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Purpose: To analyze the prognostic factors of primary tracheal carcinoma.

Patients and methods: All patients of primary tracheal carcinoma were extracted from 

the Surveillance, Epidemiology, and End Results database during 1973–2015. The potential 

prognostic factors were analyzed by using the competing risk analysis of R statistical software.

Results: A total of 485 eligible patients were enrolled. The univariate analysis indicated 

that age, sex, diagnostic confirmation, extension, lymph node, metastasis, multiple primary 

tumors, primary site surgery, and lymph node dissection were statistically significant for the 

patients’ death due to tracheal tumor. The multivariate analysis indicated that age (P=0.0000, 

CI: 1.0255–1.0630), lymph node (P=0.0000, CI: 1.6031–3.4890), metastasis (P=0.0100, CI: 

1.1342–2.5790), multiple primary tumors (P=0.0000, CI: 0.0276–0.1090), and primary site 

surgery (P=0.0001, CI: 0.3565–0.7110) were independent prognostic factors affecting survival, 

and there were significant differences in the stratification of each prognostic factors.

Conclusion: Age, lymph node, metastasis, multiple primary tumors, and primary site surgery 

were independent prognostic factors of primary tracheal carcinoma.

Keywords: primary tracheal carcinoma, SEER, prognostic factor, competing risk analysis

Introduction
Primary tracheal carcinoma is a rare tumor, accounting for only 0.1%–0.4% of all 

newly diagnosed tumors, with an incidence of 2.6 new cases per 1,000,000 people per 

year.1 The common pathological types are squamous cell carcinoma and adenoid cystic 

carcinoma. Surgery and postoperative adjuvant therapy can significantly prolong the 

survival time.2 But until now, there is a lack of accurate prognostic factors to guide 

clinical practice, which leads to inadequate or excessive treatment.

In the previous studies, prognostic factors were analyzed by the Cox proportional 

hazards model, and the outcome events by this model were classified into two cat-

egories, namely death or censored observation. However, during follow-up, patients 

often died from other causes, such as cardiovascular disease, car accidents, and other 

unexpected events, which lead to the failure to observe the tumor’s final outcome. In 

the Cox proportional hazards model, such patients were treated as censored observation 

or classified as death cases; the death-specific hazard function does not have a direct 

interpretation in terms of survival probability, which led to the wrong evaluation of 

survival. Competing risk3,4 refers to a situation where an individual is exposed to two 

or more causes of failure, and its eventual failure can be attributed exactly to only one. 

In this case, the occurrence of one type of event hinders the occurrence of any other 
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event. In this study, failure events commonly studied are death 

due to tracheal tumor (DTT) and death due to other causes 

(DOC); the competing risk model of R statistical software 

was used to analyze the survival of patients with primary 

tracheal carcinoma, in order to obtain the accurate prognostic 

factors of death caused by tracheal tumor.

Patients and methods
Data source and selection
The data for this analysis were obtained from the Surveil-

lance, Epidemiology, and End Results (SEER) database, a 

publicly available cancer registry maintained by the National 

Cancer Institute. The database we used was the Incidence – 

SEER 18 Regs Research Data + Hurricane Katrina Impacted 

Louisiana Cases, Nov 2017 Sub (1973–2015 varying). The 

end date of follow-up for this version of database was the end 

of 2015. According to ICD-0-3, there were 1,392 cases of 

tracheal tumor. Since no data related to tumor invasion were 

recorded before 2004, cases after 2004 were selected. The 

pathologically confirmed patients with malignant tracheal 

tumors were selected, and the secondary tumors and tumors 

of the lymphatic blood system were excluded. Finally, 485 

cases were selected, as shown in Figure 1.

Variables and outcomes
Twelve variables were selected from SEER database, includ-

ing race, age, sex, diagnostic confirmation, histological 

type, pathology grade, extension, lymph node, metastasis, 

multiple primary tumors, primary site surgery, and lymph 

node dissection. Extension stratified two classes: localized 

refers to cases recorded in the SEER database as “Confined 

to trachea and Localized” and regional extension refers to 

“Adjacent connective tissue, Adjacent organs/structures, 

Further contiguous extension”. Multiple primary tumors 

were defined as cases in SEER database where “sequence 

number” was not recorded as “one primary tumor only”. 

Except age, which was a continuous variable, other variables 

were classified variables.

According to the “SEER cause-specific death classifica-

tion” recorded in the database, the causes of death are divided 

into the following three situations: DTT, death due to other 

tumors (DOT), and DOC. In this study, a total of 294 patients 

died by the end of follow-up, and 159 patients died from 

DTT, accounting for 54% of the deaths and 33% of the total 

patients. One hundred patients died from DOT, accounting 

for 34% of deaths. Deaths due to other causes, such as heart 

disease and car accidents, accounted for 12% of all deaths.

Patients
The median age of the total patients was 64 years, ranging 

from 0 to 93 years. Only one case was younger than 1 year. The 

median age of patients who died from DTT was 67 years, rang-

ing from 16 to 93 years. The distribution of sex was similar in 

the total patients and DTT group, with 292/193 and 105/54 in 

male and female, respectively. For the histological type, squa-

mous cell carcinoma and adenoid cystic carcinoma account 

for 69% of total patients, of which squamous cell carcinoma 

accounts for 49%. For the diagnostic confirmation, positive 

histology accounts for 94.43% and 91.82% of the total patients 

and DTT group, respectively. The proportion of patients with 

multiple primary tumors was 5.66% in the DTT group and 

39.38% in the total patients. In addition, about half of the 485 

Figure 1 Patient enrollment and exclusion process of in the seeR database.
Abbreviation: seeR, surveillance, epidemiology, and end Results.

Primary site: C33.9 trachea
(n=1,392)

Tracheal tumor
(n=574)

Included primary cohort
(n=485)

Inclusion criteria:

Exclusion criteria:

Years of diagnosis: 2004–2015
Diagnostic confirmation:
microscopically confirmed
Behaviour code ICD-0-3:
malignant

●
●

●

Primary by international rules (no)
Site recode B ICD-0-3/WHO 2008
(myeloma, NHL – extranodal)

●
●
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patients (237 patients, 48.87%) were treated with surgery, while 

less than one-third of the patients who died due to tracheal 

tumor were treated with surgery, as shown in Table 1.

statistical method
The analysis was performed using the Cmprsk package 

for the R statistical software (version 3.5.1). The CumInci-

dence function was used for univariate analysis to analyze 

each potential prognostic factor, and the value of Gray’s 

test and the cumulative incidence rate at each time point 

were obtained. The Crr function was used for multivariate 

analysis, and independent prognostic factors were obtained. 

P<0.05 was considered statistically significant, and all tests 

were bilateral.

Results
A total of 485 eligible patients were enrolled. Twelve potential 

prognostic factors were univariate analyzed by Gray’s test, 

Table 1 Characteristics and demographics of patients with primary tracheal carcinoma

Prognostic factors Classification  All (%) Death due to tracheal tumor (%)

n  485 159
age  Mean 63.13; median 64; range 0–93 Mean 65.61; median 67; range 16–93
Race  

White 383 (78.97) 126 (79.25)
Black 59 (12.16) 19 (11.95)
aPi 43 (8.87) 14 (8.81)

sex  
Male 292 (60.21) 105 (66.04)
Female 193 (39.79) 54 (33.96)

DC  
Ph 458 (94.43) 146 (91.82)
PeC 27 (5.57) 13 (8.18)

histology  
sCC 238 (49.07) 78 (49.06)
aCC 97 (20.00) 41 (25.79)
OC 150 (30.93) 40 (25.16)

Pathology grade  
i 41 (8.45) 7 (4.40)
ii 121 (24.95) 41 (25.79)
iii 109 (22.47) 38 (23.90)
iV 15 (3.09) 3 (1.89)
Unknown 199 (41.03) 70 (44.03)

extension  
loc 235 (48.45) 53 (33.33)
Re 185 (38.14) 80 (50.31)
Unknown 65 (13.40) 26 (16.35)

lymph node  
none 299 (61.65) 65 (40.88)
Rn 110 (22.68) 61 (38.36)
Unknown 76 (15.67) 33 (20.75)

Metastasis  
none 363 (74.85) 93 (58.49)
DM 63 (12.99) 41 (25.79)
Unknown 59 (12.16) 25 (15.72)

MP  
no 294 (60.62) 150 (94.34)
Yes 191 (39.38) 9 (5.66)

Ps  
no 248 (51.13) 109 (68.55)
Yes 237 (48.87) 50 (31.45)

lnD  
no 428 (88.25) 147 (92.45)
Yes 57 (11.75) 12 (7.55)

Abbreviations: ACC, adenoid cystic carcinoma; API, Asian or Pacific Islander; DC, diagnostic confirmation; DM, distant metastasis; LND, lymph node dissection; Loc, 
localized; MP, multiple primary tumors; OC, other carcinoma; PeC, positive exfoliative cytology, no positive histology; Ph, positive histology; Ps, primary site surgery; Re, 
regional extension; Rn, regional lymph node; sCC, squamous carcinoma.
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and the results showed that age, sex, diagnostic confirmation, 

extension, lymph node, metastasis, multiple primary tumors, 

primary site surgery, and lymph node dissection were sta-

tistically significant in the patients of DTT. Meanwhile, the 

cumulative incidence rate of 1, 2, and 5 years was calculated, 

as shown in Table 2.

The multivariate analysis indicated that age (P=0.0000, 

CI: 1.0255–1.0630), lymph node (P=0.0000, CI: 1.6031–

3.4890), metastasis (P=0.0100, CI: 1.1342–2.5790),  multiple 

primary tumors (P=0.0000, CI: 0.0276–0.1090), and primary 

site surgery (P=0.0001, CI: 0.3565–0.7110) were indepen-

dent prognostic factors affecting survival, as shown in Figure 

2. Moreover, significant differences were found in the strati-

fication of each prognostic factors, and the statistical results 

were multiple primary tumors (χ2=69.2, P=0.0000), primary 

site surgery (χ2=15.2, P=0.0001), node (χ2=19.1, P=0.0001), 

and metastasis (χ2=6.6, P=0.037), respectively, as shown in 

Table 3. The risk probability of age changes with time, so age 

Table 2 Univariate analysis of prognostic factors in patients with primary tracheal carcinoma

Prognostic factors Classification Gray’s test P-value 12-month CIF 24-month CIF 60-month CIF

age 113.6400 0.0010
Race 0.0899 0.9561

White 0.2351 0.2977 0.3471
Black 0.1930 0.2722 0.2959
aPi 0.1940 0.3038 0.3669

sex 3.8442 0.0499
Male 0.2553 0.3254 0.3809
Female 0.1826 0.2490 0.2862

DC 3.9284 0.0475
Ph 0.2155 0.2862 0.3338
PeC 0.4074 0.4444 0.4868

histology 4.4850 0.1062
sCC 0.2219 0.2885 0.3314
aCC 0.2851 0.3766 0.4499
OC 0.1947 0.2503 0.2849

Pathology grade 7.1940 0.1260
i 0.0732 0.1285 0.1961
ii 0.2290 0.3058 0.3649
iii 0.2456 0.3304 0.3694
iV 0.0722 0.0722 0.2579
Unknown 0.2574 0.3210 0.3515

extension 21.9100 0.0000
loc 0.1332 0.1922 0.2385
Re 0.3140 0.3871 0.4535
Unknown 0.3118 0.3925 0.3925

lymph node 53.9690 0.0000
none 0.1362 0.1823 0.2235
Rn 0.3985 0.5056 0.6050
Unknown 0.3326 0.4269 0.4269

Metastasis 56.1694 0.0000
none 0.1587 0.2157 0.2669
DM 0.5222 0.6173 0.6988
Unknown 0.3260 0.4311 0.4311

MP 116.6110 0.0000
no 0.3646 0.4739 0.5389
Yes 0.0115 0.0178 0.0399

Ps 33.9550 0.0000
no 0.3286 0.4107 0.4626
Yes 0.1198 0.1740 0.2178

lnD 5.2820 0.0215
no 0.2495 0.3164 0.3615
Yes 0.0539 0.1360 0.2047

Abbreviations: ACC, adenoid cystic carcinoma; API, Asian or Pacific Islander; CIF, cumulative incidence function; DC, diagnostic confirmation; DM, distant metastasis; LND, 
lymph node dissection; loc, localized; MP, multiple primary tumors; OC, other carcinoma; PeC, positive exfoliative cytology, no positive histology; Ph, positive histology; Ps, 
primary site surgery; Re, regional extension; Rn, regional lymph node; sCC, squamous carcinoma.
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was analyzed in the competing risk model as time-varying 

covariates in this study. The results show that neither the 

linear (RR =0.9987, P=0.056) nor the quadratic (RR =1.00, 

P=0.14) term expressing the interaction of time with age is 

statistically significant. Results suggest that for each 1 year 

increase in age, the relative risk probability increases by 1.044 

times (RR =1.044). The relative risk probability of multiple 

primary tumors was 20 times that of single primary tumor 

Figure 2 Multivariate analysis for prognostic factors.
Note: (A) Metastasis; (B) multiple primary tumors; (C) lymph node; and (D) primary site surgery.
Abbreviations: CiF, cumulative incidence function; DM, distant metastasis; Rn, regional lymph node.
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Table 3 Multivariate analysis of prognostic factors in patients with primary tracheal carcinoma

Prognostic factors Classification Coef Exp(coef) SE (coef) z P-value 95% CI

age 0.0431 1.0440 0.0091 4.72 0.0000 1.0255–1.0630
age.t –0.0014 0.9987 0.0007 –1.91 0.0560 0.9973–1.0000
age.t2 0.0000 1.0000 0.0000 1.47 0.1400 1.0000–1.0000
MP χ2=69.2, P=0.0000

Yes –2.9000 0.0548 0.3490 –8.32 0.0000 0.0276–0.1090
Ps χ2=15.2, P=0.0001

Yes –0.6870 0.5033 0.1760 –3.90 0.0001 0.3565–0.7110
lymph node χ2=19.1, P=0.0001

Rn 0.8610 2.3650 0.1980 4.34 0.0000 1.6031–3.4890
Unknown 0.3850 1.4701 0.2890 1.34 0.1800 0.8350–2.5880

Metastasis χ2=6.6, P=0.037
DM 0.5370 1.7104 0.2100 2.56 0.0100 1.1342–2.5790
Unknown 0.2100 1.2333 0.3180 0.66 0.5100 0.6618–2.2980

Abbreviations: DM, distant metastasis; MP, multiple primary tumors; Ps, primary site surgery; Rn, regional lymph node.
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(RR =0.0548). The relative risk probability after surgical 

resection of the primary lesion was half that of the patients 

without surgery (RR =0.5033). For cases with regional lymph 

node metastasis, the relative risk increased more than twice 

(RR =2.3650). For cases with distant metastasis, the relative 

risk increased by 1.7 times (RR =1.7104).

Discussion
Primary tracheal carcinoma was infrequent in clinic, and the 

current understanding was derived from pooled population-

based datasets or single institution series involving a variety 

of treatment regimens. The analysis of prognostic factors is 

disordered due to case selection bias and improper use of 

statistical methods. So far, no widely accepted clinical stan-

dard has been established to guide clinical practice. In our 

study, 294 patients died in the follow-up, but only 159 were 

related to tracheal tumors. That means that the proportion 

of patients with an interesting outcome in survival analysis 

was only one-third of the total patients. If the commonly 

used survival analysis method was adopted, two-thirds of 

the cases will be treated as censored data, resulting in exces-

sive statistical error. And even worse, all 294 deaths will be 

attributed to the death of tracheal tumor, resulting in a wrong 

conclusion. These problems were solved by the competing 

risk model very well. For this reason, this study aimed to 

obtain accurate prognostic factors through appropriate case 

selection and appropriate application of statistical methods.

Age as a prognostic factor changed with time and caused 

variations in other prognostic factors. For example, squa-

mous cell carcinoma was associated with smoking. With 

the increases of smoking time, the probability of occurrence 

increases, generally in 60 years of high incidence. Therefore, 

in this study, age was used as time-varying covariates for 

multivariate analysis, and the results showed that age was 

an independent prognostic factor affecting survival and did 

not change with time.

Whether regional lymph node metastasis affects sur-

vival has always been controversial. In two large studies 

setting staging criteria,5,6 regional lymph node metastasis 

was confirmed to be an important prognostic factor for 

survival. However, in another multicenter retrospective 

study,7 it was found that regional lymph node involvement 

did not seem to have a significant adverse effect on progno-

sis. In the univariate and multivariate analysis in this study, 

regional lymph node involvement showed strong statistical 

significance, with a difference of 2.36 times in survival, 

which was the most valuable predictive factor among all 

prognostic factors.

Distant metastasis of tracheal carcinoma was inferior to 

local lesions in survival time, and its predictive efficacy had 

been confirmed by database-based analysis.8 Distant metasta-

sis includes distant organ metastasis and distant lymph node 

metastasis. In another database-based prognostic analysis 

study,9 distant metastasis was not taken as a prognostic factor 

alone, but as two prognostic factors – distant organ metastasis 

and distant lymph node metastasis, respectively. The results 

still suggest that both of them were independent prognostic 

factors. In this study, the “Trachea Mets at DX/Distant 

lymph node except or plus Distant metastasis” recorded in 

SEER database was taken as the prognostic factor of distant 

metastasis; the results showed that it was an independent 

prognostic factor, similar to the results of He’s.9 However, in 

the study of He, there were eleven patients of distant organ 

metastasis, accounting for only 4% of the total study patients, 

and six patients of distant lymph node metastasis, accounting 

for only 2% of the total. As a potential prognostic factor, too 

little sample size would lead to bias of the analysis results. In 

this paper, distant metastasis accounted for 13% of the total 

study patients and 26% of deaths due to tracheal tumor, so 

the analysis results were more accurate.

Surgery, as the main treatment measure for tracheal 

tumor, has been increasingly applied in recent years, bring-

ing about the improvement of survival.10,11 The goal of sur-

gery was to achieve R0 in total tumor resection, but there 

were also studies12 indicating that it did not affect survival. 

Agrawal10 conducted survival analysis for patients with tra-

cheal tumor in SEER database from 1973 to 2011; the result 

indicated that those who did not have surgery were 2.50 times 

more likely to die of tracheal carcinoma than those who did 

have surgery. The results of this study also confirmed that 

for patients who died from tracheal tumor, surgery could 

increase survival time by nearly twice. However, whether 

lymph node dissection was necessary, this study suggested 

that only univariate analysis shows statistical differences, 

while multivariate analysis did not indicate that it could 

affect survival, which was consistent with the Gaissert12 

and Regnard7 studies.

Multiple primary malignant tumors refer to two or more 

primary malignant tumors occurring simultaneously or suc-

cessively in one or more organs of the same host. This was 

documented in detail in the SEER database. The statistical 

analysis of this study found that among the 485 patients 

studied, there were 191 patients with multiple primary 

tumors, 155 cases with two primary tumors, 26 cases with 

three primary tumors, 7 cases with four primary tumors, 3 

cases with five primary tumors, and 154 cases with more than 
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two malignant primary tumors. According to the statistical 

analysis of the causes of death, 117 patients with multiple 

primary tumors died at the end of follow-up, among which 

9 patients died of tracheal tumor, accounting for 6% of the 

total number of deaths due to tracheal tumor. One hundred 

patients died from other tumors, accounting for 100% of the 

total deaths from other tumors. Eight patients died from other 

causes, accounting for 23% of all deaths from other causes. 

Few studies on multiple primary tumors, especially in the 

survival analysis of tracheal tumors, had not mentioned this 

prognostic factor. In this study, it was found that the mortality 

risk of patients with multiple primary tumors was two times 

higher than that of patients with single tumors, which was a 

strong independent prognostic factor.

In this study, a competing risk model was used to analyze 

the prognostic factors of specific outcome events, and the 

factors affecting the prognosis of primary tracheal carcinoma 

could be obtained more accurately. The inadequacy was 

that the survival time could not be predicted and could not 

be compared with previous literature. On the other hand, 

with the wide application of comprehensive treatment of 

tumor, postoperative adjuvant radiotherapy had been proved 

to improve survival,13 while SEER database did not have 

detailed records of other treatment measures such as radio-

therapy, resulting in the incomplete selection of potential 

prognostic factors, leading to decreased reliability of the 

conclusion.

Conclusion
This study indicated that age, lymph node, metastasis, mul-

tiple primary tumors, and primary site surgery were inde-

pendent prognostic factors of primary tracheal carcinoma. 

This study only analyzed the prognostic factors, but did not 

establish a clinical and practical prognostic model, which 

needs to be established in future research.

Disclosure
The authors report no conflicts of interest in this work.
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