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Purpose: The therapeutic efficacy of targeted therapy for adenosquamous carcinoma (ASC)
of the lung remains unclear and the role of epidermal growth factor receptor (EGFR) testing
in patients with ASC also remains controversial. We aimed to analyze the efficacy of EGFR
tyrosine kinase inhibitors (EGFR-TKIs) in ASC.

Methods: Clinical records of patients with ASC who received treatment with EGFR-TKIs
between January 2006 and December 2014 at two institutions were retrospectively reviewed.
Results: A total of 27 EGFR mutation-positive patients with ASC who received TKI therapy
were enrolled in this study. EGFR mutations included a deletion in exon 19 in 15 cases and
a point mutation at codon 858 (L858R) in exon 21 in 12 cases. Among the 27 ASC patients
who received treatment with EGFR-TKIs, nine had a partial response and 11 achieved stable
disease, accounting for a disease control rate of 74.1% (20/27). The median postoperative
overall survival (OS) of the EGFR-mutant patients who received TKI therapy was 39 months
(95% confidence interval [CI]: 25.6-52.4). The median progression-free survival for EGFR
mutation-positive patients was 15 months (95% CI: 12.9-17.1), and the median relapse OS
was 19 months (95% CI: 0.9-37.1). In addition, the 3- and 5-year postoperative survival rate
was 51.9% and 15.3%, respectively.

Conclusion: ASC patients harboring EGFR mutations had a good response to TKI therapy.
Routine EGFR testing for ASCs was recommended. Further studies on TKI therapy versus
chemotherapy alone for EGFR-mutant ASCs are required.

Keywords: adenosquamous carcinoma of the lung, epidermal growth factor receptor tyrosine
kinase inhibitors, mutation, survival

Introduction
Adenosquamous carcinoma (ASC) of the lung is a rare subtype of non-small cell lung
cancer (NSCLC), comprising 0.4%—4% of all lung cancers.!*> ASC has the feature
of mixed histology, defined as “a carcinoma showing components of both squamous
cell carcinoma (SCC) and adenocarcinoma (ADC), with each comprising at least 10%
of the tumor”, based on the 2015 World Health Organization (WHO) classification
of tumors of the lung.* In addition, ASC is more aggressive and has a worse prognosis
than ADC or SCC,>* suggesting that there are biological differences between these
three histologic types of NSCLC.!

Currently, there is no standard therapy for ASC due to the lack of a deep under-
standing about the molecular characteristics of this disease. It has been reported that
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epidermal growth factor receptor (EGFR) mutations have
been observed frequently in ASC.”#® Unlike lung ADC,
research progress in the treatment of EGFR-targeted therapy
for ASC has not improved over the past decade, and clinical
studies focusing on the efficacy of EGFR tyrosine kinase
inhibitors (EGFR-TKIs) are limited, owing to the low
incidence of ASC. There is one case report of a Japanese
ASC patient harboring EGFR-activating mutations 3 years
following treatment with gefitinib.” A retrospective study
demonstrated that treatment with TKIs was effective in ASC
patients with EGFR mutations.'* However, a pooled analysis
showed that gefitinib is less effective in EGFR-mutant non-
ADC NSCLC compared with EGFR-mutant ADC."" The
therapeutic efficacy of targeted therapy for ASC remains
unclear, and the role of EGFR testing in patients with ASC
also remains controversial.

We clinically characterized EGFR-mutant patients with
ASC who received EGFR-TKI therapy at two institutions,
Shanghai Chest Hospital and Zhongshan Hospital, and ana-
lyzed the efficacy of TKIs in EGFR-mutant patients.

Methods

Patient demographics

A retrospective review of patients from Shanghai Chest
Hospital and Zhongshan Hospital, two institutions located
in the eastern districts of People’s Republic of China, was
performed between January 2006 and December 2014.
Overall, 21,445 patients underwent surgical resection and
were diagnosed with primary NSCLC in our thoracic sur-
gery departments. Of these, 205 primary ASC patients were
retrospectively reviewed, 30 of whom harbored the EGFR
mutation and received TKI therapy. Informed consent was
not required because the review of the patient data was all
anonymous. The study was approved by the Committee for
Ethical Review of Research at Shanghai Cancer Hospital and
the Institutional Ethics Committee of Zhongshan Hospital.
Baseline characteristics included gender, age at diagnosis,
smoking history, and performance status. All data were
abstracted from the electronic medical records by profes-
sional staff. NSCLC staging was performed according to
the seventh tumor, node, and metastases classification.'? The
inclusion criteria were as follows: 1) all patients underwent
surgical treatment with pathologically confirmed primary
ASC postoperatively; 2) all patients were proven to harbor
EGFR mutation; 3) all patients were supplied with TKIs
during the treatment course; 4) disease recurrence was
confirmed using chest and abdomen computed tomography,
brain magnetic resonance imaging, whole body bone scan,
and abdominal ultrasound; 5) at least one measurable lesion;

and 6) a Zubrod—Eastern Cooperative Oncology Group—
WHO performance status of 0-3.

Pathology and EGFR mutation

examination method

To confirm the histology of ASC, each slide was examined
independently by two pathologists. Immunohistochemistry
staining was used for modification of the classification of
adenomatous and squamous carcinomatous components
within ASC. The DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany) was used to analyze DNA extracted from five
serial slices of a 5 um paraffin section. The molecular analysis
of EGFR was performed using an amplification refractory
mutation system following the manufacturer’s protocol of a
DxS EGFR mutation test kit (DxS, Manchester, UK).

Clinical assessment

Tumor responses were assessed by physical examination,
routine laboratory tests, and imaging examination at 4- to
8-week intervals until the lesions were determined to repre-
sent progressive disease (PD). Tumor response was evaluated
based on the Response Evaluation Criteria in Solid Tumors 1.1.
Objective tumor responses were assessed in terms of complete
response (CR), partial response (PR), stable disease (SD), and
PD. An objective response rate (ORR) included both CR and
PR. Disease control rate (DCR) was defined as the addition
of objective response and stabilization rates (CR + PR + SD).
Progression-free survival (PFS) was measured from the date
of initiation of EGFR-TKI therapy until the date of the first
documented progression or the last follow-up visit. The post-
operative OS was recorded from the date of surgery to the
date of death or the last follow-up visit, and the relapse OS
was defined as the period from the first documented tumor
relapse to death or the final follow-up visit.

Follow-up

Generally, all patients were instructed to undergo routine
imaging, laboratory tests, and physical examinations at 4- to
8-week intervals. The indication for adjuvant therapy after
surgery in our department was stage IB in high-risk patients
or stage II or higher disease. High-risk patients included
those with poorly differentiated tumors, vascular invasion,
tumors >4 c¢m, and visceral pleural involvement. All patients
in the present study received 4—6 cycles of adjuvant platinum-
based chemotherapy. The primary end points of the study
were OS and PFS. Follow-up data were obtained through
routine clinical follow-up and via telephone by our team
members. All patients evaluated for TKI tumor response had
a PFS and three patients were lost to follow-up. The median
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follow-up period was 39.4 months (range: 7—68 months); the
last follow-up visit was on May 1, 2016.

Statistical methods

Demographic and clinical data were summarized as medians
with a range of continuous variables; categorical variables
were expressed and summarized by means of absolute
numbers and percentages. Categorical variables were com-
pared using the chi-squared test. Survival curves were cal-
culated according to the method of Kaplan—Meier. Analyses
were conducted using the SPSS software (version 22.0; IBM
Corporation, Chicago, IL, USA).

Results

Patient characteristics

Overall, 27 patients with ASC and harboring EGFR muta-
tions were enrolled. EGFR mutations included: deletion in
exon 19 in 15 cases (55.6%) and point mutation at codon
858 (L858R) in exon 21 in 12 cases (44.4%), including one
with an additional substitution of threonine 790 with methi-
onine (T790M) and one with an exon 20 insertion mutation.
The median patient age was 54 (range: 34—72) years. Seven
patients (25%) had a history of smoking. Twenty-four patients
(88.9%) received radical surgeries after diagnosis while others
underwent palliative surgery. Most patients were pathologi-
cally staged as IIIA after surgery (n=19, 70.4%) while the
remainder included one patient each with stage IA, 1B, IIA,
1IB, I1IB, and three with stage IV disease. TKI therapy was
administered to all these patients using gefitinib, erlotinib, or
icotinib. Eight patients (29.6%) received TKI therapy as first-
line treatment and 19 as second-line treatment. Patients who
received first-line treatment underwent chemotherapy after
the recurrence of TKI, and patients who recurred after initial
chemotherapy received TKI as second-line treatment.

All patients were divided into two groups: seven pre-
sented with local recurrence before receiving EGFR-TKI
therapy (group 1), and 20 presented with metastasis before
taking the EGFR-TKI therapy (group 2). Baseline charac-
teristics of patients are listed in Table 1.

Efficacy and survival
Among the 27 ASC patients who received EGFR-TKI treat-
ment, nine had PR and 11 patients achieved SD, accounting
for a DCR of 74.1% (20/27; group 1 vs 2, 85.7% vs 70%,
P=0.414), while the ORR was 33.3% (9/27; group 1 vs 2,
42.9% vs 30%, P=0.535). Twenty-one patients died during
the follow-up period.

The median PFS during TKI treatment was 12 months
(95% confidence interval [CI]: 9.1-14.9; group 1 vs 2,

Table | Clinical characteristics of patients with adenosquamous
carcinoma of the lung

Variables N=27 %
Gender
Male I 40.7
Female 16 59.3
PS
| 15 55.6
2 12 44.4
Age
=54 14 51.9
>54 13 48.1
Smoking
Yes 7 25.9
No 20 74.1
Resection
Wedge resection 3 1.1
Lobectomy 13 48.2
Extended resection Il 40.7
Sleeve resection 2
Lobectomy + wedge resection |
Bilobectomy 4
Pneumonectomy 4
TNM stage
IA | 37
B | 37
A | 3.7
1B | 37
A 19 70.4
1B | 37
\% 3 .1

Abbreviations: PS, performance status; TNM, tumor, node, and metastases.

17 months, 95% CI: 13.7-20.3 vs 10 months, 95% CI:
8.9—-11.1, P=0.037). The median postoperative OS was
39 months (95% CI: 25.6-52.4, group 1 vs 2, 49 months,
95% CI: 34.4-63.6 vs 31 months, 95% CI: 13.5-48.5,
P=0.191), and the median relapse OS was 23 months
(95% CI: 6.6-39.4; group 1 vs 2,23 months, 95% CI: 0.0-55.1
vs 19 months, 95% CI: 8.0-30.0, P=0.500). Additionally, the
3-year postoperative survival rate for patients was 51.9%
(group 1 vs 2, 85.7% vs 40%, P=0.037), while the 5-year
survival rate was 15.3% (group 1 vs 2, 35.7% vs 9.5%,
P=0.064; Figures 1-3).

Because the majority of the patients were stage III
(20/74.1%), it is necessary to comment further about this.
The median postoperative OS as well as 3- and 5-year sur-
vival rates were 39 months (95% CI: 25.4-52.6), 55% and
10.9%, respectively. These results were similar to that seen
in the entire cohort.

Discussion
ASC is an uncommon histological type of lung carcinoma,
comprising only 2.1%—-3.4% of NSCLC.** The cumulative
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Figure | Progression-free survival of patients with ASC of the lung (A), and subgroup analysis for patients from groups | and 2 (B).

Note: Group |, patients with local recurrence; group 2, patients with metastasis.
Abbreviation: ASC, adenosquamous carcinoma.

S-year postoperative survival rate of patients with ASC is
approximately 20%, worse than that of patients with ADC
or SCC (40% for both groups).> In addition, there are few
studies targeting the efficacy of EGFR-TKIs for ASC patients
with an EGFR mutation, with most focusing on the clinical
features and gene mutation frequency. Thus, an investigation
of'the relationship between histological subtypes of ASC and
tumor response to EGFR-TKIs was needed. In this study,
we summarized the clinical outcomes of ASC patients with
EGFR mutations who underwent EGFR-TKI therapy. To our

>

(probability)

Postoperative overall survival

-1 ASC
—— Censored

0.0

T T T T
0 20 40 60

Time (months)

knowledge, the number of EGFR-mutant patients is more
than that of previous studies. We found that the prognosis
of EGFR-mutant ASC patients treated with EGFR-TKIs was
satisfactory and the clinical significance of EGFR testing for
ASCs was promising. Detection of EGFR mutation helped
to select a subgroup of ASC patients who exhibited the best
response to TKIs.

Previous studies have shown that the EGFR mutation
rate in ASC patients was similar to that of ADC patients
(13%—44%)"%13-15 but higher than that of SCC (<4%).!%"
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Figure 2 Postoperative overall survival of patients with ASC of the lung (A), and subgroup analysis for patients from groups | and 2 (B).

Note: Group |, patients with local recurrence; group 2, patients with metastasis.
Abbreviation: ASC, adenosquamous carcinoma.
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Note: Group |, patients with local recurrence; group 2, patients with metastasis.
Abbreviation: ASC, adenosquamous carcinoma.

The study of Jia and Chen’ demonstrated that EGFR muta-
tions were identified in 38.2% of Chinese ASC patients
(n=55), which corresponded with a tumor size of =3 cm.
More importantly, the same EGFR mutation was observed in
both adenocarcinomatous and squamous cell carcinomatous
components. Similar results were found in previous studies.
Wang et al' reported an EGFR mutation rate of 31.6% in
Chinese patients with ASC (n=76), which was found more
frequently in nonsmokers and in tumors larger than 3 cm.
The clinicopathological and mutational characteristics of
ASC were similar to that of ADC, especially for poorly dif-
ferentiated ADC. Kang et al,® in a study of the Korean popula-
tion, found similar frequencies of EGFR mutations in ASC
(44%) and ADC. In addition, female nonsmokers had high
frequency of the EGFR mutation, which was also confirmed
by Sasaki et al, Toyooka et al, and Shi et al.'>8:1?

Multiple clinical studies have demonstrated that gefitinib
is effective as second- or third-line therapy for advanced or
metastatic NSCLC and first-line therapy for EGFR-mutant
patients. On the contrary, the efficacy of ASC with TKIs was
not well known until now, owing to the rarity of this carci-
noma subtype. In our study, the prognosis of EGFR-mutant
ASC patients treated with EGFR-TKIs was satisfactory.

The prognosis of patients with ASC who underwent
surgery and received no target therapy from previous studies
was worse compared with our results. Filosso et al® reported
3- and 5-year survival rates of 25% and 15%, respectively.
The median survival for patients with distant metastasis or
local recurrence was 8 months compared with our results

(51.9%, 15.3%, and 39 months). In the Wang et al study,'
the 2-year survival for patients with ASC was 51.3% com-
pared with ours of 63%. Additionally, a few studies have
investigated the effectiveness of EGFR-TKIs for ASC
patients. A retrospective study conducted by Song et al'
demonstrated that the median PFS of EGFR-mutant ASC
patients was significantly higher than that of the wild-type
group with TKI treatment (8.7 vs 2.1 months). And the
median PFS and median OS for all patients receiving TKIs
was 4.3 and 17.6 months, respectively. Our results were
superior to what has been reported, perhaps because all the
patients in our study were EGFR mutation-positive. In addi-
tion, a case report by Iwanaga et al® showed that a stage I111B
patient with EGFR-mutant ASC who experienced a relapse
after surgery and four cycles of chemotherapy achieved
3 years response with TKI treatment. However, a pooled
analysis by Shukuya et al'' demonstrated that non-ADC
NSCLC patients harboring EGFR mutations with gefitinib
treatment had a median PFS of 3 months (n=33) while that
of ADC was 9.4 months. Those patients included only three
ASC patients. The sample of ASC patients was too small and
most of these non-ADC patients were SCC patients (n=27),
thus resulting in the inferior efficacy.

Considering that ASC has some similarities with ADC
as mentioned previously, it is necessary to discuss the
efficacy of EGFR-TKIs for ADC. According to previous
studies, for patients with NSCLC who received gefitinib
or erlotinib as second- or third-line treatment, the median
PFS and OS ranged from 1.4-3.6 and 5.3-14.8 months,
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with a DCR and ORR of approximately 54.1% and 27.5%,
respectively.?2> In addition, for patients of advanced
NSCLC harboring EGFR mutations who were treated by
TKIs as first-line therapy, the median PFS, OS, and ORR,
respectively, ranged from 8—13.7 months, 19.3-36 months,
and 56%—84.6%.22% Most patients in these studies were
ADC patients. However, treatment efficacy was much
lower in patients with SCC.? In this study, the median PFS,
median postoperative OS, DCR, and ORR were, respec-
tively, 12 months, 39 months, 74.1%, and 33.3%, which
were similar to that of ADC patients with EGFR mutations,
especially for group 2 patients who had metastasis (median
PFS =10 months), but better than those of unselected ADC
patients. This result might owe to the patients in our study
who were in a relatively early stage (IIIA) and received
surgery, compared with patients with advanced disease (I11B
and 1V) and no surgery in those clinical trials mentioned
above.? 2 Therefore, ASC patients could benefit from TKI
therapy, thus suggesting that ASC could be subclassified into
distinct subtypes with different pathogenetic mechanisms
according to EGFR mutation status.

Above all, ASC patients with an EGFR mutation do
respond to EGFR-TKI therapy; however, which structural
components within ASC, either the adenocarcinomatous or
squamous cell carcinomatous components alone or both,
contributed more to the EGFR-TKI treatment response was
unclear. As mentioned previously, the clinical and mutational
characteristics of ASC appear to have more similarities with
those of ADC (EGFR mutation rate and response to TKIs),
which indicated that the two components may share a com-
mon mechanism of pathogenesis. Previous studies showed
that EGFR mutations occurred in both adenocarcinomatous
and squamous cell carcinomatous components. These find-
ings implied that ASC is a monoclonal tumor, suggesting
that squamous cell carcinomatous and adenocarcinomatous
components may derive from common tumor stem cells
and subsequently differentiate into separate histological
types. In other words, ASC is a transitional stage between
ADC and SCC.!314193031 Tt has been supported by a case
report, in which a young light ex-smoker with ASC relapsed
twice with histological changes (from ASC to pure SCC
to pure ADC).*

There are some advantages to our study compared with
previous studies focusing on the efficacy of EGFR-TKI in
ASC.!"!! Most importantly, all patients in our study under-
went surgery, which means that all specimens used to perform
EGFR mutation examination analysis were obtained from
resected tumor tissue. This modality has more advantages

with regard to diagnostic accuracy for ASC, considering
the limitation of cytological or histological transbronchial
needle aspiration or transthoracic needle aspiration data.
Chen et al** found that the accuracy of transbronchial needle
aspiration for the histological classification of lung cancer
was only 63.6%, and 25% for ASC. Next, all cases in this
study were EGFR-mutant patients with ASC who received
TKIs after surgery.

The major limitation of the present study is its retrospec-
tive nature and its small sample size. Additionally, there is
no control group in this study for comparison. However,
even with a few cases in limited clinical trials focusing on
the EGFR-TKI therapy for ASC, our retrospective study can
be considered to be meaningful. Large sample multicenter
randomized clinical trials should be conducted in the future
to verify the efficacy of EGFR-TKIs in ASC patients.

Conclusion

EGFR mutation-positive ASC patients achieved a good
response to EGFR-TKI therapy. Routine EGFR mutation
analysis is important and valuable for selecting the appropri-
ate patients who would best respond to TKI treatment. Further
studies on TKIs versus chemotherapy alone for EGFR-mutant
ASCs are required.
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