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Introduction

Lung cancer (LC) is the second most commonly 
diagnosed malignancy worldwide and the leading cause 
of cancer-related mortality [1]. Epidermal growth factor 
receptor (EGFR) was one of the first tyrosine kinase 
receptors identified as being associated with tumorigenesis. 
The development of EGFR-targeted tyrosine kinase 
inhibitors (EGFR-TKIs) has demonstrated significant 
survival benefits for patients with EGFR-mutant LC and 
ushered in a new era of precision oncology [2, 3].

Abstract

Objective: To investigate the characteristics and clinical significance of driver gene mutations in 
patients with lung squamous cell carcinoma (LUSC) from the Wuling Mountain area of China. 
Materials and Methods: Clinical data and molecular testing results, including next-generation sequencing 
(NGS), polymerase chain reaction (PCR), and fluorescence in situ hybridization (FISH), from 64 patients with 
LUSC treated at Tongren People’s Hospital between September 2017 and April 2025 were retrospectively 
analyzed. Uncommon mutations were defined as alterations involving ALK, MET exon 14 skipping, BRAF, 
ERBB2, ROS1, and KRAS. Intergroup comparisons were performed using the chi-square test or Fisher’s 
exact test. This retrospective study used only de-identified clinical data and involved no patient intervention or 
identifiable privacy risk; therefore, ethics committee approval was not required. Results: The overall driver gene 
mutation rate was 48.44% (31/64). Mutations potentially targetable with tyrosine kinase inhibitors (TKIs) were 
identified in 28.13% (18/64) of patients, of whom 44.4% harbored uncommon mutations. The mutation rate was 
significantly higher among patients from ethnic minority groups than among Han Chinese patients (44.4% vs. 
19.4%, P < 0.05). Among the ethnic minority subgroups, the Miao group had the highest mutation rate (44.4%). 
Conclusion: A relatively high detection rate of uncommon driver gene mutations was observed among patients 
with LUSC from the Wuling Mountain area, particularly among those from ethnic minority groups. These findings 
support the consideration of comprehensive molecular profiling in patients with LUSC, with particular attention 
to patients from ethnic minority populations.
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Advances in molecular diagnostic technologies, 
particularly the widespread application of next-generation 
sequencing (NGS), have facilitated the identification 
of an increasing number of driver gene alterations and 
corresponding therapeutic targets in LC [4]. Studies have 
shown that patients with actionable driver alterations, 
including EGFR, ALK, ROS1, and MET exon 14 skipping 
alterations, may achieve longer survival than those without 
identified driver alterations [5- 8]. Consequently, major 
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clinical practice guidelines, including those of the National 
Comprehensive Cancer Network (NCCN), European 
Society for Medical Oncology (ESMO), and Chinese 
Society of Clinical Oncology (CSCO), recommend 
molecular testing for patients with non-small cell lung 
cancer (NSCLC).

However, the prevalence of driver gene alterations 
varies substantially among histological subtypes. For 
example, EGFR mutation rates have been reported to 
range from 40% to 60% in lung adenocarcinoma (LUAD) 
[9], whereas they are considerably lower in lung squamous 
cell carcinoma (LUSC), ranging from 3.3% to 4.6% [10]. 
This marked difference has contributed to lower rates 
of molecular testing among patients with LUSC, with 
reported testing rates as low as 3.1% [11]. Accordingly, 
broad molecular profiling is not routinely performed in 
all patients with LUSC in current clinical practice [12], 
potentially limiting the identification of patients who could 
benefit from targeted therapies.

The NCCN guidelines recommend considering 
EGFR mutation testing in selected patients with 
LUSC, particularly never-smokers, patients diagnosed 
using small biopsy specimens, and those with mixed 
histological features [13]. Nevertheless, relatively few 
studies have specifically investigated the spectrum and 
clinical characteristics of driver gene alterations in LUSC. 
Therefore, we retrospectively analyzed the molecular 
testing results and clinical characteristics of 64 patients 
with LUSC treated at our institution. This study aimed 
to characterize the distribution of driver gene mutations 
in this population and to explore their potential clinical 
implications for targeted precision therapy in patients 
with LUSC.

Materials and Methods

Patient Information
All patients diagnosed with and/or treated for LUSC at 

Tongren People’s Hospital between September 2017 and 
April 2025 were eligible for this retrospective analysis. 
Patient demographic characteristics, including age at 
diagnosis, sex, ethnicity, and molecular testing results, 
were collected through a review of the electronic medical 
record system.

Ethical Considerations
Because this was a retrospective study based 

exclusively on de-identified clinical data, with no patient 
intervention or identifiable personal information, formal 
approval by an institutional ethics committee was not 
required. All data were de-identified by the investigators 
before analysis.

Definition of Uncommon Mutations
Alterations involving ALK, MET exon 14 skipping, 

BRAF, ERBB2, ROS1, and KRAS were categorized as 
uncommon mutations.

Statistical Analysis
Statistical analyses were performed using SPSS 

Statistics version 19.0 (IBM Corp., Armonk, NY, USA). 
Categorical variables were compared using the chi-square 
test or Fisher’s exact test, as appropriate. A two-sided P 
value < 0.05 was considered statistically significant.

Results

Patient Characteristics
Between September 2017 and April 2025, 367 

patients with LUSC were admitted to Tongren People’s 
Hospital. Molecular testing was performed in 64 patients, 
corresponding to a testing rate of 17.4%. The mean age 
of the study population was 61 ± 10 years. The cohort 
comprised 56 males (88%), with a mean age of 62 ± 10 
years, and 8 females (12%), with a mean age of 56 ± 10 
years. Regarding ethnicity, 39 patients were Han Chinese, 
12 were Tujia, 7 were Miao, 4 were Dong, 1 was Gelao, 
and 1 was Derung. Detailed demographic characteristics 
are presented in Table 1.

Distribution of Gene Mutations
Molecular alterations were detected in 31 of the 64 

patients, corresponding to an overall mutation rate of 
48.44%. The identified mutated genes included EGFR, 
ALK, BRAF, MET exon 14, ERBB2, PIK3CA, TP53, 
and CDKN2A.

For the analysis of potentially targetable alterations, 
positive results for EGFR, ALK, MET exon 14 skipping, 
KRAS, BRAF, ROS1, and ERBB2 were classified 
as targetable, whereas non-targetable alterations and 
wild-type results were classified as negative. The mutation 
rate was significantly higher among patients from ethnic 
minority groups than among Han Chinese patients (44.4% 
vs. 19.4%, P < 0.05; Table 2). When analyzed by individual 
ethnic group, the Miao subgroup had the highest mutation 
rate, with an uncommon mutation rate of 44.4% (Figure 1).

Discussion

This retrospective analysis of 64 patients with LUSC 
identified driver gene alterations in 48.44% of cases, 
including alterations in EGFR, ALK, BRAF, MET exon 
14, ERBB2, PIK3CA, TP53, and CDKN2A. Alterations 
potentially targetable with available TKIs were identified 
in 28.13% of patients. The proportion of LUSC patients 
undergoing molecular testing also increased from 1.0% in 
2015 to 5.2% in 2024, with data available through April 
2025, indicating a gradual increase in the use of molecular 
testing over time. This trend may reflect China’s increasing 
healthcare capacity and the growing dissemination of 
precision oncology and targeted therapy approaches in 
lung cancer.

Eleven distinct gene alterations were identified in 
the study population, with potentially TKI-targetable 
alterations accounting for 28.13% of cases. Qian et al. 
[14], using a 68-gene NGS panel to analyze 204 Chinese 
LUSC surgical specimens, reported PIK3CA, PTEN, 
AKT1, TSVC1, and TSVC2 as the five most frequently 
mutated genes. Walter et al. [15], in an analysis of 32 
German patients with LUSC, identified TP53, KRAS, 
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the molecular characteristics of LUSC. In our cohort, 
the prevalence of potentially targetable alterations, 
particularly uncommon alterations, was significantly 
higher among ethnic minority patients than among Han 
Chinese patients (P < 0.05). However, no significant 
difference in EGFR mutation frequency was observed 
between the two groups, consistent with the findings of 
Zhou et al. [19]. In contrast, a study from the Ningxia Hui 
Autonomous Region reported a significantly lower EGFR 
mutation rate among Han Chinese patients than among 
Hui patients (P < 0.05) [20].

The mechanisms underlying potential ethnic 
differences in driver gene alterations remain unclear. 
Yang et al. [21], using whole-exome sequencing, 
identified population-specific genetic adaptations among 
several ethnic minority groups in Yunnan Province, 
China. The Di-Qiang, Dai, and Deang populations 
exhibited genetic signatures potentially associated with 
adaptation to hypertension, malaria-related diseases, 
and alcohol metabolism, respectively. These findings 
raise the possibility that population-specific genetic 
backgrounds may contribute to differences in the 
molecular profiles of LUSC among ethnic groups. Ma 
et al. [22] further proposed that non-Han populations 
living predominantly in mountainous regions, including 
areas at elevations exceeding 2,000 m, may experience 
distinctive environmental exposures, such as chronic 
hypoxia and increased ultraviolet radiation, which could 
potentially influence cancer susceptibility and molecular 
characteristics. However, these proposed mechanisms 
remain hypothetical and cannot be established from 
the present study. Further population-based genomic 
and epidemiological studies are required to determine 
whether genetic ancestry, environmental exposure, or 
their interaction contributes to the observed differences 
in mutation profiles.

Although our findings suggest differences in the 
distribution of driver gene alterations among Miao, Dong, 
Tujia, and Han patients with LUSC, several limitations 
should be considered. First, the present findings may not 
represent the true prevalence of driver gene alterations 
among these ethnic groups across China, as members of 
the same ethnic populations reside in multiple provinces 
and regions, and the potential effects of geographic 
variation remain uncertain. Second, the single-center 
design and relatively small sample size introduce the 
possibility of selection bias. The absence of data from 
other healthcare institutions in the Wuling Mountain 
region further limits the extent to which our findings can 
be generalized to the broader regional population. Third, 
molecular testing was performed using heterogeneous 
methodologies, including PCR, NGS, and FISH. Because 
molecular testing was not initially available in-house at our 
hospital, most early testing was performed by commercial 
third-party laboratories; in-house PCR testing began in 
July 2023. Differences in testing platforms, gene panels, 
and laboratory procedures may therefore have affected the 
detection of specific alterations and the comparability of 
results across patients. These methodological differences 
should be considered when interpreting the observed 

EGFR, MET, and PIK3CA as the most frequently altered 
genes. In contrast, the most frequently altered genes in 
our cohort included EGFR, TP53, PIK3CA, and ALK. 
Differences between these findings may be attributable, 
at least in part, to differences in patient populations and 
molecular testing methodologies, as our study used a 
combination of NGS, PCR, and FISH. Notably, potentially 
TKI-targetable alterations accounted for 28.13% of 
patients, and 44.4% of these targetable alterations were 
classified as uncommon mutations, including ALK, BRAF, 
MET exon 14, ERBB2, and KRAS. This molecular profile 
differs from that typically observed in LUAD, in which 
common actionable alterations such as EGFR are more 
frequently identified [16].

The prevalence and distribution of genetic alterations 
may vary across ethnic groups [17, 18]. China has 
substantial ethnic diversity, providing an important 
context in which to investigate potential differences in 

Characteristic n %
Age, years
Mean ± SD 61 ± 10 —
Sex
     Male 56 87.5
     Female 8 12.5
Ethnicity
     Han Chinese 39 60.9
     Tujia 12 18.8
     Miao 7 10.9
     Dong 4 6.3
     Gelao 1 1.6
     Derung 1 1.6
Smoking status
     Yes 51 79.7
     No 13 20.3
Clinical stage
     IIIB–IIIC 31 48.4
     IVA–IVB 33 51.6
Specimen type
     Tissue 43 67.2
     Blood 21 32.8
Detected gene alterations*
     EGFR 10 15.6
     ALK 4 6.3
     BRAF 1 1.6
     MET exon 14 1 1.6
     ERBB2 1 1.6
     KRAS 1 1.6

Table 1. Baseline Characteristics of Patients with Lung 
Squamous Cell Carcinoma (n = 64).

Note. SD = standard deviation. Percentages were calculated using the 
total sample of 64 patients. Gene alteration categories are not mutually 
exclusive; therefore, their frequencies should not be summed to obtain 
the total number of mutation-positive patients.
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mutation frequencies.

In conclusion, this study provides an initial 
characterization of the driver gene alteration spectrum 
among non-Han ethnic minority patients with LUSC, 
including Miao, Dong, and Tujia populations, in the 
Wuling Mountain region of China. Although potentially 
TKI-targetable alterations were identified in 28.13% of the 
study population, uncommon driver alterations represented 
a substantial proportion of these potentially actionable 
findings. ALK alterations were particularly notable among 
ethnic minority patients. Given the increasing availability 
of targeted therapies for uncommon and rare molecular 
alterations, our findings support consideration of broader 
molecular profiling in selected patients with LUSC, 
particularly those from ethnic minority populations.

However, because of the small sample size, 
single-center design, and heterogeneity of molecular 
testing methods, these findings should be considered 
hypothesis-generating rather than definitive evidence 
of ethnic differences in mutation prevalence. Larger, 
multicenter studies using standardized molecular testing 
platforms and comprehensive genomic profiling are 
needed to validate the observed patterns and clarify the 
contributions of genetic background and environmental 

factors. Such studies may help identify patients with 
LUSC who could benefit from molecularly guided 
treatment and further support the integration of precision 
oncology into the management of this histological subtype.

Clinical Implications
The findings have several potential implications 

for clinical practice. Although LUSC generally has a 
lower prevalence of actionable driver alterations than 
LUAD, the relatively high proportion of potentially 
targetable alterations observed in this cohort suggests 
that histological classification alone should not preclude 
molecular testing. In particular, the detection of 
uncommon alterations among patients from ethnic 
minority populations highlights the potential value of 
broader molecular profiling when clinically feasible. 
Identification of actionable alterations may provide 
additional treatment options for patients who would 
otherwise be managed primarily with chemotherapy, 
immunotherapy, or conventional approaches. However, 
the findings should not be interpreted as evidence that all 
patients with LUSC require identical molecular testing 
strategies, and testing decisions should remain consistent 
with current clinical guidelines, available tissue, clinical 
characteristics, and local resources.

Ethnicity Overall mutation 
status, n (%)

P value EGFR status,
 n (%)

P value Uncommon mutation
 status, n (%)

P value

Positive Negative Positive Negative
Han Chinese 7 (19.4) 29 (80.6) 0.039 5 (14.7) 29 (85.3) 0.465
Ethnic minorities 11 (44.0) 14 (56.0) 5 (26.3) 14 (73.7)
Total 18 43 10 43

Table 2. Distribution of Gene Alterations According to Ethnicity.

Note. Because the denominators in the supplied data differ across analyses, percentages should be checked against the original statistical output 
before submission. “Uncommon mutations” were defined as alterations in ALK, MET exon 14, BRAF, ERBB2, ROS1, and KRAS. P values were 
obtained using the chi-square test or Fisher’s exact test, as appropriate.

Figure 1. A, Mutation Rates according to Ethnic Group among Patients with Lung Squamous Cell Carcinoma. 
Mutation-positive rates are presented as percentages for Han Chinese, Tujia, Miao, Dong, Gelao, and Derung patients. 
The Gelao and Derung groups each comprised one patient; therefore, their rates should be interpreted cautiously. 
B, Distribution of Detected Gene Alterations among Patients with Lung Squamous Cell Carcinoma. The figure shows 
the number of patients with detected EGFR, ALK, BRAF, MET exon 14, ERBB2, and KRAS alterations. Gene 
categories were not mutually exclusive; therefore, the total number of detected alterations does not correspond to the 
number of mutation-positive patients.
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Strengths and Future Research
The main strength of this study is its focus on a 

geographically and ethnically diverse population that 
has been relatively underrepresented in studies of the 
molecular characteristics of LUSC. The study also 
provides real-world molecular testing data from routine 
clinical practice and highlights the potential contribution 
of uncommon driver alterations that may otherwise 
remain undetected. Nevertheless, the small sample size 
and heterogeneous testing methods limit the precision of 
mutation frequency estimates. Future multicenter studies 
involving larger populations from the Wuling Mountain 
region and standardized comprehensive genomic 
profiling are warranted. Such studies should evaluate 
the relationship between ethnicity, geographic and 
environmental factors, molecular alterations, treatment 
selection, and clinical outcomes. Prospective studies 
would also be valuable for determining whether the 
identification of uncommon driver alterations translates 
into improved treatment response and survival.
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