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Background: Adenosquamous carcinoma (ASC) is a rare and aggressive histologic subtype of non-small 
cell lung cancer (NSCLC). Little is known about the prognostic significance of routine immunohistochemical 
(IHC) markers and clinical value of adjuvant radiotherapy in completely resected lung ASC.
Methods: Consecutive patients with pathologically confirmed lung ASC receiving curative resection from 
January 2007 to December 2017 at our center were retrospectively reviewed. The prognostic significance of 
14 routine IHC markers and potential candidate of adjuvant radiotherapy were investigated.
Results: With a median follow up of 35 (range, 3.0–138) months, 95 out of the 176 enrolled patients had 
disease recurrence. The 1-, 3- and 5-year cumulative rate of recurrence was 25.8%, 55.8% and 63.1%, 
respectively. Using the Cox proportional hazard regression model, T stage, N stage, lymphovascular invasion 
(LVI), expression of CEA, expression of p53, but not EGFR mutations or expression of the other 12 IHC 
markers (CK20, CK5/6, PE10, ERCC1, Napsin A, RRM1, Ki67, CK7, P63, EGFR, HER2, TTF1), were 
significantly associated with postoperative recurrence. N stage, expression of CEA and LVI were identified 
as independent prognosticators of overall recurrence. Using competing risk methodology and distant 
recurrence chosen as a competing risk, T stage and N stage were identified as significant risk factors of loco-
regional recurrence. Moreover, adjuvant radiotherapy significantly improved disease-free survival (DFS) 
(P=0.002) and was associated with non-significant longer overall survival (OS) (P=0.078) among 95 patients 
with either pathological T3–4 or N+ disease (collectively defined as pT3–4/N

+ disease).
Conclusions: This study provides the proof of concept for using routine IHC markers, along with 
common clinic-pathological parameters, in predicting postoperative recurrence and identifying potential 
candidate for adjuvant radiotherapy in completely resected lung ASC.
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Introduction

Lung adenosquamous carcinoma (ASC), consisting of 
histologic components of both squamous cell carcinoma 
and adenocarcinoma, with each component accounting for 
at least 10% of the tumor, comprises 0.4–4% of all lung 
cancers (1,2). Several clinic-pathological variables have 
been found as prognostic biomarkers in surgically resected 
lung ASC, including pathological subtype, sex, and TNM 
stage (3,4). However, the prognostic significance of routine 
immunohistochemical (IHC) markers, such as CEA, p53, 
CK20, CK5/6, PE10, ERCC1, Napsin A, RRM1, Ki67, 
CK7, P63, EGFR, HER2 and TTF1, remains elusive in 
lung ASC.

Lung ASC is reported to be more aggressive than 
the major types of non-small cell lung cancer (NSCLC) 
and postoperative recurrence poses a great challenge 
to surgeons and oncologists (2,5). In order to optimize 
adjuvant therapy for completely resected lung ASC, the 
clinical patterns and risk factors of postoperative recurrence 
should be investigated (6). Additionally, the clinical value of 
adjuvant radiotherapy remain controversial. Postoperative 
radiotherapy has repeatedly been demonstrated to 
improve survival among patients with pN2 NSCLC in 
retrospective studies and large population cohorts, but 
has not been justified in prospective randomized clinical 
trials (7-10). Whereas, the clinical value and potential 
candidate of adjuvant radiotherapy in lung ASC are seldom 
reported. Additionally, we presented the following article 
in accordance with the STROBE reporting checklist (11) 
(available at http://dx.doi.org/10.21037/jtd-20-1979).

Methods

Patients

Consecutive patients who underwent surgical resection 
wi th  cura t i ve  in tent ion  and  had  pa tho log ica l l y 
confirmed lung ASC from January 2007 to December 
2017, were retrospectively enrolled. Exclusion criteria 
included neoadjuvant therapy, a second primary tumor, 
compromised resection, positive surgical margins, and 
death due to surgical complications. The main reason that 
patients receiving neoadjuvant therapy were excluded was 
neoadjuvant therapy may significantly alter the incidence 
and clinical patterns of postoperative recurrence. Our 
study followed The Declaration of Helsinki (as revised in 
2013). The institutional review board of Fudan University 
Shanghai Cancer Center approved the study (approval 

number 090977-1). Informed consent was waived by the 
institutional review board because this was a retrospective 
study.

For each pat ient ,  common cl inic-pathological 
parameters, including age, sex, tumor size, TNM stage, 
tumor differentiation, tumor histology, lymphovascular 
invasion (LVI), visceral pleural invasion (VPI) and EGFR 
mutation status, were gathered from electronic medical 
records. Pathologic TNM stage was in accordance with 
the eighth edition Lung Cancer Stage Classification (12). 
Tumor differentiation was determined on the basis of the 
2015 World Health Organization Classification of Tumors 
of the Lung, Pleura, Thymus and Heart (13). Patients were 
divided into three pathological subtypes: adenocarcinoma-
predominant, squamous cell carcinoma-predominant 
and balanced, according to the criteria proposed by 
Gawrychowski (14). EGFR mutations were detected using 
the amplification-refractory mutation system (AMRS) 
method. Moreover, data on the expression of CEA, p53, 
CK20, CK5/6, PE10, ERCC1, Napsin A, RRM1, Ki67, 
CK7, P63, EGFR, HER2 and TTF1, were collected for 
each patient. IHC staining and evaluation were routinely 
performed in the Immunohistochemistry Diagnostic 
Laboratory of our cancer center.

Treatment

Curative surgery was carried out for each patient with 
systematic multilevel mediastinal lymph node dissection 
or adequate mediastinal sampling. Adjuvant radiotherapy 
was performed in line with our institutional protocol (15), 
using the intensity-modulated radiation therapy technique 
employing a linear accelerator with 6-MV X-rays. The 
total dose was generally about 50.4 Gy, prescribed to 
the planning target volume and administered 1.8 Gy per 
fraction daily, 5 days per week. The decision of adjuvant 
radiotherapy was at the discretion of the treating physicians.

Follow-up

Follow up was at the discretion of the treating physicians, 
with chest computed tomography (CT) scans and 
ultrasonography of abdominal and cervical regions regularly 
performed, while brain magnetic resonance imaging (MRI) 
and bone scanning were not mandatory. In general, patients 
were followed up every 3 months in the first 2 years, every  
6 months in the third to fifth years after surgery, and 
annually thereafter, in the clinic. Telephone follow-up calls 
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were also implemented.
Postoperative recurrence was diagnosed considering 

al l  the evidence provided by CT, MRI,  positron 
emission tomography-CT (PET-CT) scan or pathologic 
confirmation, and the initial sites of relapse were recorded. 
Postoperative recurrence developed in any site of the body 
was called overall recurrence. Postoperative recurrence 
was categorized into five groups according to the 
anatomic locations: thoracic recurrence, brain recurrence, 
neck recurrence, abdominal recurrence, and bone 
recurrence, which was called site-specific recurrence. The 
corresponding recurrences were simultaneously counted 
for patients who developed postoperative recurrence in 
more than one regions. Moreover, postoperative recurrence 
developed at the resection margin, the anastomosis, the 
mediastinal lymph nodes, or the ipsilateral hilar lymph 
nodes, were considered as loco-regional recurrence. 
Otherwise, it was defined as distant recurrence.

Statistical analysis

Disease-free survival (DFS) was calculated from the date 
of surgery to the documentation of initial postoperative 
recurrence or death due to any causes. Kaplan-Meier 
method was used to estimate survival, and differences 
among groups were investigated by the log-rank test. 
The prognosticators of overall recurrence were identified 
using the Cox proportional hazard regression model. 
The indicators of loco-regional recurrence were selected 
using competing risk methodology and Stata version 13.1 
software (StataCorp, College Station, TX, USA). The time 
to site-specific recurrence or loco-regional recurrence, was 
censored by the time of documentation of postoperative 
recurrence, among patients who developed other types of 
recurrences first. Statistical analysis was performed using 
SPSS 21.0 (SPSS, Chicago, IL, USA). All assessment is 
considered to be significant when two-sided P value is less 
than 0.05.

Results

Patient characteristics

A total of 176 patients were enrolled in this study and a 
flowchart for patient selection in this study was presented 
in Figure S1. Detailed disease characteristics of the 
enrolled patients, are illustrated in Table 1. Of note, EGFR 
mutations were detected in 97 patients, including 44 EGFR 

Table 1 Disease characteristics

Characteristics Number (n=176) %

Age

≤60 61 34.7

>60 115 65.3

Sex

Female 62 36.0

Male 114 64.0

Smoking history

Never 77 43.8

Ever 99 56.2

T stage

T1 85 48.3

T2 57 32.4

T3 23 13.1

T4 11 6.2

N stage

N0 97 55.1

N1 33 18.8

N2 46 26.1

TNM stage

I 72 40.9

II 40 22.7

III 64 36.4

Pathological subtype

AC-predominant 70 39.8

SCC-predominant 67 38.1

Balanced 39 22.1

EGFR mutation

WT 79 44.9

MT 97 55.1

LVI

Absent 128 72.7

Present 48 27.3

VPI

Absent 143 81.2

Present 33 18.8

PNI

Absent 162 92.0

Present 14 8.0

AC, adenocarcinoma; SCC, squamous cell carcinoma; WT, wild 
type; MT, mutant; LVI, lymphovascular invasion; VPI, visceral 
pleural invasion; PNI, perineural invasion.
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L858R mutations, 49 EGFR exon 19 deletions, 1 EGFR 
G719X mutation, 1 EGFR T790M mutation and 2 EGFR 
exon 20 insertions.

In addition, the positive rate of CEA, p53, CK20, CK5/6, 
PE10, ERCC1, Napsin A, RRM1, CK7, P63, EGFR, 
HER2 and TTF1, was 64.2%, 78.9%, 9.5%, 71.2%, 45.8%, 
64.9%, 68.9%, 81.7%, 89.7%, 81.7%, 77.1%, 41.4% and 
77.1%, respectively. The expression of Ki67 lower than 
50% was detected in 107 (60.8%) patients, and no less than 
50% was detected in the rest 69 (39.2%) patients.

Patterns of postoperative recurrence

Post-surgery, 110 patients received adjuvant systematic 
therapy, consisting of chemotherapy in 101 patients, 
EGFR targeted therapy in seven patients, a combination 
of chemotherapy and EGFR targeted therapy in two 
patients. Besides, 35 patients received adjuvant radiotherapy 
according to the institutional guideline developed in  
2004 (15). In addition, 63 patients did not receive any 
adjuvant treatment. With a median follow up of 35.0 
(range, 3.0–138.0) months, disease recurrence occurred 
in 95 patients. The 1-, 3-, 5- and 10-year cumulative 
rate of recurrence was 25.8%, 55.8%, 63.1% and 76.5%, 
respectively.

The pattern of postoperative recurrence was displayed 
in Figure 1A, and the frequencies of initial recurrence in 
the thorax, brain, bone, abdomen and neck, were 53.7%, 
16.8%, 14.7%, 4.2% and 1.1%, respectively. In addition, 
nine patients developed their initial relapse in more 
than one sites simultaneously. In terms of loco-regional 
recurrence, initial recurrence at the anastomosis of the 

surgery was observed in four patients and initial relapse in 
the mediastinal or hilar lymph nodes was observed in 14 
patients.

Prognosticators of postoperative recurrence

Univariate Cox regression analyses revealed that T stage, 
N stage, LVI, as well as expression of p53 and CEA, were 
significantly associated with overall recurrence. Of note, 
EGFR mutations was not associated with overall recurrence 
(P=0.824). Multivariate Cox regression analyses identified 
N stage, LVI and expression of CEA as independent 
prognosticators (Table 2). Specifically, among patients 
with positive expression of CEA, the 1-, 3-, 5- and 10-year  
cumulative rate of recurrence were 26.0%, 65.4%, 76.6% 
and 87.5%, respectively. Conversely, among patients with 
negative expression of CEA, the 1-, 3-, 5- and 10-year  
cumulative rate of recurrence were 25.8%, 42.8%, 42.8% 
and 48.5%, respectively. On the other hand, among 
patients with negative expression of p53, the 1-, 3-, 5- and  
10-year cumulative rate of recurrence were 23.2%, 53.9%, 
56.8% and 62.3%, respectively. While, among patients 
with positive expression of p53, the 1-, 3-, 5- and 10-year 
cumulative rate of recurrence were 35.3%, 62.5%, 81.2% 
and 93.0%, respectively (Figure 1B).

Furthermore, using distant recurrence as a competing 
risk, T stage (T3–4 vs. T1–2) and N stage (N1–2 vs. N0), 
were found to be significantly associated with higher risk of 
loco-regional recurrence, with a hazard ratio (HR) of 1.402 
[95% confidential interval (CI): 1.237–2.438, P=0.042] and 
2.871 (95% CI: 1.8353–4.197, P=0.038), respectively. None 
of the other clinic-pathological parameters or IHC markers 

Figure 1 Patterns of initial recurrence in curative resected lung ASC. (A) Pie chart demonstrating the distribution of initial recurrence site; (B) 
cumulative incidence of postoperative recurrence in the whole population (all) or stratified by the expression status of CEA and p53. ASC, 
adenosquamous carcinoma.
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listed in Table 2 were demonstrated to be significantly 
associated with loco-regional recurrence.

Clinical value of adjuvant radiotherapy

As has been mentioned above, advanced T stage (T3–4) and 
N stage (N+) were significantly associated with loco-regional 
recurrence, we set out to investigate the clinical value of 
adjuvant radiotherapy in patients with either T3–4 disease 
or N+ disease (defined collectively as pT3–4/N+). There 

were 95 patients with pT3–4/N
+ disease in this study and the 

baseline disease characteristics of those received adjuvant 
radiotherapy (n=33) and those did not (n=62) were generally 
balanced (Table S1). Among these 95 patients, adjuvant 
radiotherapy was associated with improved DFS (16.0 vs. 
34.0 months, P=0.002) (Figure 2A) and non-significantly 
longer overall survival (OS) (Figure 2B).

By the time of data cut off, 48 patients had died and 
the 1-, 3-, 5- and 10-year OS were 92.7% (95% CI: 
90.7–94.7%), 74.8% (95% CI: 71.0–78.6%), 65.9% (95% 

Table 2 Cox proportional hazard analyses of clinic-pathological parameters and IHC markers associated with overall recurrence

Variables
Univariate analyses Multivariate analyses

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

Age (≤60 vs. >60) 0.74 (0.46–1.19) 0.219

Sex (female vs. male) 1.29 (0.73–2.28) 0.389

Smoking (never vs. ever) 0.74 (0.42–1.30) 0.293

LVI (– vs. +) 1.99 (1.22–2.92) 0.004 1.62 (1.04–2.72) 0.034

PNI (– vs. +) 1.82 (0.93–3.79) 0.077

VPI (– vs. +) 1.35 (0.77–2.36) 0.302

T stage (T1–2 vs. T3–4) 1.95 (1.30–2.92) 0.001 1.45 (0.95–2.23) 0.087

N stage (N0 vs. N1–2) 2.28 (1.52–3.43) <0.001 1.95 (1.12–2.78) 0.012

Pathologic subtype* 1.77 (0.91–3.72) 0.079

EGFR (WT vs. MT) 0.93 (0.51–1.72) 0.824

CK20 (– vs. +) 0.94 (0.64–1.37) 0.732

CK5/6 (– vs. +) 1.10 (0.67–1.78) 0.716

PE10 (– vs. +) 0.84 (0.60–1.18) 0.324

ERCC1 (– vs. +) 0.80 (0.50–1.30) 0.372

Napsin A (– vs. +) 1.00 (0.65–1.54) 0.997

RRM1 (– vs. +) 0.94 (0.55–1.60) 0.814

CEA (– vs. +) 1.91 (1.23–2.98) 0.014 1.49 (1.08–2.64) 0.041

Ki67 (<50% vs. ≥50%) 1.87 (0.92–5.21) 0.067

CK7 (– vs. +) 0.92 (0.53–1.60) 0.758

P63 (– vs. +) 1.31 (0.75–2.28) 0.343

EGFR (– vs. +) 1.39 (0.81–2.39) 0.232

HER2 (– vs. +) 0.81 (0.52–1.24) 0.328

P53 (– vs. +) 1.69 (1.08–2.63) 0.019 1.49 (0.95–2.33) 0.090

TTF1 (– vs. +) 1.08 (0.63–1.83) 0.809

*, Balanced vs. non-balanced (adenocarcinoma- or squamous cell carcinoma-predominant). HR, hazard ratio; CI, confidential interval; LVI, 
lymphovascular invasion; PNI, perineural invasion; VPI, visceral pleural invasion; WT, wild type; MT, mutant.
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CI: 61.4–70.4%) and 48.3% (95% CI: 40.1–56.5%), 
respectively. Univariate Cox regression analyses discovered 
that T stage, N stage and LVI were significantly associated 
with OS. Multivariate Cox regression analyses demonstrated 
that only N stage was an independent predictor of OS  
(Table 3).

Discussion

Previous investigations have identified several prognostic 
biomarkers in surgically resected lung ASC (2-4,6), but 
few studies have examined the prognostic significance of 
routine IHC markers and the clinical value of adjuvant 
radiotherapy in completely resected lung ASC. To the 
best of our knowledge, this is the first study incorporating 
common clinic-pathological parameters and a large panel 
of routine IHC markers to predict postoperative recurrence 
and identify potential candidate for adjuvant radiotherapy 
in lung ASC.

Recent studies have shed light on the prognostic values 
of routine IHC markers in lung cancer (16-19) and our 
study demonstrated that the expression status of CEA 
and p53 may serve as powerful biomarkers in lung ASC. 
Expression of CEA is shown to be associated with shorter 
survival in colorectal cancer (20) and the prognostic 
significance of serum CEA in NSCLC has been repeatedly 
demonstrated (21-23). In addition, expression of p53 is 
found to be prognostic in various human cancers, such 
as breast cancer (24), NSCLC (19), gastric cancer (25), 
bladder cancer (26) and cervical adenocarcinoma (27). In 
the current study, expression of CEA and p53, along with 

T stage, N stage and LVI, were found to be significantly 
associated with postoperative recurrence in lung ASC, 
which were generally consistent with previous studies. All 
these five clinic-pathological variables are easy to collect 
from routine clinical practice, which could facilitate the 
process of decision-making for treating physicians.

The prognostic significance of EGFR mutations 
in NSCLC remain controversial and it has not been 
specifically examined in lung ASC. In the current study, 
EGFR mutations were detected in 55.1% of patients, 
the frequency of which was comparable to previous 
studies conducted in Asian populations (28-30). Of note, 
among patients with non-squamous NSCLC and lung 
ASC, EGFR mutations are detected in a similar rate and 
EGFR tyrosine kinase inhibitors are reported to induce 
similar efficacy (31,32). Moreover, EGFR mutations are 
reported to be detected in both components of squamous 
cell carcinoma and adenocarcinoma from the same lung 
ASC patient (2). All of these support the hypothesis that 
the two different histological components of lung ASC 
originate from common precursors (2,33). Additionally, 
a recent meta-analysis including 19 relevant studies and a 
total of 4,872 surgically resected NSCLC patients found 
that EGFR mutations was not associated with DFS (34). 
Moreover, a Japanese study including 32 lung ASC patients 
demonstrated that EGFR mutations were not associated 
with recurrence-free survival or OS (35), which was 
reproduced by our study with a larger sample size.

Other common prognostic parameters,  such as 
pathological subtype and sex, are reported to be prognostic 
in surgically resected lung ASC, which however were 

Figure 2 Prognostic significance of adjuvant radiotherapy in lung ASC. Kaplan-Meier survival curve of DFS (A) and OS (B) stratified by 
the status of adjuvant RT among patients with pT3–4/N

+ disease. ASC, adenosquamous carcinoma; DFS, disease-free survival; OS, overall 
survival; RT, radiotherapy.
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Table 3 Cox proportional hazard analyses of clinic-pathological parameters and IHC markers associated with OS

Variables
Univariate analyses Multivariate analyses

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

Age (≤60 vs. >60) 0.81 (0.43–1.52) 0.515

Sex (female vs. male) 1.32 (0.71–2.47) 0.378

Smoking (never vs. ever) 0.78 (0.44–1.38) 0.395

LVI (– vs. +) 2.04 (1.11–3.76) 0.022 1.25 (0.83–2.92) 0.469

PNI (– vs. +) 1.65 (0.70–3.89) 0.252

VPI (– vs. +) 1.44 (0.66–3.14) 0.354

T stage (T1–2 vs. T3–4) 2.13 (1.18–3.76) 0.012 1.33 (0.70–2.53) 0.388

N stage (N0 vs. N1–2) 3.02 (1.65–5.52) <0.001 2.48 (1.28–4.82) 0.007

Pathologic subtype* 1.26 (0.74–2.18) 0.341

EGFR (WT vs. MT) 0.77 (0.33–1.76) 0.351

CK20 (– vs. +) 1.04 (0.62–1.75) 0.885

CK5/6 (– vs. +) 1.29 (0.66–2.54) 0.458

PE10 (– vs. +) 0.80 (0.41–1.56) 0.513

ERCC1 (– vs. +) 0.93 (0.47–1.84) 0.831

Napsin A (– vs. +) 1.24 (0.70–2.20) 0.468

RRM1 (– vs. +) 0.87 (0.41–1.85) 0.707

CEA (– vs. +) 1.42 (0.78–2.58) 0.256

Ki67 (<50% vs. ≥50%) 1.07 (0.55–1.74) 0.935

CK7 (– vs. +) 0.82 (0.38–1.77) 0.608

P63 (– vs. +) 0.78 (0.38–1.63) 0.513

EGFR (– vs. +) 1.17 (0.55–2.47) 0.683

HER2 (– vs. +) 0.93 (0.51–1.68) 0.804

P53 (– vs. +) 1.45 (0.78–2.71) 0.237

TTF1 (– vs. +) 0.74 (0.38–1.43) 0.369

*, Balanced vs. non-balanced (adenocarcinoma- or squamous cell carcinoma-predominant). OS, overall survival; HR, hazard ratio; CI, 
confidential interval; LVI, lymphovascular invasion; PNI, perineural invasion; VPI, visceral pleural invasion; WT, wild type; MT, mutant.

not reproduced in our study. Pathological subtype was 
repeatedly found to be an important prognostic factor 
among surgically resected lung ASC (3,4,14). However, the 
results were conflicting, as patients with balanced subtype 
were demonstrated to have superior prognosis in two of 
the studies (4,14), but were revealed to have worse survival 
than those with squamous cell carcinoma-predominant 
subtype in another study (3). In the current study, there 
was a trend toward better prognosis of balanced subtype 
compared with the other two pathological subtypes, however 

the different did not reach statistical significance (P=0.079). 
Larger prospective studies including patients treated with 
modern surgical techniques and cutting-edge biological 
therapies (such as targeted therapy and immune checkpoint 
inhibitors) are needed to further examined the prognostic 
role of pathological subtypes. Similarly, sex was found to be 
prognostic in surgically resected lung ASC (3), but was not 
reproduced by other studies (4,6,14) as well as our study. As 
a retrospective study, we could not gather the information 
on the mutation status of several other common driver 
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mutations in NSCLC, such as ALK, ROS1, KRAS and RET. 
The prognostic significance of these molecular aberrations 
remain unknown in surgically resected lung ASC.

The clinical value of adjuvant radiotherapy in lung ASC 
has not been fully investigated and our study identified 
subgroup of patients who may benefit from adjuvant 
radiotherapy. Postoperative radiotherapy has been 
suggested to be beneficial for stage III/N2 NSCLC (7,8) 
and previous studies from our center had demonstrated 
similar results (15,36). However, the clinical value of 
adjuvant radiotherapy in lung ASC is seldom reported. 
Since accumulating data indicate that lung ASC is more 
aggressive than common NSCLC (2,5,6), we hypothesized 
that adjuvant radiotherapy may provide survival benefit 
in a larger subset of patients with lung ASC. In our study, 
advanced T stage (T3–4) and N stage (N+) were found to 
be significantly associated with loco-regional recurrence, 
which may otherwise be prevented by postoperative 
radiotherapy. Hence, we set out to investigate the clinical 
value of adjuvant radiotherapy among patients with  
pT3–4/N

+ disease. Indeed, adjuvant radiotherapy significantly 
improved DFS and tended to prolong OS for patients with 
pT3–4/N

+ lung ASC in our study. Of note, all of the patients 
with pT3–4/N

+ disease received adjuvant systematic therapy 
and the baseline disease characteristics between patients 
who received adjuvant radiotherapy and those who didn’t 
were generally well balanced. To the best of our knowledge, 
this is the first study to identify potential candidate for 
adjuvant radiotherapy in lung ASC, which need to be 
verified in larger prospective studies.

Our study also has some limitations. Due to the nature 
of retrospective study, the clinical values of adjuvant 
radiotherapy need to be interpreted with caution, as 
certain selection bias may exist. Second, postoperative 
follow-ups were generally at the discretion of the treating 
physicians and patients with asymptomatic recurrence may 
be underestimated, especially for those with brain and/or 
bone metastases, as brain MRI and bone scanning were not 
mandatory.

In conclusion, our study indicates that expression status 
of CEA and p53 are powerful biomarkers in curatively 
resected lung ASC. Adjuvant radiotherapy provided survival 
benefit among pT3–4/N

+ lung ASC.
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Supplementary

Figure S1 Flowchart of patient enrollment. FUSCC, Fudan University Shanghai Cancer Center.

9 patients lost to follow-up

Patients who had curative resection and 

confirmed adenosquamous carcinoma from 

January 2007 to December 2017 at FUSCC 

(n=208)

Completely resected lung adenosquamous 

carcinoma without secondary malignancy 

(n=197)

Completely resected lung adenosquamous 

carcinoma without neoadjuvant therapy 

(n=185)

Patients finally enrolled (n=176)

7 patients had a second primary tumor

4 patients had positive surgical margins

12 patients had neoadjuvant therapy



Table S1 Disease characteristics of pT3–4/N
+
 lung ASC (n=95)

Characteristics Received adjuvant RT, n (%) Didn’t receive adjuvant RT, n (%) P

Age 0.471

≤60 15 (15.8) 33 (34.7)

>60 18 (18.9) 29 (30.5)

Sex 0.707

Female 13 (13.7) 22 (23.2)

Male 20 (21.0) 40 (42.1)

Smoking histology 0.978

Never 15 (15.8) 28 (29.5)

Ever 18 (18.9) 34 (35.8)

Pathologic T stage 0.909

T1 9 (9.5) 21 (22.1)

T2 11 (11.6) 19 (20.0)

T3 9 (9.5) 14 (14.7)

T4 4 (4.2) 7 (7.4)

Pathologic N stage 0.651

N0 7 (7.4) 9 (9.5)

N1 10 (10.5) 23 (24.2)

N2 16 (16.8) 30 (31.6)

LVI 0.262

Absent 8 (8.4) 22 (23.2)

Present 25 (26.3) 40 (42.1)

VPI 0.618

Absent 25 (26.3) 44 (46.3)

Present 8 (8.4) 18 (12.6)

PNI 0.926

Absent 30 (31.6) 56 (58.9)

Present 3 (3.2) 6 (6.3)

Pathological subtype 0.988

AC-predominant 13 (13.7) 26 (27.4)

SCC-predominant 12 (12.6) 25 (26.3)

Balanced 5 (5.3) 11 (11.6)

EGFR mutation 0.663

WT 15 (31.6) 32 (58.9)

MT 17 (3.2) 30 (6.3)

RT, radiotherapy; LVI, lymphovascular invasion; VPI, visceral pleural invasion; PNI, perineural invasion; AC, adenocarcinoma; SCC, 
squamous cell carcinoma; WT, wild type; MT, mutant.


