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Background: Primary adenosquamous carcinoma (ASC) of the lung is a rare and aggressive 

disease. The accurate diagnosis of ASC based on small biopsies is challenging because of the 

mixed components within the tumor, and this may lead to suboptimal treatment. Furthermore, 

information about the efficacy of epidermal growth factor receptor tyrosine kinase inhibitors 

(EGFR-TKIs) in lung ASC is limited.

Patients and methods: Data on a cohort of patients with lung ASC who underwent surgery 

between October 2008 and December 2016 at a single institution were retrospectively reviewed.

Results: This study analyzed 148 patients. Differences between the pre- and post-resection 

diagnosis were observed. Based on the results of preoperative biopsy, patients were diagnosed 

as having squamous cell carcinoma (n=26), adenocarcinoma (n=20), poorly differentiated 

carcinoma (n=20), and large cell carcinoma (n=1), and finally diagnosed as having ASC 

based on histopathological examination of the surgical specimens. Thirty patients (20.3%) 

with EGFR-sensitizing mutations (TKI group) were treated with EGFR-TKIs after surgery, 

whereas the remaining patients (79.7%) with unknown EGFR-mutation status received 

chemotherapy or chemoradiotherapy alone (non-TKI group). TKI treatment was associ-

ated with better median overall survival (OS) (HR=0.619; p=0.034). Multivariate analysis 

identified the presence of EGFR-TKI treatment as an independent prognostic factor for OS 

(HR=0.471; p=0.003).

Conclusion: Discrepancies between the pre- and post-operative diagnosis reflect the inadequacy 

of non-resection approaches to the diagnosis of ASC. ASC patients harboring EGFR-sensitizing 

mutations who were treated with EGFR-TKIs showed a significantly better prognosis than those 

receiving chemotherapy or chemoradiotherapy alone.
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Introduction
Adenosquamous carcinoma (ASC) is a relatively rare subtype of non-small-cell lung 

cancer (NSCLC), accounting for 0.4%–4% of all lung cancers.1 The overall prognosis 

is extremely poor, and most ASC patients with stage III disease cannot survive for 

more than 5 years.2 The World Health Organization (WHO) Classification of Lung 

Tumors defines ASC as “a carcinoma showing components of both squamous cell 

carcinoma (SCC) and adenocarcinoma (AC), with each comprising at least 10% of 

the tumor”.3 Although ASC is characterized by morphologically mixed tumors that 

contain adenomatous or squamous components, studies show that ASC has a more 
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aggressive biological behavior and a poorer prognosis than 

pure AC or SCC,1,2,4,5 suggesting that ASC is not simply a 

mix of AC and SCC.6,7

The presence of mixed histological components within 

tumors potentially may lead to inaccurate tumor classifica-

tion based on small biopsies, which are limited to a partial 

sampling of the lesion.8–10 This may affect the subsequent 

design of optimal treatment regimens. Accurate diagnosis 

is particularly important in patients with lung ASC because 

AC is a general indication for epidermal growth factor recep-

tor (EGFR) mutation tests, and the survival advantage of 

pemetrexed treatment can only be achieved in patients with 

non-squamous histology.11,12 Patients with advanced-stage 

ASC who are misdiagnosed as SCC may miss out on the 

benefits of optimal treatment, highlighting the importance 

of an accurate diagnosis in lung cancer. In addition, exclud-

ing the presence of SCC histology is important because 

bevacizumab, which targets vascular endothelial growth 

factor, is associated with a high risk of bleeding in SCC 

and is approved only for the treatment of patients with non-

squamous NSCLC.13 As a result, ASC patients in whom 

only the AC component is identified may not be indicated 

for bevacizumab treatment.

The best treatment options for ASC patients have not 

been specifically studied. EGFR tyrosine kinase inhibitors 

(EGFR-TKIs) are currently recommended as the first-line 

treatment option for advanced AC with EGFR-sensitizing 

mutations; however, the efficacy of EGFR-TKIs in patients 

with ASC remains to be evaluated in detail. Studies show 

that the incidence of EGFR mutations in East Asian patients 

with ASC is similar to that in patients with AC;14,15 however, 

the effect of EGFR-TKIs on the prognosis of ASC patients 

with EGFR mutation remains unclear because of the rarity 

of the disease and the potential impact of mixed components.

The objectives of the present study were to investigate 

whether the mixed structure of ASC affects the accuracy of 

diagnosis in all patients who have undergone a surgical resec-

tion and whether EGFR-TKI treatment can benefit patients 

with EGFR-positive mutations.

Patients and methods
This retrospective study was approved by the Institutional 

Ethics Committee of Shanghai Chest Hospital (KS (Y) 1802). 

Written informed consent was obtained from all patients.

Patients
Post-operatively pathologically confirmed ASC patients who 

underwent complete tumor resection and lymphadenectomy 

between January 2008 and December 2015 in the Department 

of Thoracic Surgery of Shanghai Chest Hospital (Shanghai, 

China) were included in the study.

These resected samples were reassessed based on the 

diagnostic criteria proposed by the 2015 edition of the WHO 

classification system.2

Subgroups
Each surgically resected tumor was systematically sampled 

according to standard procedures. Paraffin-embedded 

tumor specimens, which included the widest cross-sections, 

were reassessed by two senior clinical pathologists. The 

classification of adenomatous and squamous components 

within ASCs was performed by immunohistochemical 

staining of surgically resected tumors. Patients with ASC 

were subdivided into two groups according to post-surgical 

EGFR-TKI treatment as follows: the EGFR-TKI group, 

which included patients who received the TKI treatment 

in either an adjuvant or a recurrent setting, and the non-

TKI group, which included patients who received only 

chemotherapy (CTx) or chemoradiotherapy (CRTx) over 

the entire treatment course. Specifically, in the EGFR-

TKIs group, most patients received gefitinib (Iressa®, 

AstraZeneca; 250 mg once daily; n=27), whereas two 

patients received erlotinib (Tarceva®, Roche; 150 mg once 

daily; n=3). In the non-TKI group, CTx (cisplatin-based 

doublet) or CRTx (cisplatin-based doublet plus 45–70 Gy 

radiotherapy) was given.

Mutational analyses and clinical 
assessments
The mutational status of EGFR (exons 18–21) was deter-

mined using polymerase chain reaction-based direct sequenc-

ing and verified by DNA sequencing analysis. All mutations 

were verified by analysis of an independent polymerase chain 

reaction.

Objective tumor responses regarding complete response 

(CR), partial response (PR), stable disease (SD), and progres-

sive disease (PD) using the Response Evaluation Criteria in 

Solid Tumors (RECIST 1.1) were retrieved from the medical 

records.16

Follow-up
Follow-up information was acquired by review of the 

electronic medical records and by calls. The primary 

endpoints of the study were overall survival (OS), which 

was defined as the interval between the day of recurrence 

and the date of death by any cause or the last follow-up 
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date, and post-operative OS, which was defined as the 

interval between the day of surgery and the date of death 

by any cause or the last follow-up date. Recurrence was 

defined as the proven detection of locoregional recurrence 

or distant metastasis.

Statistical analyses
Normally distributed continuous variables are presented 

as the mean ± SD or as the median and interquartile range, 

while categorical variables are presented as numbers and 

percentages. Categorical variables were compared using 

contingency table analysis and chi-squared tests. Survival 

curves were estimated using the Kaplan–Meier method and 

compared using the log-rank test. The variables found to be 

significant on univariate analysis (defined as a p-value of 

less than 0.15) were included in the multivariate analysis 

using the Cox proportional hazards model after backward 

stepwise Wald elimination. Other clinically relevant factors 

based on clinical knowledge and previous reports, such as 

age, gender, and smoking history, are also included in the 

Cox proportional hazards model. All tests were two sided 

and a p-value <0.05 was considered to indicate statistical 

significance. Statistical analyses were performed using SPSS 

software (version 19.0; IBM-SPSS, Armonk, NY, USA).

Results
The study included 148 patients with ASC. The clinical charac-

teristics of the patients are listed in Table 1. The mean age was 

59.9±10.4 years. Most of the patients were men (70.7%) and had 

a smoking history (57.4%). Women (53.3% vs 25.4%, p=0.003), 

never-smokers (70.0% vs 35.6%, p=0.001), a central tumor 

(56.7% vs 28.8%, p=0.008), and extended lobectomy (46.7% 

vs 22.0%, p=0.007) were significantly more frequent in the 

EGFR-TKI treatment group than in the CTx/CRTx alone group.

Differential diagnosis between pre- and 
post-resection
A total of 67 patients (45.3%) were diagnosed pre-operatively 

with SCC (n=26), AC (n=20), poorly differentiated carcinoma 

(n=20), and large cell carcinoma (n=1), according to cytologi-

cal and/or histological analysis, and finally diagnosed as ASC 

according to histopathological examination of the surgical 

specimens, which indicates a considerable inconsistency 

between pre- and post-operative diagnosis.

Table 1 Clinical characteristics of patients with primary ASCs of the lung

Characteristic ASC Subgroups

Total, n (%) EGFR-TKIs CTx/CRTx p-value

gender 148 (100) 30 118 0.003*
Male 102 (70.7) 14 88
Female 46 (29.3) 16 30

Age (years) 0.325
≤60 72 (48.6) 17 55

>60 76 (51.4) 13 63
Smoking 0.001*

no 63 (42.6) 21 42
Yes 85 (57.4) 9 76

Tumor location 0.008*
Central 51 (34.5) 17 34
Peripheral 97 (65.5) 13 84

Type of resection 0.007*
Lobectomy 108 (73.0) 16 92
extended resection 40 (27.0) 14 26
sleeve resection 17 (11.5) 5 12
Bilobectomy 13 (8.8) 6 7
Pneumonectomy 10 (6.8) 3 7

TNM stage
i 33 (22.3) 5 28 0.299
ii 40 (27.0) 6 34
iiia 75 (50.7) 19 56

Note: *Statistically significant at p<0.05.
Abbreviations: ASC, adenosquamous carcinoma; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; CTx, chemotherapy; CRTx, chemoradiotherapy.
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Efficacy of EGFR-TKI treatment
Thirty patients harboring sensitizing EGFR mutations, 

including DEL in exon 19 (n=16) and point mutation at 

codon 858 (L858R) in exon 21 (n=14), received EGFR-

TKIs. Of those, 26 patients (86.7%) received EGFR-TKI 

treatment after recurrence, and four (13.3%) received TKIs 

as a postoperative adjuvant therapy. Of these 30 patients, 11 

achieved PR and 12 had SD following EGFR-TKI treatment, 

accounting for a disease control rate of 76.7% (23/30). In the 

non-TKI group (n=118), only 15 patients had had a definitely 

prospective EGFR-mutation test, including 12 with a wild-

type of EGFR and three with an EGFR-sensitizing mutation, 

and 89 patients never had the mutation detections. For the 

remaining 14 cases, the information on EGFR-mutation 

detection was missing.

In the non-TKI group, 21 patients (75.0%) with stage I, 

and all patients with stage II and IIIa disease received four 

to six cycles of CTx after surgery.

Survival analysis
The survival data of one patient in the non-TKI group were 

missing. Overall, 131 patients (88.5%) had died at the last 

follow-up visit. The post-operative OS at 5 years and median 

OS were 1.6% and 31.0 (25.9–36.1) months, respectively. 

The median OS of patients with stage I, II, and IIIA disease 

was 42.0 (34.3–49.7), 31.0 (26.6–35.4), and 24.0 (18.9–29.1) 

months, respectively, and the difference was statistically 

significant (stage I vs IIIa: HR=0.579, 95% CI 0.385–0.872, 

p=0.011; stage II vs IIIa: HR=0.686, 95% CI 0.452–1.043, 

p=0.053) (Figure 1).

Patients in the EGFR-TKI treatment group had a signifi-

cantly better median OS than those in the non-TKI group 

(HR=0.619, 95% CI 0.414–0.927, p=0.034), as shown in 

Figure 2. Univariate analysis demonstrated that pathological 

stages and treatment modalities were significant prognostic 

factors for post-operative OS (Table 2). Further multivariate 

analysis using the Cox proportional hazards model identi-

fied pathological stage (stage I vs IIIa: HR=0.463, 95% CI 

0.293–0.731, p=0.001; stage II vs IIIa: HR=0.565, 95% CI 

0.366–0.871, p=0.010) and the presence of EGFR-TKI treat-

ment (HR=0.471, 95% CI 0.286–0.775, p=0.003) as inde-

pendent prognostic factors of post-operative OS (Table 3).

Discussion
Lung ASC is a highly aggressive disease. The role of CRx/

CRTx is limited because of the aggressive nature of the 
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disease and the mixed components of ASCs, and patients 

with lung ASC usually experience a very short disease-free 

time after surgery. However, information about lung ASC 

is limited and little progress has been made regarding the 

optimal management of ASC patients. This is partly attributed 

to the fact that there are very few patients with ASC, which, 

based on our study, may not be the case.

The ASC patients included in the present study under-

went complete resections, which provided a sufficient 

Table 2 Impact of individual variables on the survival of 
adenosquamous carcinoma patients estimated by univariate analysis

Variable Post-operative OS

Median (95% CI) (months) p-value

gender 0.185
Male 31.0 (26.6–35.4)
Female 31.0 (19.4–42.6)

Age (years) 0.663
≤60 28.0 (21.6–34.4)

>60 32.0 (25.6–38.4)
Smoking 0.728

no 31.0 (22.5–39.5)
Yes 31.0 (24.2–37.8)

Tumor location 0.798
Central 33.0 (22.9–43.1)
Peripheral 31.0 (25.6–36.5)

Type of resection 0.873
Lobectomy 31.0 (14.0–48.0)
extended resection 31.0 (26.5–35.5)

TNM stage 0.017*
i 42.0 (34.3–49.7)
ii 31.0 (26.6–35.4)
iiia 24.0 (18.9–29.1)

Treatment modality 0.034*
EGFR-TKIs 43.0 (31.4–54.6)
CTx/CRTx alone 29.0 (23.7–34.3)

Note: *Statistically significant at p<0.05.
Abbreviations: CTx, chemotherapy; CRTx, chemoradiotherapy; EGFR, epidermal 
growth factor receptor; OS, overall survival; TKI, tyrosine kinase inhibitor. 

Table 3 Multivariate analysis

Variable Post-operative OS

HR 95% CI p-value

TNM stage
i 0.463 0.293–0.731 0.001*
ii 0.565 0.366–0.871 0.010*
iiia Ref.

Treatment after surgery
EGFR-TKIs 0.471 0.286–0.775 0.003*
CTx/CRTx alone Ref.

Note: *Statistically significant at p<0.05.
Abbreviations: CTx, chemotherapy; CRTx, chemoradiotherapy; EGFR, epidermal 
growth factor receptor; OS, overall survival; TKI, tyrosine kinase inhibitor; Ref., 
Reference.

number of specimens for diagnosis. By contrast, cytological 

analysis or small biopsy provides limited diagnostic informa-

tion and thus may not be truly representative of lung cancer 

with a mixed histology.8–10,17 Sixty-seven patients with post-

operatively pathologically proven ASCs were pre-operatively 

misdiagnosed as having SCC (n=26), poorly differentiated 

SCC (n=20), AC (n=20), or large cell carcinoma (n=1) 

through cytology (diagnostic fine-needle aspiration or bron-

chial brush and lavage) or bronchial biopsy. This indicates 

a discrepancy in the diagnostic outcomes of ASC between 

pre-operative evaluations based on cytology or bronchial 

biopsy and post-operative diagnosis by immunohistochem-

istry, suggesting a diagnostic dilemma for ASC cases treated 

by non-resection approaches. This is an important issue in 

potential cases of ASC that are not surgical candidates, as 

patients with advanced-stage ASC who are misdiagnosed 

as SCC may miss out on the benefits of EGFR-mutation 

tests and TKI treatment. In addition, AC is one of the most 

frequent pre-operative diagnoses in our current series of 

ASC cases. Misdiagnosis can lead to severe complications, 

as SCC histology is associated with a high risk of pulmonary 

hemorrhage when treated with bevacizumab.13 Therefore, 

the identification of specific biomarkers of ASC is essential. 

In addition, our study may provide a possible interpretation 

of the histological differentiation between pre- and post-

treatment in lung cancer cases showing “transdifferentiation” 

between SCC and AC caused by drug treatment stress.18,19 

Some of these cases are associated with the high heteroge-

neity of the ASC and the inadequate sampling, rather than 

real transdifferentiation.

The incidence of EGFR mutations and the efficacy 

of EGFR-TKIs have been mainly evaluated in lung AC. 

However, in patients with non-AC NSCLCs, the value of 

detecting EGFR mutations remains unclear.20 In patients with 

ASC, genetic mutations are rarely evaluated, and research 

on the efficacy of EGFR-TKIs in ASC patients with EGFR 

mutations is limited. This is partly due to its rarity and the 

unclear value of assessing oncogenic mutations in ASCs. 

As a result, few relevant papers have been published, and 

most of these are retrospective evaluations of the frequency 

of EGFR mutations in ASCs.21–25 The present study com-

pared EGFR-TKIs to conventional CTx in patients with 

lung ASCs. Survival comparisons between ASC patients 

with EGFR-sensitizing mutations who were treated with 

EGFR-TKIs and unselected ASC patients treated with CRx/

CRTx alone after surgery indicated that ASC patients with 

EGFR-sensitizing mutations could benefit significantly from 

EGFR-TKI treatment.
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The paucity of studies on the efficacy of EGFR-TKIs in 

lung ASC patients can be attributed to several factors, such as 

the relative rarity of ASC patients and the lack of awareness of 

the clinical significance of mutation tests in non-AC lung can-

cers. However, the insufficient diagnostic information provided 

by non-resected biopsies may be another contributory factor.

One of the major limitations of this study was the small 

sample size of ASC patients treated with TKIs. In addition, 

the frequency of EGFR mutations in the present cohort was 

not investigated. Therefore, both patients with mutant and 

wild-type EGFR may have been included in the non-TKI 

group, which may compromise the comparison of patient 

survival between the TKI and non-TKI groups. However, 

studies have shown no significant survival difference between 

adenosquamous lung cancer patients with wild-type EGFR 

and those with a mutation.21,23 In addition, the specific com-

ponent within ASCs harboring EGFR mutations could not 

be identified because microdissection was not performed, 

and the mixed components were assessed separately. Finally, 

the effect of the different proportions of structural compo-

nents within ASCs on the treatment response to TKIs was 

not evaluated because of the small sample size. Therefore, 

further studies are warranted.

Conclusion
The accuracy of non-resection approaches for the histological 

classification of lung ASC was relatively low, and a consider-

able number of potential ASC patients may miss out on opti-

mal treatment owing to incorrect diagnostic information from 

the non-resected biopsies. EGFR mutation-positive ASC 

patients could achieve good disease control after EGFR-TKI 

treatment, and experience a significantly improved prognosis 

from EGFR-TKI treatment in comparison with unselected 

patients receiving standard CTx alone.
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