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Purpose: Chromosomal abnormalities represent genomic signatures linked to cancer prognosis and responses to chemotherapy, 
immunotherapy, and drug resistance. This study aimed to investigate the impact of chromosome copy number variants (CNVs) on the 
efficacy of tyrosine kinase inhibitors (TKIs) in EGFR-mutated non-small cell lung cancer (NSCLC) patients, as well as its prognostic 
implications for progression-free survival (PFS) and overall survival (OS) in EGFR wild-type patients.
Methods: A total of 110 patients with advanced NSCLC were enrolled in this study and categorized into EGFR-mutated and wild- 
type groups. Utilizing next-generation sequencing (NGS) technology, we assessed 24 genes and chromosome CNVs associated with 
lung cancer pathways in patients’ tissue samples.
Results: Within the EGFR-mutated group, patients with a gain in Chr 1p13.3-p13.1 exhibited poor TKI responses, a high relapse rate, and 
shortened PFS (P = 0.002). Conversely, EGFR-mutated patients with a gain in 14q31.1-q31.3 demonstrated favorable TKI responses and 
relatively extended PFS (P = 0.005). Among EGFR wild-type patients, the presence of 7q31.1-q31.31 CNV emerged as an independent factor 
influencing both PFS and OS (P = 0.013, P = 0.004). Notably, patients with a gain in 7q31.1-q31.31 exhibited prolonged PFS and OS. 
Additionally, independent prognostic significance for OS in EGFR wild-type patients was observed for CNVs in 9q21.31-q22.2 and 11p11.11- 
q12.1 regions (P = 0.001). Patients with gains in these regions experienced extended OS, while losses were predictive of poorer outcomes.
Conclusion: Our results suggested that chromosomal copy number variation is a practical indicator for predicting the response of 
EGFR-targeted therapy and prognosis for NSCLC patients.
Keywords: copy number variations, non-small cell lung cancer, EGFR-TKI response, prognosis

Introduction
Lung cancer stands as the most menacing malignant tumor, jeopardizing both human life and health. Its incidence and fatality rates 
take the forefront among all malignancies, with over 80% constituting non-small cell lung cancer (NSCLC).1 Despite ongoing 
enhancement of therapeutic techniques, radiotherapy often falls short in delivering satisfactory efficacy, resulting in a bleak 
prognosis.2 During the treatment of NSCLC patients, the emergence of activated epidermal growth factor receptor (EGFR) 
mutations holds the potential to heighten tumor sensitivity to EGFR-tyrosine kinase inhibitors (EGFR-TKIs) like gefitinib, 
afatinib, and erlotinib.3 Yet, despite the promising initial responses, a majority of EGFR-mutated (EGFR+) patients inevitably 
experience relapse after 9–13 months of treatment, likely attributed to the development of acquired resistance.4–6 In the case of 
EGFR+ patients, the evolution of TKI resistance primarily follows two distinct pathways. The first hinges on an EGFR-dependent 
route involving T790M and EGFR amplification, while the second takes a non-EGFR-dependent trajectory, potentially encom-
passing MET or HER2 amplification, as well as BRAF and KRAS mutations.7–9 Nevertheless, additional information is still 
needed to better overcome TKI resistance.
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Most of the previous studies have focused on the alteration of single gene.7–9 However, the mechanisms underlying 
multiple TKI resistance are still needed to be further investigate.10 Currently, several approaches are being explored to 
address EGFR-TKI resistance. These include the application of next-generation TKIs to overcome resistance to prior- 
generation TKIs, the use of inhibitors targeting other molecules, and the utilization of immune checkpoint inhibitors. 
These strategies are applicable not only for assessing the prognosis of EGFR-mutated patients but also for detecting other 
genetic variants such as ALK, MET, and ROS1.11,12 While next-generation sequencing (NGS) and immune checkpoint 
inhibitor (ICI) tests can be performed in NSCLC patients, it is important to note that the benefits of targeted therapy and 
immunotherapy are not universally observed in all patients. Therefore, the selection of appropriate predictive indicators is 
crucial for accurately predicting the prognosis of a wider range of NSCLC patients before initiating treatment.13,14

Genomic DNA copy number variations (CNVs) can be detected in lung cancer and are valuable for assessing the 
progression of the disease. They provide insights into gene structure changes, gene expression, and tumor 
pathogenesis.15–18 Amplification and deletion of chromosomes can activate oncogenes or inactivate tumor suppressor 
genes.19 Genomic instability, which includes phases of tetraploidization, can lead to asymmetric cell division, chromo-
some loss, increased tumor heterogeneity, and multidrug resistance.20–22 Thus, CNV patterns are currently utilized as 
biomarkers for disease diagnosis and prognosis in clinical practice, as well as for drug development.23,24 Nevertheless, to 
our knowledge, there exists a dearth of pertinent research regarding CNV prediction of TKI responsiveness.25

Here, we conducted next-generation sequencing on tumor tissues obtained from 110 advanced NSCLC patients to 
assess the predictive value of CNVs for TKI responsiveness and prognosis. The patients were categorized into two 
groups: those with EGFR mutations (EGFR+) and those without (EGFR−). Our findings identified specific CNV patterns 
that could predict TKI response in EGFR-mutated patients and significant CNVs associated with the prognosis of EGFR 
wild-type patients. This study contributes novel insights and reliable biological indicators for predicting TKI response 
and prognosis in NSCLC patients. The following article adheres to the STARD reporting checklist.

Methods
Patients
Patients with NSCLCs who underwent surgical resection at Nantong First People’s Hospital between October of 2017 and 
July of 2020 were included in this study and were enrolled according to the following criteria: (i) availability of puncture 
tissues for obtaining samples and completion of imaging examination resulting in a specific pathological diagnosis, (ii) 
diagnosed with stage III and IV NSCLCs, (iii) presence of sufficient nucleic acid content in the tissue for NGS detection, 
and (iv) availability of complete prognostic information meeting the criteria for at least 6 months. Among the enrolled 
patients, all those with EGFR mutations received treatment with TKIs. Progression-free survival (PFS) was calculated from 
the surgery date to the date of disease progression or death (Due date), while overall survival (OS) was calculated from the 
surgery date to the date of death (Due date). The study protocol was approved by the Institutional Review Board of Nantong 
First People’s Hospital (No. 2017KY198), and all recruited patients provided written informed consent.

Next Generation Sequencing
Genomic DNA was extracted from formalin-fixed paraffin-embedded (FFPE) lung cancer samples using the QIAampDNA FFPE 
Tissue Kit (product number: 56404, QIAGEN) following the manufacturer’s instructions. The FFPE tissue sections were cut to 
a thickness of 10 μm, with the tumor cell content exceeding 50%. Qubit dsDNA High Sensitivity (HS) Assay Kit (product 
number: Q32854, Thermo Fisher Scientific) was used to detect the concentration of DNA (> 300 ng and 10 ng/l). For cases where 
DNA input was < 50 ng, an additional PCR cycle was incorporated during target enrichment. Subsequently, enzymatic shearing 
was applied to the extracted DNA, and sequencing libraries were prepared using the TIANSeq DirectFast DNA Library Prep Kit 
(product number: NG101, TIANGEN Biotech (Beijing) Co., Ltd.). Quantification of nucleic acid was performed using the 
VAHTS Library Quantification Kit for Illumina (product number: NG101, Nanjing Vazyme Biotech Co., Ltd.) when the Ct value 
of the library was below 10. The purified sequencing libraries underwent massively parallel sequencing using the Illumina HiSeq 
Xten platform (Illumina, Inc.), generating 4G of raw sequencing data per sample. 4G sequencing raw data per sample were filtered 
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and aligned to the human reference genome. The NSCLC-panel contained 23 genes of the Wnt pathway and hot-spot regions out 
of the EGFR, BRAF, MET, HER2, KRAS, and TP53 genes.

Analyses of Gene Copy Number Variation
The Ultrasensitive Chromosomal Aneuploidy Detector (UCAD) pipeline was utilized to determine CNVs. The sequencing reads 
were aligned to the reference genome (UCSC hg19 assembly) using BWA-MEM (version 0.7.17-r1188). Sequencing coverage 
for each 200 K bin was computed and subsequently subjected to GC normalization. The median of the sample data was taken as 
the control samples. The sequencing coverage was further normalized by control samples. Twice Z-tests were employed to 
normalize both internal and external parameters. The total count of qualified reads within the sample was divided by the count of 
reads within each specified region. This division aimed to establish the relative proportion of reads within each region. 
Additionally, the data from normal tissue samples was juxtaposed with data from samples taken from patients with identified 
tumors. This comparison yielded relative values signifying either an increase or loss within each region of the identified samples. 
Subsequently, chromosome characteristic values were extracted and summarized.

In this study, all raw sequencing reads were mapped to human reference genome hg19, and genomic coverage was counted 
by using software samtools mpileup. Data from a total of 110 tumor samples were aggregated. Median counts for chromosome 
1–18 were tabulated and then averaged. The cutoff > 1.1 indicated amplification, while the cutoff < 0.9 indicated deletion.

Statistical Analysis
The statistical analysis was conducted using SPSS software (version 18.0, SPSS Inc., Chicago, IL, USA). To assess the 
significance of associations between variables, appropriate tests were employed: the chi-squared test or Fisher’s exact test, and 
the Kruskal–Wallis test or Mann–Whitney U-test. The correlation between variables was explored using the Pearson correlation 
coefficient (R). Survival curves for PFS and OS were plotted using the Kaplan-Meier method, and differences between curves 
were estimated using the Log rank test. Furthermore, a multivariate analysis was performed using a Cox proportional hazards 
model to identify independent predictors of survival. The inclusion of proven prognostic factors from the univariate analysis was 
accomplished using a forced entry method. For each factor, the hazard ratio (HR) and its corresponding 95% confidence interval 
(CI) were calculated. All statistical tests were two-tailed, and statistical significance was defined as P < 0.05.

Results
Patient Characterization
Detailed characterization of the patient population is depicted in Table 1. Among the 110 advanced NSCLC patients enrolled in 
this study, most were male (59.1%), and their median age was 67.6 years. Most of the tumors were in the right lung (59.1%) and 
were adenocarcinoma (87.3%). The initial metastases were intrathoracic metastases (78.2%) and extracranial metastases (83.6%). 
The CEA was divided into four levels, and 42.7% of CEA levels were less than 10. Overall, EGFR mutations were identified in 

Table 1 The Association Between Clinic Pathologic Features and EGFR Mutations

Clinical Factors All (N = 110) EGFR+ (N = 48) EGFR− (N = 62) P

Gender, N (%) <0.001

Male 65 (59.1) 19(39.6) 46(74.2)

Female 45 (40.9) 29(60.4) 16(25.8)
Age, N (%) 0.202

<65 43 (39.1) 22(45.8) 21(33.9)

≥65 67 (60.9) 26(54.2) 41(66.1)
Tumor location, N (%) 0.099

Left 38 (34.5) 16(33.3) 22(35.5)

Right 65 (59.1) 32(66.7) 33(53.2)
Bilateral 2 (1.8) 0(0) 2(3.2)

Weasand 5 (4.5) 0(0) 5(8.1)

(Continued)
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43.6% of patients. According to the mutation of EGFR, 110 patients were divided into two groups: EGFR-mutated (EGFR+) 
group and EGFR wild-type (EGFR-) group. As shown in Table 1, the clinical and pathological factors associated with EGFR 
mutations were gender (female, P < 0.001), pathological pattern (adenocarcinoma, P < 0.001), metastatic sites (extrathoracic 
metastasis, P = 0.035), high CEA levels (P = 0.011) and non-smoking status (none, P = 0.001).

At the time of analysis, the mean follow-up time for all patients was 17.5 ± 10.5 months (range, 1–34 months), during 
which 56 patients (50.9%) died, and 92 patients (83.6%) experienced recurrence. Kaplan-Meier survival analysis showed 
that the EGFR mutation was significantly associated with long PFS (P < 0.0001) and OS (P < 0.0001) (Figure 1).

CNV Patterns Predicted the TKI Response of EGFR-Mutated NSCLC Patients
As shown in Table 2, among the 48 EGFR-mutated NSCLC patients, 96% (46 patients) had EGFR mutations in either exons 
19 (19del) or 21 (L858R). All of them received EGFR-TKI treatment, sometimes followed by chemo or radiotherapy. Among 

Table 1 (Continued). 

Clinical Factors All (N = 110) EGFR+ (N = 48) EGFR− (N = 62) P

Histology, N (%) <0.001

Adenocarcinoma 96 (87.3) 48(100) 48(77.4)
Squamous carcinoma 14 (12.7) 0(0) 14(22.6)

Metastasis I, N (%) 0.035

Intrathoracic 86 (78.2) 33(68.8) 53(85.5)
Extrathoracic 24 (21.8) 15(31.3) 9(14.5)

Metastasis II, N (%) 0.102

Intracranial 18 (16.4) 11(22.9) 7(11.3)
Extracranial 92 (83.6) 37(77.1) 55(88.7)

CEA, N (%) 0.011

<10 47 (42.7) 13(27.1) 34(54.8)
10–100 38 (34.5) 18(37.5) 20(32.3)

101–1000 18 (16.4) 12(25) 6(9.7)

>1000 7 (6.4) 5(10.4) 2(3.2)
Smoking history, N (%) 0.001

Absent 71 (64.5) 39(81.3) 32(51.6)

Present 39 (35.5) 9(18.8) 30(48.4)

Abbreviations: EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen; EGFR+, EGFR mutation; 
EGFR−, EGFR wild-type.

Figure 1 Prognostic value of EGFR mutations status in 110 advanced NSCLC. Kaplan-Meier survival curves of EGFR+ for (A) progression-free survival (PFS) and (B) Overall 
survival (OS).
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the patients who received EGFR-TKI, 38 patients (79%) were administered the first-generation TKIs (gefitinib/Icotinib), 1 of 
them (2%) received afatinib, and the other 9 patients (19%) were treated with both gefitinib and osimertinib. All enrolled 
patients were categorized into three groups based on the PFS (Table 2): short-term (0–6 months, n = 13), medium-term (7–12 
months, n = 19), and long-term (> 13 months, n = 16). The analysis revealed no significant differences in age (P = 0.060), 
gender (P = 0.599), EGFR mutation type (P = 0.286), and EGFR-TKI drugs (P = 0.085) among the different PFS groups.

The respective medians of chromosome 1–18 in EGFR+/EGFR- samples were counted and indicated by a blue line. 
Our results showed that amplification and deletion occurred in all the chromosomes from 1 to 18. Among all patients, 
chromosomes 7, 14, and 17 exhibited coverage higher than the normalized average, while chromosome 1 showed normal 
coverage (Figure 2A). In EGFR wild-type patients, chromosomes 12 and 17 exhibited coverage higher than the 
normalized average, while chromosome 1 remained normal (Figure 2B). Our observations indicate that patients with 
EGFR mutations exhibit higher coverage of chromosomes 1 and 4 compared to the wild-type patients. Focal amplifica-
tions were detected on Chr7 and Chr14 (Figure 2C). Additionally, the results demonstrate elevated amplification 
frequencies of chromosomes 1, 7, and 14 in EGFR mutation-positive patients compared to those with wild-type EGFR.

The comprehensive analysis further demonstrated significant changes in chromosome loci between tumors with 
EGFR mutations and EGFR wild-type tumors. Figure 3 presents a heat-map illustrating the most significant CNVs 
associated with EGFR mutation. The results showed that the amplification of chromosomes 7p (45.6% vs 19%) and 14q 
(36.17% vs 15%) were significantly identified in EGFR-mutated patients. Moreover, the amplification of chromosome 9q 
(8.25% vs 30%) and 12p (10.83% vs 31%) were frequently found in EGFR wild-type patients. Notably, certain CNV 
regions were significantly observed in EGFR-mutated patients, including 1p13.3-p13.1 gain (P =0.01), 3q27.1-q27.3 loss 
(P =0.002), 15q15.1-q21.1 loss (P =0.031), 18p11.32-p11.22 loss (P =0.005). Conversely, we also found that 
5p14.4-p13.3 loss (P =0.011) and 15q15.1-q21.1 gain (P =0.031) were more frequent in wild-type patients.

The univariate analysis of the Cox proportional hazard model demonstrated that 1p13.3-p13.1, 14q31.1-q31.3, and 
14q32.11-q32.2 were significantly associated with PFS of EGFR-mutated patients (P = 0.002, P = 0.005, P = 0.022) 
(Figure 4). Additionally, 1p13.3-p13.1 and 14q13.1-q31.3 were identified as independent risk factors for TKI treatment. 
Patients with chromosome 1p 13.3-p13.1 amplification exhibited a poor response to TKI (P = 0.005, HR, 3.066, 95% CI, 
1.391–6.759). Conversely, patients with chromosome 14q13.1-q31.3 gain displayed a good response to TKI (P = 0.024, 
HR, 0.400, 95% CI, 0.180–0.888) (Figure 4).

Table 2 The Clinical and Pathological Information of EGFR+ Patients

Clinical Factors All 
(N=48)

PFS (0–6 
Months, N=13)

PFS (7–12 
Months, N=19)

PFS (>13 
Months, N=16)

P

Gender, N (%) 0.599

Male 19 5 11 3

Female 29 8 8 13
Age, N (%) 0.060

<65 22 5 9 8

≥65 26 8 10 8
EGFR baseline 0.286

Exon 19 (19del) 21 4 4 8
Exon 20 (S768I) 1 1 1 0

Exon 21 (I858R) 25 7 7 11

Exon 21 (L861Q) 1 1 1 0
Drug types 0.085

I-TKI 38 12 15 11

II -TKI 1 1 0 0
I+III TKI 9 0 4 5

Abbreviations: PFS, progression-free survival; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; I-TKI, Gefitinibor 
Icotinib; II-TKI, Afatinib; I + III TKI, Gefitinib + Osimertinib.

Pharmacogenomics and Personalized Medicine 2023:16                                                                      https://doi.org/10.2147/PGPM.S418320                                                                                                                                                                                                                       

DovePress                                                                                                                         
839

Dovepress                                                                                                                                                               He et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


CNV Patterns Predicted the PFS and OS for EGFR Wild-Type NSCLC Patients
Among the 62 EGFR wild-type NSCLC patients, 27% (17 patients) had KRAS mutations. Kaplan-Meier survival 
analysis showed that KRAS mutation was significantly associated with poor PFS (P = 0.020), and the Chr 
8p23.3-p23.1 loss was associated with longer PFS (P = 0.007; Figure 5). Chr 7q31.1-q31.31 gain was found to be 
associated with longer PFS (P = 0.001) and OS (P = 0.016). In multivariate analysis, the Chr 7q31.1-q31.31 and Chr 

Figure 2 DNA somatic copy numbers of (A) all advanced NSCLC patients; (B) EGFR+ patients; (C) EGFR- patients. Chromosome 1 to 18 is layout from left to right with 
red and green colors.

Figure 3 Heat-map view of chromosomal changes in EGFR mut and EGFR wild-type patients. Significant copy-gain segments with Z-score larger than 1.5 are marked in red 
color, Z-score between 1.1–1.5 in yellow, 0.9–1.1 in white, Significant copy-loss with Z-score between 0.5–0.9 in light blue, less than 0.5 in dark blue.
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8p23.3-p23.1 were independent risk factors for PFS of EGFR wild-type patients (Figure 6A). In addition, patients with 
chromosome Chr 7q31.1-q31.31 gain (P=0.013, HR, 0.113, 95% CI, 0.02–0.625) and Chr 8p23.3-p23.1 loss (P=0.006, 
HR, 0.131, 95% CI, 0.031–0.563) were found to have longer PFS.

Furthermore, the association of CNV with OS of EGFR wild-type patients was analyzed. Results of cox multivariate 
regression analysis revealed that the 4p15.1-p14, 7q31.1-q31.31, 9q21.31-q22.2, 10q21.2-q22.1, and 11p11.11-q12.1 were 

Figure 4 Univariate and multivariate survival analysis for PFS in EGFR-mutated patients.

Figure 5 Kaplan-Meier survival curves of (A) KRAS mutation for PFS; (B) Chr8.1 variation for PFS; (C) Chr 7.12 variation for PFS and (D) Chr 7.12 variation for OS.
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independent risk factors for OS. EGFR wild-type patients with 4p15.1-p14 gain (P=0.001, HR, 20.1, 95% CI, 3.382– 
119.457) had a poor OS (Figure 6B). Besides, patients with 7q31.1-q31.31 gain (P=0.004, HR, 0.133, 95% CI, 0.034–0.521) 
and 10q21.2-q22.1 loss (P=0.036, HR, 0.273, 95% CI, 0.081–0.916) had longer OS. Notably, amplifications in 9q21.31-q22. 
2 and 11p11.11-q12.1 predicted longer OS, while the deletion of these regions predicted poor OS (Figure 6B).

Discussion
In this study, we proposed the application of CNV patterns as a predictor of prognosis in advanced NSCLC patients. 
Specifically, the 1p and 14q gain assessing TKI efficacy for EGFR+ patients and the 7q and others for EGFR- patients. 
These findings can help to predict the response of EGFR-TKI treatment and the risk of recurrence for advanced NSCLC 
patients, potentially enhancing the current therapeutic landscape for NSCLC.

Previous studies have reported that 20–30% of advanced lung cancer patients with EGFR mutations exhibit intrinsic 
resistance to TKIs, while another subset of patients maintains TKI efficacy for over 2 years.26 Acquired resistance refers 

Figure 6 Multivariate survival analysis for (A) PFS and (B) OS in EGFR wild-type patients.
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to cancer cells developing the ability to withstand the effects of TKIs following initial treatment, often involving new 
mutations or alterations in genes within the targeted pathways. These changes can lead to reduced drug binding affinity, 
increased drug efflux, or activation of alternative signaling pathways bypassing the target. Additionally, certain cancer 
cells may possess inherent genetic alterations or mechanisms that confer innate resistance to TKIs from the outset, 
rendering them less susceptible to the inhibitory effects of the drugs. Therefore, comprehending the mechanisms 
underlying EGFR-TKI resistance and identifying early predictive indicators of TKI responsiveness are of paramount 
importance for enhancing clinical practice. Growing evidence showed that chromosomal abnormalities represent 
genomic features related to cancer prognosis and response to chemotherapy and immunotherapy.27 It has been previously 
shown that Chr1 and Chr7 gain are common in patients with lung adenocarcinoma and 8p23.1 loss is common in 
NSCLC.28–34 Our findings are in congruence with prior research: (i) distinct CNVs exist among patients with EGFR 
mutation and EGFR wild-type in advanced lung cancer, and (ii) significant focal amplifications were also found on 
chromosome 1, 7 and 14 in EGFR-mutated patients compared to wild-type patients. Our results also showed that the 1p 
and 14q are two factors that independently affect PFS, and the 1p13.3-p13.1 gain patients were prone to drug-resistant 
relapse and poor TKI efficacy, while the 14q31.1-q31.3 gain patients had longer PFS and good TKI efficacy. It has been 
suggested that the miRNA located at 14q32.31 could potentially serve as a prognostic indicator across various cancers. In 
a prior investigation of chromosomal variants in lung cancer, Patrick’s study established a correlation between the loss of 
14q31.1–32.33 and favorable outcomes in patients with squamous lung cancer across different stages.35 Our results, 
which showed that the 14q had an impact on prognosis and drug resistance in lung cancer patients, appear do not match 
that finding, and demonstrate that a number of altered chromosome 1 genes may have subtype- and stage- specificities in 
lung cancers and could be considered as a biomarker for indicating diagnosis and prognosis.36

Numerous driver oncogenes associated with resistance to EGFR-TKI, chemotherapy or immunotherapy, were 
previously found to locate in CNV regions.7–9 In our research, the 1p13.3-p13.1 gain was found to affect TKI response 
and predisposes to drug resistance, while the oncogene NRAS located at 1p13.2, 7q31.3-q31.31gain had better PFS and 
OS. The MET gene on 7q31.2 and the BRAF gene on 7q34, 9q21.31-q22.2 and 10q21.2-q22.1 are independent factors 
affecting OS of EGFR wild-type patients. Consistent with this, an acquired sequence variant in the NRAS gene on 
chromosome 1 was identified in an in vitro TKI-resistant model involving imatinib and nilotinib.37 The emergence of 
TKI resistance may involve MET or HER2 amplification on chromosome 7 and BRAF mutation.7 Refer to Table 3 for 
a subset of chromosome 1 and 7 genes associated with TKI resistance.38–40 Besides, other regions were also found to be 
involved in tumorigenesis and drug resistance, such as NTRK2 located on 9q21.33, PTEN located on 10q23.31, and RET 
located on 10q11.21. Furthermore, other regions, such as NTRK2 on 9q21.33, PTEN on 10q23.31, and RET on 10q11.21, 
were implicated in tumorigenesis and drug resistance. Notably, chromosome 7 appears pivotal in NSCLC development 
and progression. Aberrations involving EGFR, cMET, and BRAF, coupled with chromosomal anomalies, constitute 
cytogenetic events contributing to distinct molecular signatures in NSCLC patients.32 Genetic targets MET, RET, BRAF, 
and NTRK2 in lung cancers affect patient prognosis and can be addressed through targeted drugs. NRAS and PTEN 
mutations represent adverse prognostic indicators, necessitating further investigation into the impact of abnormalities in 
their chromosomal loci on subsequent clinical treatment.

Table 3 Chromosome 1 and 7 Related TKI Resistance Genes

Gene Position Associated TKI Resistance Ref.

NRAS Chr 1 In vitro TKI resistance model (in chronic myeloid leukaemia) [36]
ROR1 Chr 1 Erlotinib resistance (in NSCLC cell lines) [37]

JAK1 Chr 1 Resistance to EGFR-TKI treatment (in transformed small-cell carcinoma) [38]

MTOR Chr 1 Resistance to EGFR-TKI treatment (in transformed small-cell carcinoma) [38]
SMO Chr 7 EGFR TKI-resistant NSCLC [39]

MET Chr 7 EGFR TKI-resistant NSCLC [39]

BRAF Chr 7 EGFR TKI-resistant NSCLC [7]

Abbreviations: Chr 1, Chromosome 1; NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor; TKI, 
tyrosine kinase.
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NGS serves as a critical adjunct to conventional cytogenetics for comprehensive chromosome profiling in cancers, 
enabling direct testing of various chromosomal aberrations.36,41,42 In this study, NGS was employed to determine 
chromosome CNVs in advanced lung cancer tissue samples. Our results not only unveiled chromosomes linked to 
EGFR variants but also identified chromosomes predictive of TKI response in EGFR-mutated patients. Moreover, we 
found that specific chromosomal somatic copy number variants (7q, 9q, etc.) could forecast survival in EGFR wild- 
type patients. Mounting evidence underscores the strong association between CNV abnormalities and tumorigenesis, 
chemotherapy response, and immunotherapy outcomes. Chromosomal abnormalities, alone or in conjunction with 
TMB, could potentially serve as a more effective and prevalent immunotherapy biomarker compared to TMB alone.43– 

46 This study delved into the impact of CNV patterns on predicting response to EGFR-TKI targeted therapy and 
survival rates in EGFR wild-type patients receiving chemotherapy and immunotherapy. The predictive significance of 
CNV pattern in EGFR-TKI targeted therapy response holds crucial implications for the development of prospective 
prognostic indicators for survival assessment and offers valuable insights for prognostic evaluation in NSCLC patients. 
However, a major limitation of this study is the absence of empirical data to directly support the proposed conclusions. 
Additionally, the analytical approach is overly simplistic, and the sample size is inadequate. In forthcoming endeavors, 
we intend to validate the value of CNV markers in predicting EGFR-TKI targeted therapy response and patient 
prognosis by conducting in vitro or in vivo experiments, increasing the sample size, and incorporating non-malignant 
control tissues.

Abbreviation
EGFR, Epidermal Growth Factor Receptor; TKI, Tyrosine Kinase Inhibitor; PFS, Progression-Free Survival; OS, Overall 
Survival; NGS, Next Generation Sequencing; NSCLC, Non-Small Cell Lung Cancer; CNV, Copy Number Variation; 
UCAD, Ultrasensitive Chromosomal Aneuploidy Detector; TMB, Tumor Mutant Burden.
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