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Background: Adenosquamous carcinoma (ASC) of the lung is an infrequent variant of lung cancer. This 
study aimed to identify independent risk factors and to develop a predictive model for the prognosis of ASC 
patients.
Methods: Patient data were extracted from the Surveillance, Epidemiology, and End Results (SEER) 
database (2004 to 2016) and database in our department (2010 to 2014). Overall survival (OS) was evaluated 
by the Kaplan-Meier method. Significant prognostic factors were identified by univariate analysis (UVA) and 
multivariate analysis (MVA) using the Cox proportional hazards regression. Competing risk model analyses 
were performed using cancer-specific survival outcomes. A nomogram was developed to predict patient 3-year 
and 5-year OS and was validated using data from the two databases.
Results: A total of 4,600 patients with ASC were included and divided into a training cohort (n=3,202) 
and two validation cohorts (n=1,372, n=26). Patients with ASC had significantly older age, lower grades of 
tumor differentiation or incidences of nodal, and distant invasions than adenocarcinoma and squamous cell 
carcinoma (SCC) of the lung (P<0.001), while the median survival time of ASC patients was intermediate [21.0 
(19.3–22.7) months]. Age, sex, primary site of tumor, histological grade, T stage, N stage, M stage of the 
tumor, as well as surgery to the primary tumor site and chemotherapy were identified as independent factors 
for ASC (P<0.001). A reliable nomogram was established with a group of validation plots and concordance 
indices (C-indices) (internal: 0.755±0.010; external: 0.748±0.049 and 0.721±0.045).
Conclusions: Age, sex, primary site of tumor, histological grade, T stage, N stage, M stage of the tumor, 
as well as surgery to the primary site of tumors and chemotherapy were independent risk factors for ASC 
patients. A validated nomogram was constructed to predict the prognosis based on the patient clinical 
characteristics.
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Introduction

Cancer is a major public health problem, and lung 
cancer has remained the leading cause of cancer death in 
recent years (1). Primary lung cancer has been classified 
into nine categories according to the 2004 World 
Health Organization (WHO) as small cell carcinoma, 
adenocarcinoma (ADC), squamous cell  carcinoma 
(SCC), large cell carcinoma, sarcomatoid carcinoma, 
adenosquamous carcinoma (ASC), carcinoid tumor, 
salivary gland tumor, and miscellaneous tumors, in which 
pulmonary ASC is defined as a mixed type of tumor 
consisting of both glandular and squamous cell components 
with at least 10% a proportion of each type (2). ASC of lung 
cancer is an infrequent variant accounting for less than 4% 
of all non-small cell lung cancer (NSCLC) cases (3). Elder 
male smokers are reported to be a vulnerable population 
of ASC and the prognoses appear to be poorer than that of 
other types of NSCLC (4,5).

Current treatment options for ASC rely on the 
guidelines for NSCLC, where surgery represents the only 
effective means to cure ASC, and postoperative adjuvant 
chemotherapy is preferred for patients with stages IA–IIIB 
(4,6). Prognostic factors, such as certain characteristics of 
tumors, have effects on clinical outcomes of ASC patients 
according to previous retrospective reviews, which are 
too numerous and intensive to be integrated for the 
optimization of patient management (4-12). In this case, a 
statistical-based tool to quantify risk by considering factors 
of tumors, nomography, has been often used to predict 
the survival of certain types of cancer patients (13-15). 
Therefore, we used data derived from the Surveillance, 
Epidemiology, and End Results (SEER) database in this 
study to identify potential risk factors associated with 
survival of patients with ASC, to develop a nomogram to 
visually predict their survival.

Methods

Data extraction

Data with patients diagnosed as pulmonary ADC, SCC, 
or ASC between 2004 and 2016 were extracted from the 
SEER database (http://seer.cancer.gov/) database using 
SEER*Stat software, version 8.3.6 (https://seer.cancer.gov/
seerstat/). Briefly, patients with ASC (ICD-O-3 8560/3: 
Adenosquamous carcinoma) were eligible for analyses. 
The inclusion criteria were as follows: (I) patients with 
complete survival data; (II) ASC patients were confirmed 

pathologically or immunohistochemically; and (III) 
patients with information of surgery, radiotherapy and 
chemotherapy. The exclusion criteria were as follows: (I) 
patients confirmed by autopsy; (II) patients with a follow-up 
time of 0 or unknown; (III) patients with unavailable TNM 
stage; and (VI) patients with unknown differentiation grade. 
We also collected data of ASC patients diagnosed and 
treated by us in our department between 2010 and 2014. 
Approval was waived by the local ethics committee because 
SEER is publicly available and de-identified, and we also 
obtained signed authorization and permission to access 
and use the dataset. Our study was also approved by The 
Institutional Review Committee of Zhongshan Hospital, 
Fudan University, Shanghai, China (approval number: 
B2019-232R). Informed consent forms were exempt.

The following information was extracted from the SEER 
database for each patient: patient demographics (age at 
diagnosis, race, and sex); characteristics of tumors [number 
in total, site/location, histological type, histological 
grade, tumor-node-metastasis (TNM) stage, and overall 
stage]; history of treatment (surgery, radiotherapy, and 
chemotherapy); and follow-up records (survival months 
and cause of death). Of note, tumor stages were reviewed 
manually according to the eighth edition of American 
Joint Committee on Cancer (AJCC) TNM staging system. 
Seventy percent of eligible patients derived from SEER 
database were randomly divided into a training cohort 
by R software version 3.4.3 (https://www.r-project.org/) 
and 30% of patients from the SEER as well as patients in 
our database were classified into two validation cohorts to 
externally validate the final nomogram.

Statistical analysis

Clinicopathological variables between pulmonary ASC, 
ADC, and SCC groups were analyzed using the Pearson’s 
chi-square test or the Wilcoxon rank sum test using SEER-
derived data. Cumulative survival curves were constructed 
using the Kaplan-Meier method, and log-rank tests were 
used for the comparisons. Patient variables with prognostic 
values were identified using Cox proportional hazards 
regression with robust variance estimations and presented 
with odds ratios (ORs). Univariate analysis (UVA) and 
multivariate analysis (MVA) were utilized to identify 
potential significant prognostic factors for the entire 
training cohort, where a backward stepwise model with 
the Akaike information criterion was finally used. Besides, 
the ASC cancer-specific survival outcomes were used to 

http://seer.cancer.gov/
https://seer.cancer.gov/seerstat/
https://seer.cancer.gov/seerstat/
https://www.r-project.org/
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Figure 1 The flow diagram of the selection process for the study.
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perform competing risk model analyses. All statistical UVA 
and MVA were performed using SPSS statistical software 
for Windows, version 25.0 (IBM Corp; Armonk, NY, USA). 
The competing risk model analyses were performed using 
the R software.

A nomogram was constructed based on the results of 
UVA as well as MVA using R software and its packages, 
mainly including rms, Hmisc, and ggplot. Prediction error 
was estimated with 1,000 bootstrap samples and the model 
performance was internally evaluated by the concordance 
index (C-index) and calibration plots derived from 
regression analysis, indicating the accuracy to distinguish 
subject outcomes (16). The nomogram was further 
validated in the two validation cohorts with actual survival 
by comparing the nomogram-predicted probabilities. 
Statistical significance was set at a two-sided P value <0.05.

Results

Patient characteristics

A total of 207,252 eligible patients with lung cancer were 
identified in the SEER database, incorporating 4,574 
ASC, 126,648 ADC, and 76,030 SCC patients. A total of 
26 ASC patients operated for primary lung cancer in the 
Department of Thoracic Surgery of the Fudan University 
(Zhongshan Hospital) were also included. Finally, 3,202 

ASC patients from the SEER database overall were 
categorized into the training cohort. Two validation cohorts 
from SEER and our database consisted of 1,372 and 26 
patients, respectively. The selecting process is shown in a 
flow diagram as presented in Figure 1. Characteristics of 
patients in the three cohorts are shown in Table 1.

The number of eligible patients with ASC from the 
SEER database was only 3.6% of the number of patients 
with ADC and 6.0% of the number of patients with SCC. 
Male patients with ASC were slightly more in number than 
female patients (53.5% vs. 46.5%). The most common site 
of ASC was the upper lobe, with an occurrence of 57.9%. 
Significance was shown between the three histological 
subtypes in terms of patient age, race, sex, tumor site, total 
number of primary tumors, tumor histological grade, T 
stage, N stage, M stage, overall stage, surgery, radiotherapy, 
and chemotherapy (P<0.001).

The percentage of older patients with ASC were slightly 
higher than that of patients with ADC or SCC at their 
diagnoses. Tumors were presented with a lower grade of 
differentiation in ASC patients, 64.8% of which were poorly 
differentiated. Given results from the N stage and M stage, 
ASC tumors were less likely to show nodal and distant 
invasions than ADC and SCC tumors. Additionally, patients 
with ASC had a higher surgical rate compared to ADC and 
SCC patients, whereas the radiotherapy and chemotherapy 
percentages were relatively lower (Table 2).
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Table 1 Clinicopathological characteristics of lung adenosquamous carcinoma patients in the training cohort and two validation cohorts

Characteristics
Training cohort (70% SEER 
database, n=3,202), n (%)

Validation cohorts, n (%)

30% SEER database (n=1,372) Database in our department (n=26)

Age, years

≤60 573 (17.9) 279 (20.3) 11 (42.3)

61–70 982 (30.7) 397 (28.9) 7 (26.9)

71–80 1,195 (37.3) 510 (37.2) 8 (30.8)

≥80 452 (14.1) 186 (13.6) 0

Race

Black 293 (9.2) 138 (10.1) 0

Others 205 (6.4) 100 (7.3) 26 (100.0)

White 2,704 (84.4) 1,134 (82.7) 0

Sex

Female 1,495 (46.7) 634 (46.2) 7 (26.9)

Male 1,707 (53.3) 738 (53.8) 19 (73.1)

Primary site(s) of tumor(s)

Main bronchus 67 (2.1) 24 (1.7) 0

Upper lobe of lung 1,861 (58.1) 788 (57.4) 14 (53.8)

Middle lobe of lung 140 (4.4) 59 (4.3) 1 (3.8)

Lower lobe of lung 1,002 (31.3) 429 (31.3) 4 (15.4)

Overlapped lobes of lung 42 (1.3) 26 (1.9) 6 (23.1)

Unspecified 90 (2.8) 46 (3.4) 1 (3.8)

Differentiated grade

Well differentiated 52 (1.6) 22 (1.6) 4 (15.4)

Moderately differentiated 994 (31.0) 445 (32.4) 11 (42.3)

Poorly differentiated 2,087 (65.2) 879 (64.1) 11 (42.3)

Undifferentiated 69 (2.2) 26 (1.9) 0

Laterality

Right 1,840 (57.5) 788 (57.4) 14 (53.8)

Left 1,341 (41.9) 570 (41.5) 9 (34.6)

Paired 17 (0.5) 13 (0.9) 3 (11.5)

Unspecified 4 (0.1) 1 (0.1) 0

Total number of tumor(s)

1 2,021 (63.1) 864 (63.0) NA

>1 1,181 (36.9) 508 (37.0) NA

Table 1 (continued)
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Table 1 (continued)

Characteristics
Training cohort (70% SEER 
database, n=3,202), n (%)

Validation cohorts, n (%)

30% SEER database (n=1,372) Database in our department (n=26)

T stage

T1 940 (29.4) 380 (27.7) 7 (26.9)

T2 1,154 (36.0) 522 (38.0) 11 (42.3)

T3 457 (14.3) 198 (14.4) 6 (23.1)

T4 651 (20.3) 272 (19.8) 2 (7.7)

N stage

N0 1,823 (56.9) 793 (57.8) 12 (46.2)

N1 418 (13.1) 115 (8.4) 6 (23.1)

N2 771 (24.1) 354 (25.8) 8 (30.8)

N3 190 (5.9) 90 (6.6) 0

M stage

M0 2,462 (76.9) 1,036 (75.5) 23 (88.5)

M1 740 (23.1) 336 (24.5) 3 (11.5)

Stage

I 1,201 (37.5) 528 (38.5) 8 (30.8)

II 513 (16.0) 202 (14.7) 8 (30.8)

III 748 (23.4) 306 (22.3) 7 (26.9)

IV 740 (23.1) 336 (24.5) 3 (11.5)

Surgery to the primary site

Yes 2,077 (64.9) 895 (65.2) 26 (100.0)

No 1,125 (35.1) 477 (34.8) 0

Surgery to the other regions

Yes 97 (3.0) 44 (3.2) 0

No 3,105 (97.0) 1,328 (96.8) 26 (100.0)

Radiotherapy

Yes 939 (29.3) 403 (29.4) NA

No 2,263 (70.7) 969 (70.6) NA

Chemotherapy

Yes 1,138 (35.5) 506 (36.9) 0

No 2,064 (64.5) 866 (63.1) 26 (100.0)

NA, not applicable. 

Survival analysis

Patients with ASC were shown to survive significantly longer 

than those with SCC, but shorter than those with ADC  

(P<0.0001) (Figure 2). The median survival time of ASC, 
ADC, and SCC patients were 21.0 (19.3–22.7) months,  
30.0 (29.6–30.4) months, and 16.0 (15.8–16.2) months, 
respectively. In the training cohort, patients were first included 
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Table 2 Comparison of the clinicopathological characteristics of lung adenosquamous carcinoma with those of adenocarcinoma and squamous 
cell carcinoma

Characteristics
Adenosquamous carcinoma 

(n=4,574), n (%)
Adenocarcinoma (n=126,648), 

n (%)
Squamous cell carcinoma 

(n=76,030), n (%)
P

Age, years <0.001*

≤60 852 (18.6) 30,530 (24.1) 12,595 (16.6)

61–70 1,379 (30.1) 40,809 (32.2) 24,667 (32.4)

71–80 1,705 (37.3) 39,346 (31.1) 27,851 (36.6)

≥80 638 (13.9) 15,963 (12.6) 10,917 (14.4)

Race <0.001*

Black 431 (9.4) 13,429 (10.6) 8,528 (11.2)

Others 305 (6.7) 9,999 (7.9) 3,438 (4.5)

White 3,838 (83.9) 103,220 (81.5) 64,064 (84.3)

Sex <0.001*

Female 2,129 (46.5) 67,956 (53.7) 28,548 (37.5)

Male 2,445 (53.5) 58,692 (46.3) 47,482 (62.5)

Primary site(s) of tumor(s) <0.001*

Main bronchus 91 (2.0) 2,292 (1.8) 3,981 (5.2)

Upper lobe of lung 2,649 (57.9) 72,044 (56.9) 42,004 (55.2)

Middle lobe of lung 199 (4.4) 6,896 (5.4) 2,940 (3.9)

Lower lobe of lung 1,431 (31.3) 37,494 (29.6) 22,946 (30.2)

Overlapped lobes of lung 68 (1.5) 1,421 (1.1) 1,055 (1.4)

Unspecified 136 (3.0) 6,501 (5.1) 3,104 (4.1)

Differentiated grade <0.001*

Well differentiated 74 (1.6) 23,724 (18.7) 2,501 (3.3)

Moderately differentiated 1,439 (31.5) 47,927 (37.8) 32,757 (43.1)

Poorly differentiated 2,966 (64.8) 53,114 (41.9) 39,972 (52.6)

Undifferentiated 95 (2.1) 1,883 (1.5) 800 (1.1)

Laterality <0.001*

Right 2,628 (57.5) 74,636 (58.9) 42,303 (55.6)

Left 1,911 (41.8) 50,598 (40.0) 33,056 (43.5)

Paired 30 (0.7) 1,283 (1.0) 549 (0.7)

Unspecified 5 (0.1) 131 (0.1) 122 (0.2)

Total number of tumor(s) 0.004*

1 2,885 (63.1) 82,645 (65.3) 50,501 (66.4)

>1 1,689 (36.9) 44,003 (34.7) 25,529 (33.6)

Table 2 (continued)
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Table 2 (continued)

Characteristics
Adenosquamous carcinoma 

(n=4,574), n (%)
Adenocarcinoma (n=126,648), 

n (%)
Squamous cell carcinoma 

(n=76,030), n (%)
P

T stage <0.001*

T1 1,320 (28.9) 45,020 (35.5) 17,662 (23.2)

T2 1,676 (36.6) 41,756 (33.0) 24,657 (32.4)

T3 655 (14.3) 13,021 (10.3) 11,532 (15.2)

T4 923 (20.2) 26,851 (21.2) 22,179 (29.2)

N stage <0.001*

N0 2,616 (57.2) 71,236 (56.2) 39,169 (51.5)

N1 533 (11.7) 11,827 (9.3) 8,287 (10.9)

N2 1,125 (24.6) 33,317 (26.3) 22,698 (29.9)

N3 280 (6.1) 10,268 (8.1) 5,876 (7.7)

M stage <0.001*

M0 3,498 (76.5) 88,039 (69.5) 57,282 (75.3)

M1 1,076 (23.5) 38,609 (30.5) 18,748 (24.7)

Stage <0.001*

I 1,729 (37.8) 50,722 (40.0) 23,141 (30.4)

II 715 (15.6) 12,677 (10.0) 10,466 (13.8)

III 1,054 (23.0) 24,640 (19.5) 23,675 (31.1)

IV 1,076 (23.5) 38,609 (30.5) 18,748 (24.7)

Surgery to the primary site <0.001*

Yes 2,972 (65.0) 67,427 (53.2) 30,838 (40.6)

No 1,602 (35.0) 59,221 (46.8) 45,192 (59.4)

Surgery to the other regions <0.001*

Yes 141 (3.1) 3,452 (2.7) 1,375 (1.8)

No 4,433 (96.9) 123,196 (97.3) 74,655 (98.2)

Radiotherapy <0.001*

Yes 1,342 (29.3) 38,147 (30.1) 31,556 (41.5)

No 3,232 (70.7) 88,501 (69.9) 44,474 (58.5)

Chemotherapy <0.001*

Yes 1,644 (35.9) 47,537 (37.5) 29,377 (38.6)

No 2,930 (64.1) 79,111 (62.5) 46,653 (61.4)

*, statistical significance.
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Figure 2 Overall Kaplan-Meier survival curve of all included patients.
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in an UVA to determine potential prognostic predictors for 
ASC. Finally, 14 variables, including patient demographics 
(age and sex), tumor characteristics (the site of primary 
tumor, laterality in lung, the number of tumors, histological 
grade, T stage, N stage, M stage, and overall stage), and 
patient history of treatment (surgery to primary site, surgery 
to other regions, radiotherapy, and chemotherapy), were 
shown to be significantly correlated with patient survival 
(P<0.001) (Table 3) (Figure S1A). No significant correlation 
was shown between patient race and their survival (P=0.635)  
(Figure S1B). Better survival outcomes were shown in patients 
who had undergone surgery or radiotherapy, whereas 
chemotherapy was significantly associated with a poorer 
prognosis.

Significant covariates in UVA (P<0.001) were furtherly 
analyzed in MVA. Overall stage was excluded in this process 
because it relied on the level of TNM stages that were 
included. The results revealed that nine of the variates were 
independent predictors for ASC patients, including age, sex, 
tumor site, histological grade, T stage, N stage, M stage, 
surgery to the primary site of tumors, and chemotherapy, 
while tumor laterality (P=0.694), number of tumors or sites 
in total (P=0.513), surgery to other regions (P=0.407), and 
radiotherapy (P=0.496) were not independent risk factors 
(Table 3). Contrary to the previous results, females were 
shown to have a significantly better prognosis than males 
with ASC (OR female vs. male =0.801; 95% CI: 0.735, 0.872) 
using MVA, indicating that male sex was a negative factor 
for survival after excluding other mixed factors. Tumors in 

the main bronchus indicated poorer prognoses for patients 
than those with ASC in other sites. Given analyses among 
the four grades of tumor differentiation, better prognoses 
were shown in patients with moderately differentiated 
tumors than with poorly differentiated tumors. Results in 
terms of the TNM stage and chemotherapy were consistent 
with those obtained in the UVA. Furthermore, surgery 
to distant lymph nodes or sites or other regions was not 
as significantly beneficial as surgery to the primary site of 
tumor for ASC patients.

In order to make the comparisons of survival outcomes 
between groups more accurate, we also performed 
competing risk model analyses concerning the nine 
significant prognostic factors determined in the previous 
MVA with the cancer-specific survival outcomes in our 
training cohort. Results showed that patients with older 
ages, male genders, tumors located in the main bronchus, 
higher cell differentiation grades, higher T or N stages, or 
chemotherapy had significantly higher risks of both cancer-
specific death from ASC (P<0.05) and other causes of death 
(P<0.05) (Figure S2). Patients in the groups with higher M 
stages or without surgery have significantly higher risks of 
cancer-specific death from ASC as well, but there was no 
significant difference in the probabilities of other causes of 
deaths (M stage: P=0.8; surgery: P=0.06) (Figure S2G,H).

Development and validations of the nomogram

A nomogram incorporating the nine independent risk 
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Table 3 Cox proportional hazards regression analysis for patients with lung adenosquamous carcinoma

Variable

Univariate analysis Multivariate analysis

Hazard ratio 
(HR)

95% CI P
Hazard ratio 

(HR)
95% CI P

Age at diagnosed, years <0.001* <0.001*

≤60 0.726 0.642–0.822 <0.001 0.628 0.546–0.712 <0.001

61–70 0.749 0.675–0.831 <0.001 0.758 0.682–0.842 <0.001

71–80 Reference Reference

≥80 1.324 1.170–1.498 <0.001 1.225 1.081–1.390 0.002

Race 0.635

White Reference

Black 1.014 0.847–1.214 0.876

Others 1.072 0.928–1.239 0.342

Sex <0.001* <0.001*

Male Reference Reference

Female 1.329 1.222–1.446 <0.001 0.801 0.735–0.872 <0.001

Primary site(s) of tumor(s) <0.001* 0.002*

Main bronchus 0.402 0.333–0.530 0.124 1.462 1.126–1.897 0.002

Upper lobe of lung Reference Reference

Middle lobe of lung 1.185 0.847–1.657 0.337 1.181 0.958–1.455 0.004

Lower lobe of lung 0.429 0.317–0.579 0.533 1.162 1.058–1.277 0.119

Overlapped lobes of lung 0.493 0.389–0.625 0.976 1.183 0.831–1.685 0.002

Unspecified 0.423 0.280–0.640 0.268 1.294 1.021–1.641 0.351

Differentiated Grade <0.001* 0.014*

Well differentiated 0.739 0.518–1.055 0.096 0.855 0.595–1.228 0.396

Moderately differentiated 0.638 0.580–0.701 <0.001 1.131 0.726–1.761 0.586

Poorly differentiated Reference Reference

Undifferentiated 1.230 0.940–1.610 0.286 0.995 0.696–1.422 0.978

Laterality <0.001* 0.694

Right Reference

Left 0.187 0.070–0.501 0.001 1.004 0.920–1.096 0.930

Paired site 0.187 0.070–0.501 0.001 0.850 0.486–1.486 0.568

Unspecified site 0.517 0.171–1.557 0.241 1.714 0.624–4.708 0.296

Total number of tumor(s) <0.001* 0.513

1 Reference

>1 1.298 1.190–1.417 <0.001 0.970 0.885–1.063

Table 3 (continued)
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Table 3 (continued)

Variable

Univariate analysis Multivariate analysis

Hazard ratio 
(HR)

95% CI P
Hazard ratio 

(HR)
95% CI P

T stage <0.001* <0.001*

T1 Reference Reference

T2 0.280 0.248–0.317 <0.001 1.323 1.179–1.485 <0.001

T3 0.420 0.377–0.468 <0.001 1.829 1.580–2.117 <0.001

T4 0.676 0.592–0.772 <0.001 2.071 1.805–2.376 <0.001

N stage <0.001* <0.001*

N0 Reference Reference

N1 0.241 0.204–0.284 <0.001 1.445 1.263–1.652 <0.001

N2 0.330 0.272–0.399 <0.001 1.550 1.372–1.750 <0.001

N3 0.619 0.522–0.734 <0.001 1.455 1.203–1.759 <0.001

M stage <0.001* <0.001*

M0 Reference Reference

M1 0.254 0.231–0.280 <0.001 2.008 1.787–2.255 <0.001

Stage <0.001*

I Reference

II 0.171 0.152–0.192 <0.001

III 0.244 0.213–0.279 <0.001

IV 0.452 0.404–0.506 <0.001

Surgery to the primary site <0.001* <0.001*

Yes Reference Reference

No 4.065 3.713–4.450 <0.001 2.365 2.099–2.665 <0.001*

Surgery to other regions <0.001* 0.407

Yes 0.663 0.529–0.830 <0.001 1.102 0.876–1.387

No Reference Reference

Radiation therapy <0.001* 0.496

Yes 0.579 0.530–0.633 <0.001 0.964 0.868–1.071

No Reference Reference

Chemotherapy <0.001* <0.001*

Yes 1.188 1.089–1.295 <0.001 1.540 1.394–1.703 <0.001

No Reference Reference

*, statistical significance. 
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Figure 3 A Predictive nomogram and its calibration curve for validations. (A) A nomogram for prediction of 3-year and 5-year OS rates of 
patients with lung ASC in the training cohort; (B) calibration curve of the nomogram predicting the 3-year OS rate of patients with lung 
ASC in the training cohort; (C) calibration curve of the nomogram predicting the 5-year OS rate of patients with lung ASC in the training 
cohort. OS, overall survival; ASC, adenosquamous carcinoma.

factors (age, tumor histological grade, T stage, N stage, M 
stage, surgery, and chemotherapy) derived from MVA was 
developed (Figure 3A). Predicted 3-year and 5-year overall 
survival (OS) were calculated by identifying and summing 
up the point scales at the top of the nomogram of each 
factor. The 3-year and 5-year OS were obtained based on 
the point scale at the bottom of the nomogram. Internal 
evaluation was performed by bootstrap resampling and 
illustrated in calibration plots (Figure 3B,C). The C-index 
for prediction of 3-year and 5-year OS was 0.755±0.010, 
indicating the nomogram was in good agreement with the 
actual observation for ASC patients.

Furthermore, external evaluation of this nomogram 
was performed using the two validation cohorts derived 
from databases of SEER and ours. Given results from the 

comparison between nomogram-predicted survival and the 
actual survival of patients in the two validation cohorts, our 
nomogram showed reliability with a C-index of 0.748±0.049 
(SEER database), and a C-index of 0.721±0.045 (database 
in our department), respectively. Calibration plots are 
presented in Figure 4.

Besides, scores of each patient in the training cohort 
were calculated using our nomogram. The purpose of this 
step was to further validate the efficiency of our nomogram 
by comparing survival of patients grouped by the scores 
that obtained using the nomogram. Patients were first 
divided into two groups according to the median score. 
We estimated their survival by the Kaplan-Meier method, 
which was subsequently analyzed using a log-rank test. 
Results showed that there was a significant difference in 
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Figure 4 Calibration curves for external validations of the nomogram. (A) Calibration curve of the nomogram predicting the 3-year OS rate 
of patients with lung ASC in the validation cohort derived from SEER database; (B) calibration curve of the nomogram predicting the 5-year 
OS rate of patients with lung ASC in the validation cohort derived from SEER database; (C) calibration curve of the nomogram predicting 
the 3-year OS rate of patients with lung ASC in the validation cohort derived from database in our department; (D) calibration curve of the 
nomogram predicting the 5-year OS rate of patients with lung ASC in the validation cohort derived from database in our department. OS, 
overall survival; ASC, adenosquamous carcinoma.
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the survival between these two groups of patients (P<0.001) 
(Figure 5A), where patients with predicted lower scores 
had indeed survived longer than those with higher scores. 
In addition, same methods were used among a four-group 
comparison of patients divided by the quartile of the score, 
and similar results were also obtained that their survival was 
significantly different (P<0.001) (Figure 5B).

In general, ASC patients who had a younger age, female 
sex, a relatively higher differentiated level, a lower T stage, 
a lower N stage, or a lower M stage had better clinical 
outcomes. Surgery to the primary site of tumors also led 
to superiority in patient survival, whereas chemotherapy 
was possibly to be pernicious. A nomogram was developed 
by integrating all the significant predictors above, so 
that survival of ASC patients was individually predicted 

according to their characteristics.

Discussion

In the current study we analyzed the risk factors for 
pulmonary ASC patients. Patient age, sex, tumor site, 
histological grade, T stage, N stage, M stage of the 
tumor, as well as surgery to the primary site of tumors and 
chemotherapy were independent prognosis factors based on 
analyses of more than 3,000 patients. A nomogram was finally 
developed to predict patient survival visually and reliably.

Characteristics of ASC patients, their tumors, and 
surgical percentages in our study were generally consistent 
with retrospective studies in earlier years. The average 
age of ASC patients at the time of diagnosis has been 
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Figure 5 Survival analyses of patients grouped by predicted scores using the nomogram. (A) Survival comparing between two groups of 
patients divided by median score; (B) survival comparing among four groups of patients divided by quartile of predicted scores.
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reported to be significantly higher compared to that of 
ADC patients (68.7 vs. 65.2 years; P<0.0001) and the 
ratio of males to females has been reported to be 3.38:1 
among 114 ASC patients after surgery (4). Consistently, 
while patients with ASC and SCC had a similar age 
distribution, the median age of ASC patients was higher 
than that of ADC patients in the present study. The 
incidence of ASC was also higher in males than in 
females (male vs. female 53.5% vs. 46.5%). ASC has been 
reported to be more frequently peripheral than central 
and the size of central ASC tumors has been reported 
to be significantly larger than peripheral tumors (11).  
In the current study, consistent results were obtained 
showing that central ASC tumors only accounted for 2.0% 
of all the ASC tumors, but the comparison between central 
and peripheral tumors in terms of the size could not be 
determined. Surgery has been reported to be significantly 
performed more frequently in ASC patients than ADC 
patients (P=0.002) (4). In our study, approximately 65% of 
our patients were confirmed to have received surgery to 
primary tumor sites and 3.1% of the patients underwent 
surgical resections to other regions of tumors.

Patients with ASC have been reported to have 
significantly worse prognoses than those with either ADC 
or SCC, with their 5-year survival for all stages ranging 
from 6–33%, regardless of their treatments (4,5,8,17,18). 
However, survival results of ASC patients in our study 
showed an intermediate level between ADC and SCC 
patients, which differed from the previous reports. The 

differences might have resulted from bias, because patients 
in previous study comparisons were often all after surgery.

Similar to our study, several previous studies have 
reported ASC specif ic  prognostic  variables .  Cell 
differentiation is one of the pivotal predictors for 
cancer, and a significant correlation has been observed 
between the differentiation of ASC cell types and patient 
survival (P<0.05) (8). Our study also showed that a lower 
grade of differentiation indicated poorer prognoses for 
patients, especially between moderate and poor grades 
of differentiation. The results of TNM stages of ASC in 
the present study were also consistent with tumor-stage 
associated variables reported in other studies. Tumor size  
(>5 cm), positive lymph node involvement, pleural invasion, 
and the presence of distant metastasis, as well as other 
tumor-stage associated variables that indicated higher stages 
of TNM have been reported to be significant ASC specific 
poor prognostic factors (9,10,12).

Surgery and chemotherapy are the two most studied 
treatment options for ASC. As reported, the postoperative 
5-year survival rates of ASC patients for all stage cases 
were 23.3% and 54.6%, which were all shown to be 
significantly lower than those of patients with ADC or 
SCC of the lung (P<0.0001; P=0.017) (4,6). The 5-year 
survival rates of ASC patients for early-stage cases after 
surgery were reported to be 59.4%, and the survival of 
patients with stage I was significantly worse than that of 
ADC or SCC patients (P<0.0001), while there was no 
significance in postoperative survival among patients with 
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these three pathological types for stage II cases (P=0.11) (19).  
According to the results from previous studies and ours, 
patients with lung ASC may benefit from surgery, but this 
is far less than that of patients with lung ADC or SCC 
for the same stage cases from surgery. We suppose that 
it is possibly attributed to the more aggressive nature of 
ASC compared with ADC and SCC of the lung. Besides, 
different effects have been reported for different surgical 
methods regarding the prognoses of ASC patients. 
Complete lobectomy was superior to segmental and partial 
resections for ASC patients in terms of their survival, 
but the difference was not significance (4,8), which was 
not validated in our study because the surgical procedure 
information in the SEER database for each patient was 
incomplete. Additionally, our study showed a decreased 
survival for patients who had undergone chemotherapy. 
However, both adjuvant chemotherapy (P<0.0001) and 
neoadjuvant chemotherapy (P<0.05) have been significantly 
advantageous for postoperative ASC patients (4,10). We 
therefore propose that chemotherapy should be combined 
with a surgical resection for ASC patients, to obtain better 
clinical outcomes.

Several studies have reported some other prognostic 
factors for ASC patients, which cannot be obtained and 
analyzed via data from the SEER. The pathological 
structure of ASC has been reported as a factor related to 
the survival of patients. ASC is divided into three subtypes 
by the proportions of the two components, ADC and 
SCC, as ADC-predominant ASC (the proportion of ADC 
≥60% of tumor), SCC-predominant ASC (the proportion 
of SCC ≥60% of tumor) and structure-balanced ASC 
(the proportion of ADC and SCC is between 40% and 
60%) (20). As indicated in previous studies, peripheral and 
central tumors are prone to be ADC- and SCC-dominant, 
respectively (21,22). Structure-balanced ASC have been 
found to have a significantly better prognosis for patients 
compared to its counterparts (P<0.05) (9,12). The genetic 
mutation status of various driver oncogenes has been 
examined in the ASC patient population to show that 
some of the genes are associated with prognosis. Activating 
mutations of the epidermal growth factor receptor (EGFR) 
have been reported in about 30–50% of ASC patients 
(23-28). Non-smokers (P=0.035) and lymphatic invasion 
positive patients (P=0.027) were significantly more prone 
to harbor this type of mutation (25). EGFR tyrosine kinase 
inhibitors (TKIs) have represented an effective treatment 
for ASC, with a reported objective response rate (ORR) 
of 26.5% and a disease control rate (DCR) of 65.3% (29). 

Patients with mutated EGFR tended to have an increased 
3-year survival compared to those without the mutation, 
although the results were not significant (90.0% vs. 62.8%; 
P=0.06) (25). Kirsten rat sarcoma viral oncogene homolog 
(KRAS) mutations have also been reported in several studies 
with an incidence of approximately 5–10% (24,27,28,30), 
but almost no association has been reported between KRAS 
mutations and the prognoses of ASC patients.

To the best of our knowledge, our study is the largest 
populational-based retrospective study using data from 
the SEER for ASC patients. Our novel predictive model 
for prognoses of ASC patients was validated to be robustly 
reliable by both internal and external methods. However, 
there were still some limitations in our study. First, 
eligible patients derived from the SEER database were 
from the USA, which may not be relevant to other patient 
populations. Second, the lack of smoking history, as well 
as the absence of genetic mutations and other variables in 
the SEER records hindered the development of a more 
comprehensive prediction model for the survival of ASC 
patients. Third, a large randomized clinical trials (RCT) is 
a necessity to validate these results because our study was 
a retrospective design and confounding factors might have 
been introduced into the analyses of covariate effects. Novel 
and optimal treatment rationales will also be identified for 
ASC patients using this process.

Conclusions

Compared with ADC and SCC patients, ASC patients 
presented with distinct clinicopathological characteristics, 
including older age at diagnosis, lower grades of tumor 
differentiation, and lower incidences of nodal and distant 
invasions as well as higher percentages of surgical resections 
and lower percentages of chemotherapy or radiotherapy. 
Patient age, sex, tumor site, histological grade, T stage, 
N stage, M stage of the tumor, as well as surgery to the 
primary site of tumors and chemotherapy were shown to be 
independent prognostic factors based on the multivariate 
analyses. Using our nomogram, survival of each ASC patient 
could be predicted according to the clinicopathological 
characteristics.
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Figure S1 Results of univariate survival analyses with each parameter. (A) Age at diagnosis; (B) race; (C) sex; (D) primary site(s) of tumor(s); (E) differentiated grade; (F) laterality; (G) total number of tumor(s); (H) T stage; (I) N stage; (J) 
M stage; (K) overall stage; (L) surgery to the primary site; (M) surgery to other regions; (N) radiotherapy; (O) chemotherapy.
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Figure S2 Results of competing risk model analyses concerning diagnostic factors. (A) Age; (B) sex; (C) the primary site of tumor; (D) cell 
differentiation grade; (E) T stage; (F) M stage; (G) N stage; (H) surgery; (I) chemotherapy.
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