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ABSTRACT
Background:  Clinical data is scarce in epidermal growth factor receptor (EGFR)-mutated lung 
squamous cell carcinoma (LUSC), and the resistance mechanisms to EGFR-tyrosine kinase inhibitor 
(TKI) is rarely studied. This study aimed to assess the efficacy of EGFR-TKI treatment in 
EGFR-mutated LUSC patients .
Methods:  Data of a cohort of 99 LUSC patients who were treated with EGFR-TKI and were 
followed up to October 31, 2023.
Results:  The objective response rate (ORR) of EGFR-mutated LUSC patients was higher than that 
of EGFR wild-type patients (44.4% vs 4.4%, p < 0.001). The progression-free survival (PFS) of 
EGFR-mutated LUSC patients receiving EGFR-TKI treatment was significantly longer than that of 
EGFR wild-type patients (6.4 months vs. 1.3 months; p < 0.001). Resistance mechanisms to EGFR-TKI 
in EGFR-mutated LUSC patients included secondary T790M mutations, 19 deletion-insertion 
mutations, MET amplification, histological transformation, and loss of EGFR mutations. The tumor 
immune microenvironment (TIME) of EGFR-mutated LUSC showed a downregulation of CD4 
(p = 0.047) and CD8 (p = 0.14), and an upregulation of PD-L1 (p = 0.0021) after EGFR-TKI treatment 
failure.
Conclusions:  EGFR-mutated LUSC patients receiving EGFR-TKIs treatment had higher ORR and 
longer PFS than EGFR wild-type LUSC patients.

Introduction

Lung cancer stands as the foremost cause of 
cancer-related fatalities worldwide, with squamous cell 
carcinoma being a prevalent histological subtype, con-
stituting approximately 25%–30% of all non-small cell 
lung cancer (NSCLC) cases [1,2]. Within NSCLC, the epi-
dermal growth factor receptor (EGFR) mutation is a 
common driver mutation, with an occurrence rate of 
about 4.4%–5% in lung squamous cell carcinoma 
(LUSC) [3–5]. Molecular targeted therapy has emerged 
as a pivotal treatment option for advanced NSCLC 
patients, with EGFR tyrosine kinase inhibitors (TKI) 
serving as the primary treatment for advanced NSCLC 
patients harboring EGFR mutations [6]. Nevertheless, 
the progression-free survival (PFS) of EGFR-positive 
LUSC patients undergoing EGFR-TKI therapy is notably 

shorter than that of their lung adenocarcinoma coun-
terparts, and there is considerable variability in 
reported EGFR-TKI efficacy in different studies [7–9]. 
Lewis et  al. [10] followed up eight EGFR-mutant LUSC 
patients, and their disease control rate (DCR) was 
87.5% and PFS was 4.9 months after receiving EGFR-TKIs 
as first- or second-line therapy. In another meta-analysis 
[11], a total of 115 EGFR-mutated LUSC patients 
received EGFR-TKIs were included and the pooled anal-
ysis of them showed that their objective response rate 
(ORR), DCR, PFS and overall survival (OS) 39.1%, 71.3%, 
5.6 and 15.0 months, respectively. The precise efficacy 
of EGFR-TKI treatment in EGFR-positive LUSC necessi-
tates further elucidation through additional clinical 
investigations.

EGFR-TKI resistance, culminating in disease progres-
sion, poses an inevitable hurdle for EGFR-positive lung 
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cancer patients subjected to TKI therapy. In lung ade-
nocarcinoma, secondary T790M mutation represents 
the most common mechanism observed with 1st and 
2nd generation EGFR-TKIs. [12]. Nonetheless, research 
into the drug resistance mechanisms in LUSC remains 
sparse. Currently, platinum-based chemotherapy 
remains the preferred option for NSCLC patients con-
fronting EGFR-TKI resistance in the absence of stan-
dard targeted therapies. Regrettably, the PFS for 
patients undergoing chemotherapy merely extends to 
4 to 5 months [13], underscoring the pressing need for 
alternative therapies to enhance patients’ quality of life 
and prolong their survival. In recent years, immune 
checkpoint inhibitors (ICI) have emerged as a pivotal 
component of lung cancer treatment. While first-line 
ICIs have limited benefits for EGFR-mutated NSCLC 
patients [14], clinical investigations are underway to 
assess ICI efficacy in EGFR-mutated NSCLC patients 
with TKI resistance [14,15]. Nevertheless, no specific 
research has been conducted regarding EGFR-mutated 
LUSC patients. This study retrospectively gathers clini-
cal data from LUSC patients treated with EGFR-TKI to 
probe into the efficacy of EGFR-TKI treatment, poten-
tial resistance mechanisms in LUSC patients with 
EGFR-TKI resistance, and the effectiveness of ICI ther-
apy in EGFR-positive LUSC patients. Our aim is to pro-
vide valuable insights for the therapeutic decisions of 
patients facing EGFR-TKI resistance.

Materials and methods

Study cohort

Between January 2015 and January 2022, we identified 
a total of 6505 patients diagnosed with LUSC at Zhejiang 
Cancer Hospital in Hangzhou, China. Among them, 99 
patients with advanced LUSC received EGFR-TKI treat-
ment. We categorized these patients based on their 
EGFR mutation status, with 54 having EGFR-positive and 
45 having EGFR-negative LUSC, all of whom received 
EGFR-TKI therapy. We gathered clinical records, treat-
ment history, and survival data by reviewing medical 
records, and our follow-up extended until October 31, 
2023. Additionally, we divided tumor samples into two 
groups: pre-TKI samples, taken from EGFR-positive LUSC 
patients before EGFR-TKI treatment, and post-TKI sam-
ples, obtained from EGFR-positive LUSC patients who 
developed resistance to EGFR-TKI therapy. We included 
a total of 22 pre-TKI and 11 post-TKI formalin-fixed 
paraffin-embedded (FFPE) samples from 30 EGFR-positive 
patients, with 6 paired pre-TKI and post-TKI samples 
from 3 patients at Zhejiang Cancer Hospital. The study 
design is illustrated in Figure 1.

Molecular analysis

All patients in this study had confirmed LUSC based 
on pathological examination. We retrospectively col-
lected the EGFR gene mutation status from medical 
history data and their gene mutation status using 
amplification refractory mutation system-polymerase 
chain reaction (ARMS-PCR) and next-generation 
sequencing (NGS) before initiating EGFR-TKI treatment. 
Furthermore, we retrospectively collected NGS data 
from 9 EGFR-positive LUSC patients who developed 
resistance to EGFR-TKI therapy. NGS was employed to 
detect gene abnormalities in accordance with the 
guidelines of the College of American Pathologists 
(CAP) [16,17].

Multiplex immunofluorescence staining

For multiplex fluorescence immunohistochemistry 
(mIHC) analysis, a five-color fluorescent kit based on 
tyramide signal amplification (TSA) was employed 
according to the manufacturer’s protocol (abs50029, 
Absin Bioscience, China) [18]. In brief, all slides were 
subjected to deparaffinization in xylene, rehydration, 
and tap water washing before undergoing epitope 
retrieval/microwave treatment in Tris–EDTA buffer (pH 
9; HKI0004, HaoKebio, Hangzhou, China). Endogenous 
peroxidase was then blocked using hydrogen peroxide 
(HKI0046, HaoKebio, Hangzhou, China), and protein 
blocking was performed with fetal bovine serum 
(HKW2084, HaoKebio, Hangzhou, China). Each antigen 
was labeled in one round, including primary antibody 
incubation, secondary antibody incubation, and TSA 
signal amplification, followed by labeling with the next 
antibody. Primary antibodies CD4 (1:600; Abcam; 
Catalog number: ab133616; Clone numbers: EPR6855), 
CD8 (1:200; Abcam; Catalog number: ab237709; Clone 
numbers: CAL66), Foxp3 (1:400; Abcam; Catalog num-
ber: ab215206; Clone numbers: EPR22102-37), PD-L1 
(1:250; Abcam; Catalog number: ab205921; Clone num-
bers: 28–8) were incubated for 2 h at room tempera-
ture. Subsequently, secondary antibody incubation was 
performed for 10 min, followed by TSA signal amplifi-
cation with the five-color fluorescent kit (abs50029, 
Absin Bioscience, China), which included fluorophores 
DAPI, Opal 520 (CD8), Opal 570 (CD4), Opal 620 
(PD-L1), Opal 700 (Foxp3), Opal Polymer HRP Rb, and 
TSA coumarin system. After the final TSA cycle, DAPI 
was counterstained at a 1:200 dilution for 10 min. The 
slides were scanned using the Pannoramic SCAN 150 
(3D Histech, HUN). Visiopharm (Visiopharm, DK) in 
conjunction with hematoxylin and eosin (HE) staining 
was utilized to identify cancerous tissue in the scanned 
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images and calculate the proportion of positive cells 
for each marker.

Statistical analysis

The correlation between EGFR mutation status and 
clinical features was assessed using the Pearson 
Chi-square test. Survival curves were estimated using 
the Kaplan-Meier method and compared through the 
log-rank test. Prognostic factors were analyzed in uni-
variate and multivariate analyses using the Cox pro-
portional hazards model, with hazard ratios (HR) and 
95% confidence intervals (CIs) calculated. In the case 
of mIHC analysis, a normal distribution test was con-
ducted on the expression data for each marker. For 
normally distributed data (CD4, CD8, PD-L1), t-tests 
were applied, while for non-normally distributed data 
(Foxp3), the Mann-Whitney U test was employed. The 
comparison of the proportion of each tumor microen-
vironment immune type (TMIT) based on categorical 

variables was analyzed using the Chi-square test. A 
significance level of p < 0.05 was considered statisti-
cally significant. Statistical analysis was carried out 
using SPSS (version 25.0) and R (version 4.2.1).

Treatment and follow-up

Response evaluation was conducted in accordance 
with the Response Evaluation Criteria in Solid Tumors 
(RECIST guideline 1.1) [19], which defined complete 
response (CR), partial response (PR), stable disease 
(SD), progressive disease (PD), and objective response 
rate (ORR). Progression-free survival (PFS) for patients 
who received EGFR-TKI therapy was calculated from 
the date of TKI therapy initiation to the date of disease 
progression or death. Immunotherapy progression-free 
survival (ICI-PFS) for patients who received ICI therapy 
was calculated from the date of ICI therapy initiation 
to the date of disease progression or death. Overall 
survival (OS) was defined as the time from the 

Figure 1. S ample collection and study design of study.
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diagnosis date of advanced LUSC to the date of death 
or the last follow-up visit (October 31, 2023). By the 
last follow-up, 98 patients had reached the endpoint 
of EGFR-TKI treatment, and 6 patients were still alive.

Results

Patient characteristics

In our study, we included 99 patients with LUSC who 
underwent EGFR-TKI treatment. Their median age was 
64 years (range 39–90 years), and there was a predom-
inance of males (75.7%) over females (24.3%). Among 
these patients, 54 were EGFR positive, and their muta-
tion profiles were as follows: 26 (48.1%) had the 19del 
mutation, 19 (35.2%) had the L858R mutation, 3 (5.6%) 
had the primary T790M mutation, 2 (3.7%) had the 
G719X mutation, 1 (1.9%) had the G719X + L861Q 
mutation, 1 (1.9%) had the A702S mutation, 1 (1.9%) 
had the E709A mutation, and 1 (1.9%) had the F723L 
mutation. Table 1 presents the clinical characteristics 
of the LUSC patients. The results showed that the EGFR 
positive group had a higher proportion of female 
patients, never-smokers, and patients with brain metas-
tases compared to the EGFR negative group (40.7% vs. 
4.4%, p < 0.001; 53.7% vs. 11.1%, p < 0.001; 24.1% vs. 
2.2%, p = 0.002, respectively). Among the 54 EGFR pos-
itive patients, 29 (53.7%) received EGFR-TKI as their 
first-line therapy, while 25 (46.3%) received it as sec-
ond- or subsequent-line therapy. Of these, 37 (68.5%) 
received first-generation TKI (8 gefitinib and 29 ico-
tinib), 11 (20.4%) received afatinib, and 6 (11.1%) 
received osimertinib. Among the 45 EGFR-negative 
patients, 44 (97.8%) attempted EGFR-TKI therapy as 
second- or subsequent-line treatment upon disease 
progression following chemoradiotherapy; 3 (6.7%) 
received icotinib, and 42 (93.3%) received afatinib.

Clinical outcomes and correlation factors of TKI 
efficacy

The optimal efficacy of EGFR-TKI in the EGFR-positive 
group showed that 1/54 (1.9%) patient achieved CR, 
23/54 (42.6%) patients achieved PR, 21/54 (38.9%) 
patients achieved SD, and 9/54 (16.7%) patients 
achieved PD. The evaluation of TKI efficacy in the 
EGFR-negative group showed that no patient achieved 
CR, 2/45 (4.5%) patients achieved PR, 14/45 (31.1%) 
patients achieved SD, and 29/45 (64.4%) patients 
achieved PD. The ORR was significantly higher in the 
EGFR-positive group than in the EGFR-negative group 
(44.4% vs 4.4%, p < 0.001), and the PFS was also longer 
in the EGFR-positive group than in the EGFR-negative 

group (6.4 months vs 1.3 months; p < 0.001; Figure 2A), 
but their OS was similar (18.3 months vs 17.3 months; 
p = 0.56; Figure 2B). The PFS for LUSC patients with the 
19del mutation, L858R mutation, and other mutation 
sites were 6.7, 9.2, and 3.6 months, respectively 
(p = 0.097; Figure 2C).

Among all 99 LUSC patients received EGFR-TKI treat-
ment, patients with liver metastases had a shorter PFS 
compared to those without liver metastases (1.1 months 
vs. 3.8 months, p = 0.021, Figure 2D). Univariate and 
multivariate analyses confirmed that LUSC patients 
with the 19del mutation, L858R mutation, and those 
without liver metastases exhibited better clinical out-
comes with EGFR-TKI therapy (Table 2). Subgroup anal-
ysis, considering clinical characteristics, generally 
favored EGFR positive patients, except for those with 
poor ECOG PS (Figure 2E).

Molecular analysis

We retrospectively collected NGS data from 9 
EGFR-positive LUSC patients following the failure of 
EGFR-TKI treatment. As depicted in Figure 3, among 
them, 2 patients (2/9) had secondary T790M mutation, 
2 patients (2/9) had mesenchymal to epithelial transi-
tion factor (MET) amplification, one patient (1/9) had 
secondary T790M mutation and EGFR deletion-insertion 
mutation, one patient (1/9) experienced histological 
transformation from squamous cell carcinoma to ade-
nocarcinoma and EGFR deletion-insertion mutation, 
one patient (1/9) experienced EGFR mutation loss, and 
2 patients (2/9) had no explicit resistance mechanisms. 
Additionally, these patients had a high incidence of 
tumor protein 53 (TP53) mutations (6/9, 66.6%). In this 
study, we only obtained the EGFR gene mutation sta-
tus at baseline from medical history data, while the 
other genetic mutations status was unknown, so that 
we did not further analyze the possible secondary 
mutations, which still need to be further explored in 
future research.

Differences of TIME between pre- and post-TKI 
LUSC

To elucidate the remodeling effect of EGFR-TKI on 
tumor immune microenvironment (TIME) and its 
potential impact on ICI efficacy, we analyzed changes 
in the expression of common immune markers before 
and after TKI therapy failure. In our study, we had 
access to 22 pre-TKI samples and 11 post-TKI samples, 
which were subjected to mIHC. Figure 4A provides an 
example of mIHC results from two paired samples 
obtained from one patient before and after TKI 
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treatment. We examined four markers (CD4, CD8, 
PD-L1, and Foxp3) and observed alterations in their 
expression within the TIME following EGFR-TKI therapy. 
In comparison to pre-TKI samples, post-TKI samples 
exhibited a significant decrease in CD4 expression 
(p = 0.047), a decrease in CD8 expression with no sta-
tistical significance (p = 0.14), a significant increase in 
PD-L1 expression (p = 0.0021), and a slight increase in 
Foxp3 expression without statistical significance 
(p = 0.31, Figure 4B). As reported in previous studies 
[20,21], we categorized LUSC TIME into four Tumor 
Microenvironment Immune Types (TMIT) based on the 
median expression values of CD8 and PD-L1. Type I 
tumors (CD8-high/PD-L1-high) may benefit from 
anti-PD-1/PD-L1 therapy, while type II tumors (CD8-low/
PD-L1-low) are less likely to benefit from anti-PD-1/
PD-L1 therapy. Our findings revealed that post-TKI 
LUSC had a higher proportion of TMIT I and a lower 
proportion of TMIT II compared to pre-TKI LUSC 
(p = 0.000, Figure 4C). Overall, although post-TKI LUSC 
exhibited reduced infiltration of CD4/CD8+ T cells 
compared to pre-TKI LUSC, PD-L1 expression was sig-
nificantly upregulated. Subsequently, we conducted a 

detailed analysis of the treatment history of 8 
EGFR-positive LUSC patients who received ICI therapy. 
Among them, 3 patients received ICI as first-line ther-
apy, and the best therapeutic effect showed that 1 
patient (1/3) achieved PR, and 2 patients (2/3) achieved 
SD. 5 patients received ICI as subsequent treatment 
after TKI resistance, and the best therapeutic effect 
showed that all 5 patients (5/5) achieved SD. The 
ICI-PFS of patients received ICI as first-line therapy is 
4.9–10.8 months, while the ICI-PFS of patients received 
as subsequent treatment after TKI resistance is 6.0–
36.5 months (Figure 5).

Discussion

In this study, we observed that a higher percentage of 
female (40.7% vs. 4.4%, p < 0.001) and non-smoking 
patients (53.7% vs. 11.1%, p < 0.001) exhibited EGFR 
positivity among LUSC patients compared to those 
who were EGFR negative. EGFR-positive patients had a 
higher risk of developing brain metastases than 
EGFR-negative patients (24.1% vs. 2.2%, p = 0.002), con-
sistent with earlier research [22,23]. The ORR for 

Table 1. C linical characteristics.

Characteristic
All cases
(n = 99)

EGFR mutation

P valuepositive (n = 54) negative (n = 45)

Age, n (%) 0.397
  <65 53 31 (57.4) 22 (48.9)
  ≥65 46 23 (42.6) 23 (51.1)
ECOG, n (%) 0.343
  0–1 85 48 (88.9) 37 (82.2)
  2–3 14 6 (11.1) 8 (17.8)
Gender, n (%) 0.000
 F emale 24 22 (40.7) 2 (4.4)
  Male 75 32 (59.3) 43 (95.6)
Smoking history, n (%) 0.000
  Yes 65 25 (46.3) 40 (88.9)
 N o 34 29 (53.7) 5 (11.1)
TNM stage, n (%) 0.091
 III B-IIIC 25 10 (18.5) 15 (33.3)
 I V 74 44 (81.5) 30 (66.7)
Brain metastasis, n (%) 0.002
  Yes 14 13 (24.1) 1 (2.2)
 N o 85 41 (75.9) 44 (97.8)
Bone metastasis, n (%) 0.076
  Yes 38 25 (46.3) 13 (28.9)
 N o 61 29 (54.7) 32 (71.1)
Liver metastasis, n (%) 0.219
  Yes 15 6 (11.1) 9 (20.0)
 N o 84 48 (88.9) 36 (80.0)
Local therapy, n (%) 0.503
  Yes 58 30 (55.6) 28 (62.2)
 N o 41 24 (44.4) 17 (37.8)
Treatment line of TKIs, n (%) 0.000
 F irst line 30 29 (53.7) 1 (2.2)
 S econd line and after 69 25 (46.3) 44 (97.8)
Type of TKIs, n (%) 0.000
  Gefitinib/Icotinib 40 37 (68.5) 3 (6.7)
  Afatinib 53 11 (20.4) 42 (93.3)
 O simertinib 6 6 (11.1) 0
Best response to TKIs, n (%) 0.000
 C R/PR 26 24 (44.4) 2 (4.4)
 SD /PD 73 30 (55.6) 43 (95.6)



6 Z. CHEN ET AL.

EGFR-TKI treatment in the EGFR-positive group was 
significantly higher than in the EGFR-negative group 
(44.4% vs 4.4%, p < 0.001). Interestingly, two 
EGFR-negative patients achieved PR after receiving 
EGFR-TKIs, which may be due to EGFR downstream 
pathway mutations or bypass pathway activation. The 
PFS in EGFR-positive LUSC patients was significantly 
longer than that in EGFR-negative LUSC patients (6.4 
vs. 1.3 months, p < 0.001). However, a limitation that 
should be noted is that the EGFR-negative group 
received EGFR-TKIs in later lines on average than the 
EGFR-positive group which may be associated with 
lower ORR and survival. In addition, the OS was similar 
between the two groups (18.3 vs. 17.3 months, p = 0.56). 
This similarity in OS may be due to the fact that some 
EGFR-positive patients were not eligible for post-line 
chemotherapy after TKI failure, and the small sample 
size in our study. Previous studies have reported a PFS 
of 10–14 months and an ORR of 50%–80% in 
EGFR-positive lung adenocarcinoma [24–26], which is 
notably better than what was observed in EGFR-positive 
LUSC patients in this study. These findings indicate 
that EGFR-positive LUSC patients can benefit from 
EGFR-TKI therapy, although its efficacy in LUSC is lower 
compared to lung adenocarcinoma.

In the EGFR-positive group, the majority of EGFR 
activating mutations consisted of exon 19 deletion 

mutations (48.1%) and exon 21 L858R mutations 
(35.2%). Only about 10% of patients received a 3rd 
generation EGFR-TKI and the PFS for EGFR-TKI treat-
ment in patients with 19del and L858R mutations in 
LUSC was longer than in cases with other EGFR muta-
tions (9.2 vs. 6.7 vs. 3.6 months, p = 0.097). Previous 
studies have shown that TKI in EGFR 19del mutations 
NSCLC patients are more effective than those with 
other EGFR mutations [27,28]. In this study, EGFR 
L858R mutations patients had the best TKI efficacy, 
which suggests that unlike EGFR-mutated lung adeno-
carcinoma, in EGFR-mutated LUSC patients, the L858R 
mutations have better TKI efficacy compared to other 
EGFR mutations.

In all LUSC patients received EGFR-TKI therapy, 
patients with liver metastases had a shorter TKI-PFS 
compared to those without liver metastases (1.1 vs. 
3.8 months, p = 0.021). Previous research has suggested 
that this could be attributed to higher levels of hepato-
cyte growth factor (HGF) and vascular endothelial 
growth factor (VEGF) expression in the tumor microen-
vironment of liver metastases when compared to other 
types of metastases [29–31]. HGF enhances ErbB3/
PI3K/AKT signaling by activating c-MET [32], and VEGF 
stimulates tumor angiogenesis and facilitates the pro-
liferation of EGFR mutant tumor cells [33–35]. In a 
phase III randomized, double-blind clinical trial 

Figure 2.  Kaplan-Meier Curves of progression-free survival (PFS, A) and overall survival (OS, B) stratified by EGFR mutation status. 
Kaplan-meier curves of PFS stratified by EGFR mutation types (C) and liver metastasis (D). (E) Forest plot of subgroup analysis by 
baseline characteristics for TKI-PFS in patients with EGFR-mutated positive or negative.
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involving 449 advanced NSCLC patients with EGFR 
mutations, which included 224 patients treated with 
erlotinib plus an anti-VEGF receptor antibody and 225 
patients treated with erlotinib plus a placebo, the 
results indicated that in the group of patients with 
liver metastases, those treated with erlotinib and 
anti-VEGF receptor antibodies had a better PFS com-
pared to those treated with erlotinib plus a placebo 
[36]. Therefore, EGFR-TKI therapy is more effective in 
LUSC patients without liver metastasis than that in 
LUSC patients with liver metastasis.

Many EGFR-positive LUSC patients chose not to 
undergo re-biopsy, leading to a loss of genetic testing 
data in some cases. Ultimately, we could only obtain 
NGS data from 9 EGFR-positive patients after they 
experienced EGFR-TKI treatment failure. Because we 
lack data on genetic mutations other than the EGFR 
gene at baseline, we only considered the mechanisms 
currently known to be associated with EGFR-TKI resis-
tance, the findings indicated that 3 cases (33.3%, 3/9) 
had acquired T790M mutations, 2 cases (22.2%, 2/9) 
had EGFR deletion-insertion mutations, 2 cases (22.2%, 
2/9) exhibited mesenchymal to epithelial transition 
factor (MET) amplification, 1 case (11.1%, 1/9) under-
went histological transformation from squamous cell 
carcinoma to adenocarcinoma, and 1 case (11.1%, 1/9) 
experienced EGFR mutation loss. Acquired T790M 
mutations remained the most common resistance 
mechanism in EGFR-positive LUSC patients treated 
with 1st and 2nd generation EGFR-TKIs, although the 
frequency of these mutations was lower than that 
observed in lung adenocarcinoma [37]. Similarly, 
Chang et al. [8] reported NGS results for 8 EGFR-mutated 
female LUSC patients after developing resistance to 
TKIs. Among them, 2 patients had acquired T790M 

mutations, 1 patient had MET amplification, and the 
others did not exhibit any explicit secondary muta-
tions that could be used for further treatment guid-
ance. As is well known, histological transformation is 
one of the resistance mechanisms of NSCLC targeted 
therapy and there have been many reported cases of 
adenocarcinoma transforming into other tissue types 
such as small cell carcinoma and squamous cell carci-
noma [38]. In this study, one patient experienced a 
histological transformation from squamous cell carci-
noma to adenocarcinoma, indicating that the transfor-
mation from squamous cell carcinoma to 
adenocarcinoma also can lead to TKI resistance in 
LUSC patients. Interestingly, one patient experienced 
disease progression after receiving gefitinib for 
14.6 months, and a subsequent second blood biopsy 
revealed the loss of EGFR mutations. This suggests that 
the loss of EGFR mutations may be one of the mech-
anisms contributing to TKI treatment failure. 
Additionally, although TP53 mutations status at base-
line was unknown, 6 out of 9 patients (66.6%, 6/9) 
were found to have TP53 mutations at the time of 
resistance. Actually, previous studies have demon-
strated that TP53 mutations are associated with a 
faster development of resistance mechanisms in 
EGFR-positive NSCLC and may cooperate with other 
genomic events to facilitate the acquisition of resis-
tance mutations to EGFR-TKIs [39]. This explains the 
complex nature of resistance mechanisms observed in 
LUSC patients in our study. The high likelihood of sec-
ondary resistance mutations and the complexity of 
resistance mechanisms underscore the importance of 
re-biopsy after TKI treatment failure for clinical physi-
cians in diagnosing and formulating effective treat-
ment plans.

Table 2.  Uni- and multivariate analyses of clinical parameters on PFS to EGFR-TKI.

Characteristic

Univariate analysis Multivariate analysis

Hazard Ratio(95%CI) P Hazard Ratio(95%CI) P
Gender (female/male) 1.655(1.032–2.653) 0.037* 0.783(0.360–1.701) 0.536
Age (<65/≥65) 0.882(0.591–1.318) 0.541
ECOG PS(0–1/2–3) 1.643(0.921–2.901) 0.093
Somking status (yes/no) 0.635(0.415–0.972) 0.037* 1.011(0.512–1.997) 0.975
Stage (III/IV) 1.073(0.677–1.702) 0.765
Brain metastasis (yes/no) 0.732(0.413–1.298) 0.351
Bone metastasis (yes/no) 0.974(0.645–1.473) 0.902
Liver metastasis (yes/no) 0.521(0.296–0.915) 0.023* 0.469(0.261–0.840) 0.011*
Local therapy (yes/no) 0.971(0.646–1.467) 0.887
Treatment line of TKIs (first line/

second line and after)
2.299(1.453–3.636) 0.000* 1.588(0.827–3.051) 0.165

EGFR mutation types
Without 1 1
EGFR 19del 0.254(0.147–0.437) 0.000* 0.213(0.089–0.510) 0.001*
EGFR L858R 0.231(0.128–0.417) 0.000* 0.230(0.090–0.588) 0.002*
Other EGFR mutation 0.518(0.250–1.072) 0.076 0.758(0.324–1.770) 0.521
Type of TKI
Icotinib/Gefitinib 1 1
Afatinib 2.064(1.340–3.178) 0.001* 0.709(0.329–1.527) 0.379
Osimertinib 0.672(0.262–1.723) 0.408 0.666(0.204–2.174) 0.501
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Since 2015, anti-PD1/PD-L1 immunotherapy has 
become a crucial treatment for lung cancer, either as 
a standalone therapy or in combination with 

chemotherapy. For instance, a clinical trial involved 
272 previously treated LUSC patients, randomly 
assigning them to receive either ICI (135 patients) or 

Figure 3.  co-Mutation plot of various types of mutations in 9 EGFR-positive LUSC patients after TKI failure; each column rep-
resents one patient; the mutation rates of each gene were marked on the left in percentage and grouped according to their 
protein functions; patient characteristics were shown at the bottom with different colors.
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docetaxel (137 patients). The results of this trial 
demonstrated that the efficacy of ICI was superior to 
chemotherapy in second-line treatment, with a lon-
ger overall survival (OS) observed in the ICI group 
compared to the chemotherapy group (9.2 vs. 
6.0 months, p < 0.001) [40]. However, it was initially 
believed that anti-PD1/PD-L1 immunotherapy had 

limited effectiveness in EGFR-positive NSCLC [41]. To 
the best of our knowledge, this is the first study to 
report on the TIME of EGFR-positive LUSC patients 
after TKI therapy failure. In this study, we collected 
22 pre-TKI samples and 11 post-TKI samples and 
assessed the TIME using mIHC. The results revealed 
that the expression of CD4+ (p = 0.047) and CD8+ 

Figure 4.  (A) Example of immunofluorescent staining of tumor tissue samples from LUSC patients. pre-TKI samples, taken from 
patients before EGFR-TKI treatment, and post-TKI samples, taken from patients who developed resistance to EGFR-TKI. (DAPI anti-
body is expressed in blue, CD4 antibody is expressed in yellow, CD8 antibody is expressed in green, PD-L1 antibody is expressed 
in red, and foxp3 antibody is expressed in purple). (B) Comparison of the infiltration levels of CD4+, CD8+, PD-L1+, and foxp3+ 
cells between pre-TKI and post-TKI tumors in EGFR-positive LUSC cohort. (C) The proportion of TMIT between pre-TKI and post-TKI 
tumors is compared.
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(p = 0.14) was reduced, while the expression of PD-L1 
significantly increased (p = 0.0021) in post-TKI sam-
ples compared to pre-TKI samples. According to prior 
research, reduced lymphocyte infiltration is associ-
ated with poorer immune response, while increased 
PD-L1 expression suggests improved efficacy of 
immunotherapy [42]. In an effort to predict the effec-
tiveness of ICI therapy following TKI failure, we estab-
lished four TMITs based on previous studies [20]. 
These include TMIT I tumor (CD8-high/PD-L1-high), 
TMIT II tumor (CD8-low/PD-L1-low), TMIT III tumor 
(CD8-low/PD-L1-high), and TMIT IV tumor (CD8-high/
PD-L1-low), determined by the levels of CD8 and 
PD-L1 expression. The findings indicated that the 
proportion of TMIT I in the post-TKI group was sig-
nificantly higher than that in the pre-TKI group 
(36.4% vs 9.1%, p < 0.001), while the proportion of 
TMIT II was lower (9.1% vs 18.2%, p < 0.001). This sug-
gests that LUSC patients who have experienced TKI 
failure may derive benefit from ICI therapy.

Subsequently, we conducted a retrospective analy-
sis of the history of ICI therapy in EGFR-positive LUSC 
patients. However, our study only included 8 patients 
who received ICI treatment, with 3 patients undergo-
ing ICI as first-line therapy and 5 patients receiving ICI 
as subsequent treatment after TKI resistance. Previous 
studies have shown high rates of pneumonitis when 
ICI is given prior to EGFR-TKIs [43], but the 3 patients 
who received ICI as first-line treatment did not develop 
pneumonia while receiving EGFR-TKIs in this study. 
Due to the limited number of cases, we could only 
provide a descriptive analysis. The findings indicated 
that the ICI-PFS was greater than 6 months for those 
receiving ICI as subsequent treatment after TKI resis-
tance, and two patients even achieved remarkable 

ICI-PFS durations of 20.9 and 36.5 months. Hence, ICI 
therapy emerges as a potential strategy for 
EGFR-positive LUSC patients after TKI failure. Moreover, 
in a previous meta-analysis conducted by Qian et  al. 
[44] the authors examined 7 RCTs that compared ICI 
therapy alone or in combination with other therapies 
to other treatment modalities in EGFR-positive NSCLC 
patients after TKI failure. The results indicated that ICI 
monotherapy did not improve OS or PFS in NSCLC 
patients. However, patients who received ICI in combi-
nation with other therapies had better PFS compared 
to those treated with conventional chemotherapy. 
Although these RCTs primarily focused on patients 
with adenocarcinoma, we believe that ICI-based com-
bination therapy is also a promising option for LUSC 
patients. However, further clinical data is needed to 
validate this hypothesis.

Conclusions

In summary, our study revealed that EGFR-positive 
LUSC patients have better ORR and PFS with TKI ther-
apy compared to EGFR-negative LUSC patients. The 
resistance mechanisms to EGFR-TKI of EGFR-positive 
LUSC are complex and diverse, with secondary T790M 
mutations being the most common. And the histolog-
ical transformation from squamous cell carcinoma to 
adenocarcinoma is also one of its resistance mecha-
nisms. Furthermore, our findings suggest that ICI ther-
apy is a promising strategy for EGFR-positive LUSC 
patients after experiencing TKI failure. This study 
enhances our comprehension of LUSC and establishes 
a foundation for further exploration of this rare 
patient group.

Figure 5.  Treatment history and survival data (OS and PFS) of 8 EGFR-positive LUSC patients who received immunotherapy.
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