), and Caucasian (77.2%), and aged 60–80 years old (58.4%). 
Conclusions: Advanced age and keratinized SCC are risk factors for laryngeal cancer-specific death. These 
high-risk patients should be given more attention and closer monitoring in clinical practice.
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Introduction

Head and neck tumors, which are mainly located in the 
mouth, pharynx, larynx, sinuses, nasal cavity, and salivary 
glands, are currently among the top 10 tumors in the 
world (1). Laryngeal carcinoma is one of the most common 
types of head and neck tumors (2). The main histological 
manifestation of laryngeal carcinoma is squamous cell 
carcinoma (SCC), which accounts for >95% of laryngeal 
cancers (3,4). The most common manifestations of 
laryngeal cancer are a sore throat, hoarseness, dysphagia, 
a laryngeal mass, and dyspnea (5). The pathogenesis of 
laryngeal cancer is relatively complex and related to many 
risk factors. Previous studies have shown that smoking 
and drinking are the main risk factors for laryngeal cancer, 
and the coordinated effect of the 2 factors is more than 
the risk of any single factor (3,6-8). For example, in South 
America, >60% of throat cancer patients are associated 
with smoking and drinking habits (6,9,10). In addition, 
recent studies have detected human papillomavirus (HPV) 
infection in approximately 20–30% of laryngeal cancer 
patients and may be associated with survival in laryngeal 
cancer patients (11-13).

Studies have also shown that laryngeal cancer is more 
common in men than women (7). One study estimated that 
by 2016, the incidence of laryngeal cancer would be 5.8 per 
100,000 in males, and 1.2 cases per 100,000 in females (14).  
In addition, racial differences in laryngeal cancer are also 

very obvious; for example, African Americans appear 
to be of a younger age and have higher morbidity and 
mortality than whites (7). In recent decades, studies have 
shown that the mortality rate of laryngeal cancer has not 
decreased significantly worldwide, but the 5-year survival 
rate has decreased from 66% to 63% (7). However, the 
reasons for the decline in the survival rate remain unclear. 
In a retrospective study by Fujii et al. (15), it was found 
that the death rate of laryngeal cancer was correlated 
with the number of metastatic lymph nodes, but not with 
the primary tumor. In Dr. Roberto Padier’s study (16), a 
median human univariate analysis showed that the extent 
of laryngeal cancer, lymph node involvement, stage, and 
previous organostomy were associated with mortality in 
laryngeal cancer patients. Thus, more evidence is needed 
to evaluate both the short-term prognosis and survival rate 
of patients and to improve the long-term quality of life of 
laryngeal cancer patients, human life and health, social value 
and scientific developments.

At present, most tumor prognostic studies use the 
traditional Cox proportional hazards model. This model 
selects the survival events related to the study objectives 
through the analysis of univariate and multivariate Cox 
proportional models, and designs and constructs confidence 
intervals (CIs). However, when competing risks exist, 
traditional Cox regression models are not quite appropriate, 
as in such models, the competing events are deleted (17), 
which leads to the mortality rate for a given cancer being 
overestimated. For disease mortality prediction, cancer 
events and non-cancer events that lead to a patient’s 
eventual death should be distinguished. Competing hazards 
models (e.g., the Fine-Gray proportional hazards model) 
handles the relationship between cancer outcomes and 
competing events well. However, presently, there is no 
short-term competing risk model for laryngeal cancer 
patients.

Additionally, at each stage of disease progression or 
treatment, the quality of life of each patient is affected 
differently, including each patient’s psychology, happiness 
index, family harmony, and social identity. At present, 
there is still a lack of evidence on the short-term survival 
prediction of laryngeal cancer. This study screened 
univariate and multivariate factors to evaluate the risk 
factors related to the short-term death of laryngeal cancer 
patients to establish a competitive risk model for the death 
risk of laryngeal cancer patients that can be used to better 
evaluate the specific death risk and prognosis of patients. 
We present the following article in accordance with the 

Highlight box

Key findings
•	 Laryngeal cancer patients whose primary site is the posterior 

pharyngeal wall and the piriform crypt have high short-term 
mortality rates.

What is known and what is new? 
•	 The mortality of laryngeal cancer patients with keratinized 

squamous cell carcinoma (SCC) was higher than that of those with 
non-keratinized SCC.

•	 Patients with laryngeal cancer whose primary site was the posterior 
pharyngeal wall and the piriform crypt had high short-term 
mortality rates.

What is the implication, and what should change now?
•	 We used data from the SEER database to establish a competitive 

risk model to predict the short-term survival rates of laryngeal 
cancer patients. Compared to traditional risk prediction models, 
this model of specific death outcomes is more suitable for 
predicting disease-specific deaths.
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TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-23-400/rc).

Methods

Data sources and study population

The data for this study were obtained from the Surveillance, 
Epidemiology and Final Results (SEER) database 
(https://seer.cancer.gov/). This public database, which 
was established in 1974, includes data on patients’ race, 
age, treatment method, final cause of death, and survival 
time (18). The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). In this 
study, we extracted data using SEER*stat (Version 4.6.1) 
software. We selected a dataset submitted in 2021 from 
the SEER database: “Incidence - SEER Research Plus 
Data, 17 Registries, Noy 2021 Sub (2000-2019)”. Later, 
we screened out patients whose primary tumor site was in 
the larynx by the variable—“Primary Site” in the SEER 
database. Patients were excluded if they had missing data 
for 1 or more variants, and patients with follow-up times 
of less than one month were excluded. The data collected 
for the laryngeal cancer patients included data on race, the 
laryngeal cancer primary site, the tumor histological type, 
the tumor size, the tumor number, the clinical T, N, M 
neoplasm staging classification for the tumor, lymph node 
involvement, treatment, including surgery, chemotherapy, 
and radiation therapy, the laryngeal cancer metastasis organ, 
survival time, the final cause of death, and family income.

After screening 3,805 laryngeal cancer patients, the 
patients were divided into groups based on a number of 
indicators. The patients were divided into the following 
3 groups based on age: the <60-year-old group, the 
60–80-year-old group, and the >80-year-old group. The 
patients were also divided into the following groups based 
on the histological type: the laryngeal carcinoma group, 
the SCC group, the keratinized SCC group, the non-
keratinized SCC group, and the other histological types 
group. The patients were further divided into the following 
groups according to the primary site of laryngeal cancer: the 
piriform vaginal fossa group, the posterior hypopharyngeal 
wall group, the Aryepiglottic fold group, and the other 
primary sites group. In addition, the patients were divided 
into the following 3 groups according to the size of the 
tumor tissue: the >6-cm group, the 3–6-cm group, and the 
<3-cm group. These groups were established to explore the 
effect of each subtype of variable on the short-term survival 

rates of patients with laryngeal cancer.

Statistical analyses (competitive survival risk regression 
model)

The entire cohort was randomly split into a training 
cohort and a validation cohort at a 7:3 ratio. The training 
cohort was used in building the model while the validation 
cohort was used to validate the model. The demographic 
and clinical characteristics of the patients were depicted 
descriptively for the whole group, and separately for the 
training cohort and validation cohort. Chi-square tests 
were used to compare the categorical variables, and t-tests 
or rank-sum tests were used to compare the continuous 
variables. The follow-up time was defined as the time 
from laryngeal cancer diagnosis to death or the follow-
up deadline. Consider non-laryngeal cancer death as 
a competing risk event. Within the training cohort, to 
evaluate the effect of various factors on the specific survival 
rates of patients with laryngeal cancer, we conducted 
univariate and multivariate Fine&Grey analyses for each 
variable using the risk Regression package in R software and 
determined the HR values and 95% CIs. The statistically 
significant variables were selected and included in the final 
competitive risk model, and the nomogram was drawn 
with the rms package. Receiver operating characteristic 
(ROC) and calibration curves were drawn to validate 
the Fine&Grey competing risk model. All the statistical 
analyses were performed using R 4.2.1. A 2-sided P value 
<0.05 was considered statistically significant.

Results

We first included 10,564 laryngeal cancer patients from the 
SEER database, excluded laryngeal cancer patients with 
missing data (n=6,163), and laryngeal cancer patients with 
follow-up times of less than one month (n=596). ultimately, 
3,805 patients (2,264 in the training set and 1,141 in the 
validation set) were included in the analysis. Among all the 
patients, a total of 411 died of laryngeal cancer, among whom 
288 were in the training set and 123 were in the validation 
set. In total, 1,290 patients survived, and 2,104 patients died 
of non-laryngeal cancer-specific deaths. More specifically, 903 
and 387 patients survived, and 1,473 and 631 died of non-
laryngeal cancer-specific deaths in the training and validation 
sets, respectively. The median survival time of all laryngeal 
cancer patients included in the study was 16 months, the 
median survival time of the laryngeal cancer patients in the 

https://atm.amegroups.com/article/view/10.21037/atm-23-400/rc
https://atm.amegroups.com/article/view/10.21037/atm-23-400/rc
https://seer.cancer.gov/
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training set was 16 months, and the median survival time 
of the laryngeal cancer patients in the validation set was  
18 months.

By analyzing the data of the laryngeal cancer patients 
included in the study, we found that among the total number 
of patients, the majority of patients with laryngeal cancer 
were aged 60–80 years. We also found that the primary 
tumor location for 47% of the total number of patients 
was Wneoplasm staging. In the training set and validation 
set, 47% and 47.2% of the patients had a primary site of 
pyriform sinus (PS), respectively. In terms of the histological 
type, 70.4% of the total number of patients had SCC, 
among whom, 16.8% had keratinized SCC and 5.4% had 
non-keratinized SCC. More specifically, in the training set 
16.5% of the patients had keratinized SCC and 5.5% had 
non-keratinized SCC, while in the validation set, 17.6% 

had keratinized SCC and 5.3% had non-keratinized SCC. 
In relation to tumor tissue size, we found that the >6-cm 
group comprised the most patients, and the <3-cm group 
comprised the fewest patients. In the total population,  
2,770 patients had tumor tissue >6 cm in size, 554 patients 
had tumor tissue between 3–6 cm in size, and 481 patients 
had tumor tissue <3 cm in size. More specifically, the 
tumor tissue size of 1,934 patients in the training set and  
836 patients in the validation set was >6 cm. The tumor 
size of 396 patients in the training set and 158 patients in 
the verification set was between 3-6 cm, and the tumor size 
of 334 patients in the training set and 147 patients in the 
verification set was less than 3 cm. Somewhat surprisingly, 
50 percent of throat cancer patients earned more than 
$60,000. See Table 1 for details for the other indicators.

Before constructing the nomogram, we determined 

Table 1 The characteristics of the patients

Characteristics Overall (n=3,805) Testing data set (n=1,141) Training data set (n=2,664) P

Status (%) 1

0 1,290 (33.9) 387 (33.9) 903 (33.9)

1 411 (10.8) 123 (10.8) 288 (10.8)

2 2,104 (55.3) 631 (55.3) 1,473 (55.3)

Time (months), [median (IQR)] 16.00 (6.00, 42.00) 18.00 (7.00, 42.00) 16.00 (6.00, 42.00) 0.033

Sex, male (%) 3,079 (80.9) 917 (80.4) 2,162 (81.2) 0.602

Race (%) 0.822

Asian 274 (7.2) 84 (7.4) 190 (7.1)

Black 542 (14.2) 163 (14.3) 379 (14.2)

Other 50 (1.3) 12 (1.1) 38 (1.4)

White 2,939 (77.2) 882 (77.3) 2,057 (77.2)

Primary site (%) 0.44

AF 286 (7.5) 80 (7.0) 206 (7.7)

Other 1,444 (38.0) 447 (39.2) 997 (37.4)

PS 1,790 (47.0) 538 (47.2) 1,252 (47.0)

PWH 285 (7.5) 76 (6.7) 209 (7.8)

Grade (%) 0.36

Grade I 148 (3.9) 48 (4.2) 100 (3.8)

Grade II 1,498 (39.4) 460 (40.3) 1,038 (39.0)

Grade III 1,147 (30.1) 355 (31.1) 792 (29.7)

Grade IV 32 (0.8) 9 (0.8) 23 (0.9)

Unknown 980 (25.8) 269 (23.6) 711 (26.7)

Table 1 (continued)
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Table 1 (continued)

Characteristics Overall (n=3,805) Testing data set (n=1,141) Training data set (n=2,664) P

Behavior (%) 0.866

Other 278 (7.3) 84 (7.4) 194 (7.3)

SCC 2,679 (70.4) 795 (69.7) 1,884 (70.7)

SCC, keratinizing 641 (16.8) 201 (17.6) 440 (16.5)

SCC, non-keratinizing 207 (5.4) 61 (5.3) 146 (5.5)

Summary stage (%) 0.236

Distant 1,329 (34.9) 376 (33.0) 953 (35.8)

Localized 667 (17.5) 203 (17.8) 464 (17.4)

Regional 1,809 (47.5) 562 (49.3) 1,247 (46.8)

Stage group (%) 0.229

I 143 (3.8) 48 (4.2) 95 (3.6)

II 330 (8.7) 83 (7.3) 247 (9.3)

III 548 (14.4) 175 (15.3) 373 (14.0)

IV 1,998 (52.5) 596 (52.2) 1,402 (52.6)

Unknown 786 (20.7) 239 (20.9) 547 (20.5)

T* staging (%) 0.122

T0/T1 308 (8.1) 100 (8.8) 208 (7.8)

T2 1,021 (26.8) 283 (24.8) 738 (27.7)

T3 735 (19.3) 242 (21.2) 493 (18.5)

T4 867 (22.8) 249 (21.8) 618 (23.2)

TX 257 (6.8) 86 (7.5) 171 (6.4)

Unknown 617 (16.2) 181 (15.9) 436 (16.4)

N staging (%) 0.963

N0 988 (26.0) 304 (26.6) 684 (25.7)

N1 566 (14.9) 164 (14.4) 402 (15.1)

N2 1,430 (37.6) 429 (37.6) 1,001 (37.6)

N3 156 (4.1) 46 (4.0) 110 (4.1)

NX 665 (17.5) 198 (17.4) 467 (17.5)

Nodes, removed, yes (%) 640 (16.8) 206 (18.1) 434 (16.3) 0.199

Surg rad seq (%) 0.375

1 61 (1.6) 23 (2.0) 38 (1.4)

2 830 (21.8) 242 (21.2) 588 (22.1)

3 2,900 (76.2) 870 (76.2) 2,030 (76.2)

Other 14 (0.4) 6 (0.5) 8 (0.3)

Surgery, yes (%) 854 (22.4) 268 (23.5) 586 (22.0) 0.333

Radiation, yes (%) 2,871 (75.5) 863 (75.6) 2,008 (75.4) 0.897

Chemotherapy, yes (%) 2,311 (60.7) 716 (62.8) 1,595 (59.9) 0.103

Systemic, therapy, yes (%) 775 (20.4) 234 (20.5) 541 (20.3) 0.923

Table 1 (continued)
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Table 1 (continued)

Characteristics Overall (n=3,805) Testing data set (n=1,141) Training data set (n=2,664) P

Months, treatment (%) 0.145

<3 3,108 (81.7) 952 (83.4) 2,156 (80.9)

>3 316 (8.3) 90 (7.9) 226 (8.5)

Unknown 381 (10.0) 99 (8.7) 282 (10.6)

Nodes, positive, yes (%) 2,686 (70.6) 798 (69.9) 1,888 (70.9) 0.59

Size (%) 0.707

<3 481 (12.6) 147 (12.9) 334 (12.5)

>6 2,770 (72.8) 836 (73.3) 1,934 (72.6)

3–6 554 (14.6) 158 (13.8) 396 (14.9)

Bone metastasis, yes (%) 75 (2.0) 19 (1.7) 56 (2.1) 0.447

Liver metastasis (%) 0.159

No 3,755 (98.7) 1,129 (98.9) 2,626 (98.6)

Yes 49 (1.3) 11 (1.0) 38 (1.4)

Unknown 1 (0.0) 1 (0.1) 0 (0.0)

Lung metastasis (%) 0.918

No 3,613 (95.0) 1,085 (95.1) 2,528 (94.9)

Unknown 12 (0.3) 3 (0.3) 9 (0.3)

Yes 180 (4.7) 53 (4.6) 127 (4.8)

Node metastasis (%) 0.933

No 1,161 (30.5) 344 (30.1) 817 (30.7)

Unknown 2,606 (68.5) 785 (68.8) 1,821 (68.4)

Yes 38 (1.0) 12 (1.1) 26 (1.0)

Primary, yes (%) 2,725 (71.6) 809 (70.9) 1,916 (71.9) 0.549

Number of malignant, >3 (%) 127 (3.3) 50 (4.4) 77 (2.9) 0.025

Age, years (%) 0.839

<60 1,152 (30.3) 353 (30.9) 799 (30.0)

>80 429 (11.3) 130 (11.4) 299 (11.2)

60–80 2,223 (58.4) 658 (57.7) 1,565 (58.7)

Unknown 1 (0.0) 0 (0.0) 1 (0.0)

Marital status (%) 0.752

Divorced 518 (13.6) 142 (12.4) 376 (14.1)

Married 1,710 (44.9) 529 (46.4) 1,181 (44.3)

Other 219 (5.8) 63 (5.5) 156 (5.9)

Separated 56 (1.5) 16 (1.4) 40 (1.5)

Single 915 (24.0) 277 (24.3) 638 (23.9)

Widowed 387 (10.2) 114 (10.0) 273 (10.2)

Income (%) 0.707

<$40,000 252 (6.6) 75 (6.6) 177 (6.6)

>$60,000 2,428 (63.8) 739 (64.8) 1,689 (63.4)

$40,000–$60,000 1,125 (29.6) 327 (28.7) 798 (30.0)

*, TNM staging, TNM groups by 7th edition of the American Joint Committee on Cancer Classifications. AF, aryepiglottic fold; PS, pyriform 
sinus; PWH, posterior wall of hypopharynx; SCC, sequamous-cell carcinoma.
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the HR value of each variable and its 95% CI. The 
multivariate analysis revealed that patients aged >80 years 
had the highest risk of exposure (HR =1.86, CI: 1.28–2.7). 
Compared to non-keratinized SCC (HR =0.92, CI: 0.4–
2.16), keratinized SCC (HR =1.8, CI: 0.98–3.3) had a higher 
risk of exposure in terms of laryngeal cancer histological 
types. Patients with a primary tumor site in the piriform 
fossa (HR =1.79, CI: 0.96–3.33) and posterior pharyngeal 
wall (HR =1.8, CI: 0.87–3.75) had a slightly higher risk of 
death than other primary tumor site, but the difference 
was not significant. Patients with a tumor size of 3–6 cm 

(HR =2.3, CI: 1.37–3.87) had a significantly increased risk 
of death than patients with a tumor size >6 cm (HR =1.54, 
CI: 0.96–2.45). In addition, the univariate analysis showed 
that in patients with laryngeal cancer, the risk coefficient of 
patients with liver metastasis (HR =1.89, CI: 1.89–4.03) was 
higher than that of patients with lung metastasis (HR =1.59, 
CI: 1.59–2.52). N stage N2 (HR =1.84, CI: 1.84–2.52), 
and Grade III (HR =0.89, CI: 0.89–1.58) had the highest 
mortality risk coefficients in other stages and grades see 
Table 2 for details for the other indicators.

The areas under the ROC curve (AUC) were 0.702 

Table 2 The results of the feature selection in the competing risk model

Levels Factor
Univariate analysis Multivariate analysis

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

Age >80 years Age 1.79 (1.79–2.6) 0.0020 1.86 (1.28–2.7) 0.0012 

Age 60–80 years Age 1.22 (1.22–1.61) 0.1400 1.18 (0.9–1.55) 0.2400 

Age unknown Age 24.59 (24.59–31.57) 0.0000 20.31 (12.78–32.26) 0.0000 

Behavior SCC Behavior 1.77 (1.77–3.09) 0.0440 1.76 (1.01–3.07) 0.0470 

Behavior SCC, keratinizing Behavior 1.75 (1.75–3.21) 0.0730 1.8 (0.98–3.3) 0.0570 

Behavior SCC, non-keratinizing Behavior 0.93 (0.93–2.16) 0.8600 0.92 (0.4–2.16) 0.8600 

Bone metastasis: yes Bone metastasis 3.26 (3.26–5.52) 0.0000 3.35 (1.94–5.79) 0.0000 

Chemotherapy: yes Chemotherapy 1 (1–1.26) 0.9700 

Grade: Grade II Grade 0.88 (0.88–1.55) 0.6500 

Grade: Grade III Grade 0.89 (0.89–1.58) 0.6800 

Grade: Grade IV Grade 0.31 (0.31–2.43) 0.2700 

Grade: unknown Grade 0.72 (0.72–1.31) 0.2900 

Income > $60,000 Income 1.01 (1.01–1.6) 0.9700 

Income $40,000–$60,000 Income 0.92 (0.92–1.5) 0.7300 

Liver metastasis: yes Liver metastasis 1.89 (1.89–4.03) 0.0980 

Lung metastasis: unknown Lung metastasis 1.15 (1.15–8.46) 0.8900 

Lung metastasis: yes Lung metastasis 1.59 (1.59–2.52) 0.0510 

Marital status: married Marital status 0.93 (0.93–1.31) 0.6800 

Marital status: other Marital status 0.54 (0.54–1.08) 0.0810 

Marital status: separated Marital status 0.65 (0.65–2.14) 0.4800 

Marital status: single Marital status 0.96 (0.96–1.41) 0.8500 

Marital status: widowed Marital status 1.3 (1.3–2.01) 0.2400 

Months treatment: >3 Months treatment 0.83 (0.83–1.3) 0.4100 

Months treatment: unknown Months treatment 1.1 (1.1–1.59) 0.6200 

Nodes metastasis: unknown Nodes metastasis 0.77 (0.77–0.99) 0.0440 

Table 2 (continued)
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Table 2 (continued)

Levels Factor
Univariate analysis Multivariate analysis

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

Nodes metastasis: yes Nodes metastasis 0.77 (0.77–3.18) 0.7200 

Nodes positive: yes Nodes positive 1.57 (1.57–2.07) 0.0017 

Nodes removed: yes Nodes removed 0.79 (0.79–1.11) 0.1700 

N* staging: N1 N stage 1.57 (1.57–2.32) 0.0220 

N* staging: N2 N stage 1.84 (1.84–2.52) 0.0001 

N* staging: N3 N stage 1.61 (1.61–2.96) 0.1200 

N* staging: NX N stage 1.68 (1.68–2.56) 0.0150 

Number of malignant: >3 Number of malignant 0.23 (0.23–0.93) 0.0390 

Primary site: other Primary site 2.54 (2.54–4.71) 0.0030 2.34 (1.25–4.38) 0.0078 

Primary site: PS Primary site 1.97 (1.97–3.64) 0.0310 1.79 (0.96–3.33) 0.0680 

Primary site: PWH Primary site 1.96 (1.96–4.06) 0.0710 1.8 (0.87–3.75) 0.1200 

Primary: yes Primary 1.27 (1.27–1.66) 0.0910 

Race: black Race 0.5 (0.5–0.83) 0.0080 0.56 (0.33–0.95) 0.0330 

Race: other Race 0.71 (0.71–2.08) 0.5400 0.87 (0.29–2.59) 0.8000 

Race: white Race 0.71 (0.71–1.04) 0.0780 0.78 (0.52–1.17) 0.2200 

Radiation: yes Radiation 0.9 (0.9–1.18) 0.4500 

Sex: male Sex 0.93 (0.93–1.24) 0.6200 

Size: >6 cm Size 1.51 (1.51–2.42) 0.0820 1.54 (0.96–2.45) 0.0720 

Size: 3–6 cm Size 2.39 (2.39–4.03) 0.0011 2.3 (1.37–3.87) 0.0017 

Stage group II Stage group II 0.91 (0.91–2.35) 0.8500 

Stage group III Stage group III 1.64 (1.64–3.84) 0.2500 

Stage group IV Stage group IV 2.31 (2.31–5.14) 0.0400 

Stage group II: unknown Stage group II 1.89 (1.89–4.38) 0.1400 

Summary stage: localized Summary stage 0.41 (0.41–0.63) 0.0000 

Summary stage: regional Summary stage 0.79 (0.79–1.01) 0.0600 

Surgery radiation sequence: 2 Radiation after surgery 0.83 (0.83–2.02) 0.6900 

Surgery radiation sequence: 3 No radiation 0.79 (0.79–1.88) 0.6000 

Surgery radiation sequence: other Other 0.85 (0.85–6.89) 0.8800 

Surgery: yes Surgery 0.82 (0.82–1.1) 0.1900 

Systemic therapy: yes Systemic therapy 1.12 (1.12–1.48) 0.4000 

T* staging: T2 T stage 1.57 (1.57–2.76) 0.1200 

T* staging: T3 T stage 1.92 (1.92–3.41) 0.0270 

T* staging: T4 T stage 2.36 (2.36–4.12) 0.0025 

T* staging: TX T stage 1.14 (1.14–2.42) 0.7300 

T* staging: unknown T stage 2.02 (2.02–3.74) 0.0250 

*, TNM staging, TNM groups by 7th edition of the American Joint Committee on Cancer Classifications. SCC, sequamous-cell carcinoma; 
PS, pyriform sinus; PWH, posterior wall of hypopharynx.
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and 0.695 for the training cohort and 0.737 and 0.644 for 
the validation cohort at 6 and 12 months, respectively. 
The AUC of the ROC model was > or around 0.7, 
indicating good predictive performance in this study, and 
the calibration curve showed good homogeneity without 
overestimation and underestimation risks. The ROC model 
and calibration curve showed that there was no significant 
difference between the variables in the training set and 
the validation set, and thus the sets were comparable. See 
Figures 1,2 for further details.

In the Fine&Gray analysis, according to the established 
nomogram, we found that patients aged >80 years, patients 
with keratinized SCC, patients with primary tumor in PS, 
and patients with a tumor size of 3–6 cm were at a higher 
risk of death in the short-term, which is consistent with 
the above description. Using the nomogram, we could 
roughly predict the short-term specific mortality of patients 
with laryngeal cancer based on an accumulation of the risk 

factors. See Figure 3 for details.

Discussion

Pathological types and short-term survival of laryngeal 
carcinoma patients

Laryngeal carcinoma is a common head and neck tumor, 
and SCC, including traditional keratinized SCC, non-
keratinized SCC, laryngeal basal SCC, verrucous SCC, 
papillary SCC, and spinous SCC, accounts for about 95% 
of all laryngeal carcinomas (the histological classification 
of SCC is based on the World Health Organization’s 
classification of laryngeal carcinoma) (19,20).

In our nomogram, the short-term survival rate of non- 
keratinized SCC was higher than that of keratinized SCC, 
which is consistent with previous studies that have shown that 
the mortality rate of keratinized SCC was higher than that of 
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Figure 1 ROC curve prediction of the 6- and 12-month survival rates of laryngeal cancer. (A) ROC curve prediction for the training set; (B) 
ROC curve prediction for the validation set. AUC, area under the curve; ROC, receiver operating characteristic.

Figure 2 Calibration curve prediction of the 6- and 12-month survival rates of laryngeal cancer. (A) Calibration curve prediction for the 
training set; (B) calibration curve prediction for the validation set.
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non-keratinized SCC. Previous studies and the continuous 
improvement of research techniques have confirmed that 
the laryngeal carcinoma is mainly associated with smoking 
and alcohol consumption over a long period (21). The 
study found that excessive smoking and drinking was closely 
related to keratinized SCC, such as verrucous squamous cell 
carcinoma (VSCC) (22). 

In the past few decades, research has indicated that 
HPV is a risk factor of laryngeal cancer and is mainly 
related to keratinized SCC (23,24). Non-keratinized SCC 
has not been found to be associated with smoking and 
alcohol abuse (25). The cytological morphology of these 
non-keratinized SCC is usually blurred cell (oval and 
spindle-shaped basal cell) boundaries, and the tumor cells 
are mitotically active with numerous mitosis and apoptosis 
(26,27). This type of non-keratinized SCC is mainly 
associated with high-risk HPV16, 18 (21).

High-risk HPV oncoproteins may result in the hydrolysis 
of transcription factor p53 (P53) (28), which in turn may 
interfere with the function of P53 and Retinoblastoma 
gene (RB), a transcriptional cofactor. P53 and RB control 
many transcription-related genes mainly through p53-021-
Rb. The impaired function of P53 and RB is a core step in 
the occurrence of cancer, and their impaired function will 

affect the normal life cycle of cells, inhibit cell apoptosis, 
promote cell immortalization, and cause cell malignant 
transformation (29-32). This type of HPV-associated 
laryngeal cancer is present in both non-keratinized SCC, 
and less common SCC types. Kasperbauer et al. (33) 
suggested that verrucous SCC might be associated with 
HPV, and Crissman et al. (34) suggested that papillary SCC 
was associated with HPV (21). It is thought that this HPV-
associated non-keratinized SCC of the throat and the rarer 
HPV-associated SCC are more sensitive to chemotherapy 
and radiotherapy, and the prognosis of these types is 
significantly better than that of traditional, more typical 
keratinized SCC (35). There was no detailed classification 
of diagonalized SCC and non-keratinized SCC in our 
nomogram, which may be the reason why the short-term 
survival rate of the non-keratinized SCC patients was higher 
than that of the keratinized SCC patients in our nomogram.

Primary location, metastasis, and short-term survival of 
laryngeal carcinoma patients

Laryngeal cancer is divided into supraglottic laryngeal 
cancer, glottic laryngeal cancer, and sub-hilar laryngeal 
cancer according to the location of onset. The laryngeal 

Figure 3 Nomogram of different factors. SCC, squamous cell carcinoma; PS, pyriform sinus; AF, aryepiglottic ford; PWH, posterior wall of 
hypopharynx.
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cancer glottis area is relatively frequent. Subglottic and 
supraglottic laryngeal carcinoma have local invasion and 
distant metastasis due to the abundant lymphatic system 
and blood source system in their anatomical locations. 
Supraglotic laryngeal carcinoma and Subglottic laryngeal 
carcinoma are often detected late because the initial 
symptom is dysphagia. Previous study has reported that 
the recurrence rate of glottic type in laryngeal cancer after 
2 years is 4%, the Supraglottic recurrence rate is 16%, 
and the subglottic recurrence rate is 11% (36). The first 
symptoms from the above and the chance of recurrence.

We note that the prognosis of supraglottic and subglottic 
laryngeal cancer is worse than that of glottic laryngeal 
cancer. In the SEER-based data used in this study, most 
laryngeal cancers occurred in the subglottic area.

We used our nomogram to predict the short-term 
survival risks for the main types of laryngeal cancer. In our 
analysis, the stage of laryngeal cancer was not significant 
and thus was not included in the competing risk model. 
However, in relation to the type, we found that the short-
term mortality risk of laryngeal cancer originating in the 
posterior pharyngeal wall was higher than that of laryngeal 
cancer originating in the piriform crypt, but the difference 
between the 2 was not significant. In addition, the 
occurrence of multiple organ metastases, such as liver, bone, 
lung, and brain metastases, in laryngeal cancer patients 
was closely related to the prognosis and survival rates of 
patients. Among them, liver (45%) and bone metastases 
(25%) have been reported to be common (37).

Incidence of laryngeal cancer and economic income

In the survival competing risk model, we found that the 
risk of laryngeal cancer was correlated with the income 
of patients, and most laryngeal cancers occurred in the 
high-income population. This may be related to current 
social factors. For example, because of the increase of work 
pressure and the improvement and enrichment of material 
conditions, more of these patients choose to smoke and 
drink to relieve stress (38-40). However, the data reported 
up to 2016 revealed that there has been a significant 
decrease in the prevalence of laryngeal cancer in high-risk 
countries in Northern Europe (1) due to a decline in the 
smoking rates and amendments to national tobacco control 
policies. Additionally, a diet high in red meat has been 
linked to throat cancer (7), which may also be related to 
economics.

This study had a number of strengths. First of all, the 

sample size of previous studies on the mortality rate of 
patients with laryngeal cancer was relatively small. For 
example, in the study on the survival rate of laryngeal 
cancer conducted by Fujii et al. (15), only 88 patients with 
laryngeal cancer were included, and all underwent laryngeal 
cancer surgery. However, Francis et al.’s study only analyzed 
the survival rate of patients with laryngeal cancer at T4 
stage (16,41). Compared with previous studies, our study 
included more people with a larger sample size and included 
laryngeal cancer patients of different races, ages and 
genders.

Next, common machine learning models such as random 
forest, neural network and support vector machine have 
a “black box” effect, while the graph model is intuitive 
and clear, which is easier to gain the trust of clinicians. 
In addition, we filled a gap in the research on short-term 
specific mortality risks in patients with laryngeal cancer. 
In contrast to traditional Cox models, we developed a 
Fine&Gray model with a specific mortality outcome of 
death from laryngeal cancer, as patients with laryngeal 
cancer have a very high risk of dying of non-laryngeal 
cancer. We excluded death from other causes, such as 
car accidents, other social factors such as cardiovascular 
disease or non-laryngeal cancer, which are more specific 
for predicting short-term survival in patients with laryngeal 
cancer. In addition, our nomogram was better able to 
predict the survival rate of an individual patient with 
multiple risk factors. However, our study still had some 
limitations. First, due to limitations of the data available 
in the SEER database, we did not provide a more detailed 
classification of SCC, and the nomogram did not include 
different treatment methods (e.g., surgery, radiotherapy, 
chemotherapy, and targeted drug therapy). Second, we 
did not examine the combination of tumor grade, stage, 
and different treatments in our short-term survival risk 
predictions and assessments, and we did not examine the 
relationship between the short-term survival rate and 
vocational education, family environment and patient 
suffering. In the future, we intend to develop Fine&Gray 
models to predict laryngeal cancer survival rates in both the 
short and long term.

Conclusions

We developed a competitive risk model based on the SEER 
database for laryngeal cancer patients to predict specific 
mortality. In our competitive risk model, we intuitively 
showed that age, tumor histological type, and primary 
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location were all associated with laryngeal cancer mortality. 
Moreover, this competitive risk model may help doctors 
predict the specific mortality of laryngeal cancer patients 
more intuitively.
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