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ABSTRACT 

Background 

Osimertinib is the preferred first-line epidermal growth factor receptor (EGFR) tyrosine kinase 

inhibitor for advanced EGFR-mutated non–small cell lung cancer (NSCLC), but acquired 

resistance remains inevitable and is characterized by substantial molecular heterogeneity. 

Secondary EGFR mutations and MET amplification are among the most clinically actionable 

resistance mechanisms, yet their pooled prevalence and relative contribution across treatment 

settings remain incompletely defined.  

Methods 

A PRISMA 2020-compliant systematic review and pooled analysis was conducted using 

PubMed/MEDLINE, Embase, Scopus, Web of Science, and CENTRAL for studies published from 

January 2015 through March 2026. Eligible studies included adults with advanced EGFR-mutated 

NSCLC who developed acquired resistance to osimertinib and underwent molecular profiling. The 

primary outcomes were the pooled prevalence of secondary EGFR mutations and MET 

amplification. Random-effects models were applied, with heterogeneity assessed using Cochran Q 

and I² statistics. Prespecified subgroup and leave-one-out sensitivity analyses were performed.  

Results 

Forty-three studies were included in the qualitative synthesis, and 36 studies comprising 3,914 

patients were included in the pooled quantitative analysis. Secondary EGFR mutations were 
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detected in 34.7% of resistant cases (95% CI, 31.2%–38.4%), with EGFR C797S representing the 

predominant on-target alteration. MET amplification occurred in 18.6% of patients (95% CI, 

15.8%–21.7%) and was the most frequent EGFR-independent bypass mechanism. MET 

amplification was more commonly observed after first-line osimertinib, whereas secondary EGFR 

mutations, particularly C797S, were more frequent after later-line osimertinib in previously 

T790M-positive disease. Co-occurring resistance alterations were identified in a substantial 

proportion of tumors, including EGFR C797S with MET amplification, MET with HER2 

amplification, EGFR C797S with PIK3CA mutations, and MET amplification with KRAS 

alterations. Between-study heterogeneity was moderate, and sensitivity analyses demonstrated 

stable pooled estimates without disproportionate influence from any single study.  

Conclusion 

Acquired resistance to osimertinib in advanced EGFR-mutated NSCLC is driven by a complex and 

heterogeneous molecular landscape in which secondary EGFR mutations and MET amplification 

represent the principal actionable mechanisms. EGFR C797S remains the dominant on-target 

resistance alteration, whereas MET amplification is the leading bypass pathway. These findings 

support comprehensive molecular reassessment at disease progression and favor biomarker-guided 

combination strategies, including dual EGFR-MET inhibition and next-generation approaches 

targeting tertiary EGFR mutations.  

Keywords: EGFR; Osimertinib; Non–small cell lung cancer; Acquired resistance; C797S; MET 

amplification 

INTRODUCTION 

    Non–small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer 

diagnoses and remains the leading cause of cancer-related mortality worldwide despite substantial 

advances in molecular diagnostics and targeted therapeutics [1]. The identification of oncogenic 

driver mutations has fundamentally transformed the therapeutic landscape of NSCLC, enabling the 

implementation of precision medicine strategies that improve progression-free survival (PFS), 

overall survival (OS), and quality of life compared with conventional cytotoxic chemotherapy. 

Among these molecular alterations, activating mutations in the epidermal growth factor receptor 

(EGFR) gene represent one of the most clinically relevant oncogenic drivers, occurring in 

approximately 10–15% of patients with NSCLC in Western populations and up to 40–60% of 

patients in East Asian populations [2]. These mutations are predominantly detected in lung 

adenocarcinoma and are more common among never-smokers, women, and younger individuals. 

    The development of EGFR tyrosine kinase inhibitors (TKIs) has revolutionized the management 

of EGFR-mutated NSCLC [3]. First-generation reversible TKIs, including gefitinib and erlotinib, 

followed by the second-generation irreversible inhibitors afatinib and dacomitinib, significantly 

improved clinical outcomes compared with platinum-based chemotherapy [4] Nevertheless, nearly 

all patients eventually develop acquired resistance, most frequently mediated by the secondary 

EGFR T790M gatekeeper mutation, which accounts for approximately 50–60% of resistance 
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events following first- or second-generation EGFR-TKI therapy [5]. This recognition prompted the 

development of third-generation EGFR inhibitors capable of selectively targeting both sensitizing  

EGFR mutations and the T790M resistance mutation while sparing wild-type EGFR [6]. 

    Osimertinib, a third-generation irreversible EGFR-TKI, has become the preferred first-line 

treatment for patients with advanced EGFR-mutated NSCLC following the landmark FLAURA 

trial, which demonstrated significant improvements in progression-free survival, overall survival, 

central nervous system (CNS) disease control, and treatment tolerability compared with earlier-

generation EGFR inhibitors [7]. Osimertinib also exhibits excellent penetration across the blood–

brain barrier, making it particularly effective in patients with brain metastases, a frequent 

complication of advanced NSCLC. Consequently, international clinical guidelines now 

recommend osimertinib as the standard first-line therapy for patients harboring common activating 

EGFR mutations, including exon 19 deletions and exon 21 L858R substitutions [8-11]. 

    Despite these remarkable therapeutic advances, acquired resistance to osimertinib inevitably 

develops, representing one of the greatest challenges in the long-term management of EGFR-

mutated NSCLC. Unlike resistance mechanisms observed after first-generation EGFR-TKIs, 

resistance to osimertinib is substantially more heterogeneous, involving diverse genomic, 

epigenomic, and phenotypic alterations that may coexist within the same tumor [12]. These 

resistance mechanisms are generally classified as EGFR-dependent (on-target) and EGFR-

independent (off-target) pathways. EGFR-dependent mechanisms include secondary mutations 

affecting the kinase domain, most notably EGFR C797S, which disrupts the covalent binding of 

osimertinib to the ATP-binding pocket. Additional tertiary alterations involving L718Q, G724S, 

G796R, L792H, and other less frequent mutations have also been implicated in therapeutic failure, 

highlighting the molecular complexity of EGFR-mediated resistance evolution [13]. 

    Among EGFR-independent resistance mechanisms, amplification of the MET proto-oncogene 

has emerged as one of the most prevalent and clinically actionable alterations. MET amplification 

activates downstream signaling through the PI3K/AKT, MAPK/ERK, STAT3, and SRC pathways 

independently of EGFR signaling, thereby restoring cellular proliferation and survival despite 

continued EGFR inhibition [14]. Importantly, MET amplification may occur alone or concurrently 

with secondary EGFR mutations, generating complex resistance patterns that substantially 

complicate treatment selection. The increasing availability of highly selective MET inhibitors, 

including savolitinib, tepotinib, and capmatinib, has stimulated considerable interest in 

combination therapeutic strategies targeting both EGFR and MET signaling pathways [15-19]. 

    Recent translational studies have further demonstrated that resistance to osimertinib extends 

beyond isolated genomic alterations and frequently involves activation of bypass signaling 

networks, histologic transformation to small-cell lung cancer or squamous cell carcinoma, 

epithelial–mesenchymal transition, alterations in HER2, KRAS, BRAF, PIK3CA, RET, ALK, 

FGFR, and NTRK signaling, as well as changes within the tumor immune microenvironment. 

These molecular events often coexist, evolve dynamically under therapeutic pressure, and exhibit 

marked spatial and temporal heterogeneity, underscoring the importance of serial molecular 

profiling using tissue biopsy and circulating tumor DNA (ctDNA)-based liquid biopsy. 

http://www.ajbm.net/
http://www.ajbm.net/


      

                
Advanced Journal of Biomedicine & Medicine 

2026 Volume 14 Issue 3 Page 246-268 

Available online: 11 August 2026 

Journal homepage: www.ajbm.net 

 

Advanced Journal of Biomedicine & Medicine | 2026, Volume 14, Issue 3 
Journal homepage: www.ajbm.net                  249 

Comprehensive genomic reassessment at disease progression has therefore become an essential 

component of personalized treatment planning and clinical trial enrollment [20-24]. 

    Although numerous observational studies, translational investigations, and clinical trials have 

reported individual resistance mechanisms following osimertinib therapy, substantial variability 

exists regarding the reported prevalence of secondary EGFR mutations and MET amplification. 

Differences in study populations, treatment settings (first-line versus later-line osimertinib), 

molecular testing methodologies, sequencing platforms, specimen types, and definitions of 

acquired resistance have generated inconsistent estimates across published studies. Furthermore, 

the relative contribution of EGFR-dependent versus MET-mediated resistance remains 

incompletely characterized, limiting the development of evidence-based sequencing strategies and 

biomarker-driven combination therapies [25]. 

    A comprehensive synthesis of currently available evidence is therefore needed to better define 

the molecular epidemiology of osimertinib resistance and identify clinically relevant resistance 

patterns that may guide future therapeutic interventions. Quantifying the frequency of secondary 

EGFR mutations and MET amplification is particularly important because both represent 

potentially actionable mechanisms with direct implications for precision oncology and the design 

of next-generation targeted therapies [26-30]. 

    Therefore, the objective of this PRISMA-compliant systematic review and pooled analysis is to 

comprehensively evaluate the prevalence, molecular spectrum, and clinical significance of 

secondary EGFR mutations and MET amplification as mechanisms of acquired resistance to 

osimertinib in patients with advanced EGFR-mutated NSCLC. In addition, this review aims to 

summarize current molecular diagnostic approaches, compare resistance patterns across different 

clinical settings, and discuss emerging therapeutic strategies designed to overcome osimertinib 

resistance through biomarker-guided precision medicine.  

METHODOLOGY 

Study Design and Reporting Guidelines 

This study was conducted as a PRISMA 2020-compliant systematic review and pooled analysis to 

comprehensively evaluate the prevalence and clinical significance of secondary EGFR mutations 

and MET amplification as mechanisms of acquired resistance to osimertinib in patients with 

advanced epidermal growth factor receptor (EGFR)-mutated non–small cell lung cancer (NSCLC). 

The review methodology followed the recommendations of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA 2020) statement and adhered to internationally 

accepted standards for evidence synthesis. A predefined review protocol specifying the research 

objectives, eligibility criteria, search strategy, study selection process, data extraction procedures, 

quality assessment, and statistical analyses was established before literature screening. 

Literature Search Strategy 

A comprehensive electronic literature search was performed across the following databases: 

PubMed/MEDLINE, Embase, Scopus, Web of Science Core Collection, Cochrane Central 

Register of Controlled Trials (CENTRAL).  
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The search covered studies published from January 1, 2015, through March 31, 2026, 

corresponding to the clinical development and widespread implementation of osimertinib. No 

initial restrictions regarding geographic region were applied. 

The search strategy combined Medical Subject Headings (MeSH) and free-text keywords related 

to EGFR-mutated NSCLC, osimertinib resistance, secondary EGFR mutations, and MET 

amplification. Representative search terms included: 

("Non-Small Cell Lung Cancer" OR NSCLC OR lung adenocarcinoma) AND (EGFR OR 

epidermal growth factor receptor) AND (osimertinib OR AZD9291) AND (resistance OR acquired 

resistance OR treatment failure) AND (EGFR C797S OR secondary EGFR mutation OR tertiary 

EGFR mutation OR MET amplification OR MET gene amplification OR bypass signaling). 

Reference lists of eligible publications, review articles, conference proceedings, and relevant 

clinical trial reports were manually screened to identify additional studies not retrieved through the 

electronic search. Duplicate records were removed prior to title and abstract screening. 

Eligibility Criteria 

Studies were considered eligible if they fulfilled all of the following criteria: 

Inclusion Criteria 

1. Original clinical investigations including prospective or retrospective cohort studies, 

observational studies, randomized clinical trials, translational studies, or molecular 

profiling studies.  

2. Adult patients (≥18 years) diagnosed with advanced or metastatic EGFR-mutated 

NSCLC.  

3. Patients treated with osimertinib in either first-line or later-line settings.  

4. Studies reporting acquired resistance following osimertinib therapy.  

5. Studies evaluating one or more secondary EGFR resistance mutations and/or MET 

amplification using validated molecular diagnostic techniques.  

6. Studies providing sufficient quantitative data to calculate mutation frequencies or 

pooled prevalence estimates.  

Exclusion Criteria 

Studies were excluded if they met any of the following conditions: 

1. Case reports involving fewer than five patients.  

2. Review articles, editorials, letters, expert opinions, commentaries, or conference abstracts 

lacking full data.  

3. Animal or in vitro experimental studies.  

4. Studies without molecular confirmation of resistance mechanisms.  

5. Duplicate publications reporting overlapping patient populations (the most comprehensive 

or recent study was retained).  

6. Articles not published in English.  
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Study Selection 

Two independent investigators screened all retrieved records using a two-stage selection process. 

Initially, titles and abstracts were reviewed to exclude clearly irrelevant publications. Full-text 

articles of potentially eligible studies were subsequently assessed against the predefined inclusion 

and exclusion criteria. 

Disagreements between reviewers were resolved through discussion and consensus. When 

consensus could not be reached, a third senior reviewer independently adjudicated study eligibility. 

The study selection process was documented using the PRISMA 2020 flow diagram, Figure 1. 

Data Extraction 

A standardized electronic data extraction form was developed before study review. 

The following variables were extracted independently by two reviewers: 

Study Characteristics 

First author, Publication year, Country, Study design, Enrollment period, Number of 

participating centers  

Patient Characteristics 

1. Sample size  

2. Median or mean age  

3. Sex distribution  

4. Smoking history  

5. Histological subtype  

6. Disease stage  

7. Presence of brain metastases  

Molecular Characteristics 

1. Baseline EGFR mutation subtype  

2. Previous EGFR-TKI exposure  

3. Line of osimertinib therapy  

4. Duration of osimertinib treatment  

5. Progression-free survival  

6. Overall survival  

Resistance Mechanisms 

Secondary EGFR mutations including: 

C797S, L718Q, G724S, L792H, G796R, L718V, Exon 20 alterations, Other reported tertiary 

mutations  

MET alterations including: 

MET amplification, MET copy number, Additional resistance mechanisms, including HER2 

amplification, KRAS mutations, BRAF alterations, RET fusions, ALK rearrangements, 
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PIK3CA mutations, histologic transformation, epithelial–mesenchymal transition, and other 

bypass signaling pathways, were also recorded when reported. 

Molecular Testing Methods 

The following diagnostic platforms were documented: 

1. Next-generation sequencing (NGS)  

2. Tissue biopsy sequencing  

3. Liquid biopsy (circulating tumor DNA)  

4. Fluorescence in situ hybridization (FISH)  

5. Digital PCR  

6. Polymerase chain reaction (PCR)  

7. Hybrid capture assays  

Outcomes 

Primary Outcome 

The primary outcome was the pooled prevalence of: 

Secondary EGFR mutations after osimertinib resistance.  

MET amplification after osimertinib resistance.  

Secondary Outcomes 

Secondary outcomes included: 

1. Distribution of individual EGFR resistance mutations.  

2. Co-occurrence of EGFR mutations and MET amplification.  

3. Comparison between first-line and later-line osimertinib resistance mechanisms.  

4. Progression-free survival following acquired resistance.  

5. Overall survival.  

6. Frequency of concurrent bypass pathway activation.  

7. Molecular testing modality performance.  

8. Geographic differences in resistance mechanisms.  

Risk of Bias Assessment 

Methodological quality of the included observational studies was independently evaluated by two 

reviewers using the Newcastle–Ottawa Scale (NOS). 

Studies were assessed according to: 

Selection of study participants  

Comparability of study groups  

Outcome assessment  

Adequacy of follow-up  

NOS scores were categorized as: 

7–9 points: Low risk of bias  

5–6 points: Moderate risk  
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≤4 points: High risk of bias  

Randomized controlled trials, when applicable, were evaluated using the Cochrane Risk of Bias 2 

(RoB 2) tool. 

Statistical Analysis 

Quantitative synthesis was performed using R software (version 4.3.0; R Foundation for Statistical 

Computing, Vienna, Austria) and Review Manager (RevMan) version 5.4. 

Pooled prevalence estimates for secondary EGFR mutations and MET amplification were 

calculated with corresponding 95% confidence intervals (CIs) using the DerSimonian–Laird 

random-effects model, considering anticipated clinical and methodological heterogeneity among 

studies. 

Statistical heterogeneity was assessed using: 

Cochran's Q test, Higgins' I² statistic  

Heterogeneity was interpreted as: 

I² <25%: Low  

25–50%: Moderate  

50–75%: Substantial  

>75%: Considerable heterogeneity  

Prespecified subgroup analyses were conducted according to: 

1. Geographic region (Asia vs. Western countries)  

2. First-line versus second-line/later-line osimertinib  

3. Tissue biopsy versus liquid biopsy  

4. NGS versus non-NGS molecular testing  

5. Baseline EGFR mutation subtype (Exon 19 deletion vs. L858R)  

6. Study design  

Sensitivity analyses were performed by sequential omission of individual studies (leave-one-out 

analysis) to evaluate the robustness of pooled estimates. 

Potential publication bias was evaluated through visual inspection of funnel plots together with 

Egger's regression test and Begg's rank correlation test, where at least ten studies were available 

for pooled analysis. 

A two-sided P-value <0.05 was considered statistically significant for all analyses. 

RESULTS 

Study Selection 

The systematic literature search identified 1,864 records across PubMed/MEDLINE (n = 512), 

Embase (n = 603), Scopus (n = 421), Web of Science (n = 276), and the Cochrane Central Register 

of Controlled Trials (n = 52). Following removal of 436 duplicate records, 1,428 unique 

publications underwent title and abstract screening. Of these, 1,267 studies were excluded because 

they did not meet the predefined eligibility criteria, primarily owing to irrelevant study objectives, 

absence of osimertinib-treated populations, lack of molecular resistance profiling, or non-original 

publication formats. 
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The full texts of 161 potentially eligible articles were retrieved for detailed assessment. After full-

text review, 118 studies were excluded for the following reasons: insufficient molecular data (n = 

39), overlapping patient cohorts (n = 24), case reports or small case series (n = 21), conference 

abstracts without complete datasets (n = 18), non-English publications (n = 9), and unavailable 

outcome data (n = 7). Ultimately, 43 studies met the eligibility criteria and were included in the 

qualitative synthesis, of which 36 studies comprising 3,914 patients provided sufficient quantitative 

data for pooled analysis (Figure 1). 

 

 

Figure 1. PRISMA 2020 flow diagram of study identification, screening, eligibility assessment, and 

inclusion 

Characteristics of Included Studies 

The 43 included studies were published between 2017 and 2026 and represented patient populations 

from 15 countries, including China, Japan, South Korea, Taiwan, Singapore, the United States, 

Canada, France, Germany, Italy, Spain, the United Kingdom, Australia, Brazil, Egypt. Twenty-six 

studies (60.5%) were retrospective cohort studies, nine (20.9%) were prospective observational 

studies, five (11.6%) were translational biomarker investigations embedded within clinical trials, 

and three (7.0%) were randomized clinical trial biomarker analyses. 
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The pooled cohort consisted of 3,914 patients with advanced EGFR-mutated NSCLC who 

experienced disease progression following osimertinib therapy. The median patient age ranged 

from 56 to 71 years, with women accounting for approximately 61% of the pooled population. 

Adenocarcinoma represented the predominant histological subtype (>95%), while exon 19 

deletions and exon 21 L858R mutations constituted the principal baseline EGFR alterations. 

Osimertinib was administered as first-line therapy in 18 studies, second-line treatment following 

T790M-positive disease in 20 studies, and mixed-line treatment in five studies. Molecular 

resistance profiling was performed using next-generation sequencing (NGS) in 81% of studies, 

circulating tumor DNA (ctDNA) analysis in 58%, tissue re-biopsy in 72%, fluorescence in situ 

hybridization (FISH) for MET amplification in 31%, and polymerase chain reaction (PCR)-based 

assays in selected investigations, Figure 2. 

Overall Molecular Landscape of Osimertinib Resistance 

Among the pooled patient population, acquired resistance mechanisms were successfully identified 

in 89.6% of patients. Resistance mechanisms were categorized as EGFR-dependent (on-target) in 

39.8% of cases and EGFR-independent (off-target) in 60.2%. 

Secondary EGFR kinase domain mutations and MET amplification represented the two most 

prevalent actionable resistance mechanisms identified after osimertinib progression. Concurrent 

genomic alterations involving multiple resistance pathways were detected in nearly one-quarter of 

patients, illustrating the molecular heterogeneity that characterizes resistance evolution under third-

generation EGFR inhibition. 

Secondary EGFR Mutations 

Across the pooled analysis, secondary EGFR mutations were identified in 34.7% (95% CI: 31.2%–

38.4%) of patients with acquired osimertinib resistance Figure 2. 

Among individual mutations, EGFR C797S emerged as the predominant tertiary mutation, 

accounting for 21.9% (95% CI: 19.1%–24.9%) of all resistant cases. Other recurrent secondary 

EGFR alterations included: 

Secondary EGFR Mutation Pooled Prevalence (%) 

C797S 21.9 

L718Q/L718V 4.8 

G724S 3.9 

L792H 2.6 

G796R/G796S 1.8 

Exon 20 insertions 1.3 

Other rare tertiary mutations 2.4 

 

The frequency of C797S was significantly higher among patients receiving osimertinib as second-

line therapy after T790M-positive disease than among those receiving first-line osimertinib (P = 

0.018). 
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Figure 2. Distribution of secondary EGFR mutations identified after progression on osimertinib. EGFR 

C797S was the predominant on-target resistance alteration, followed by L718Q/L718V, G724S, L792H, 

G796R/G796S, exon 20 insertions, and other rare tertiary EGFR mutations. Percentages represent pooled 

frequencies among patients with molecularly characterized acquired resistance. 

MET Amplification 

MET amplification represented the most frequent EGFR-independent resistance mechanism. 

The pooled prevalence of MET amplification was 18.6% (95% CI: 15.8%–21.7%), although 

individual study estimates ranged from 7% to 32%, Figure 3, 4. 

Studies employing combined tissue biopsy and FISH analysis demonstrated higher detection rates 

than ctDNA-only investigations, suggesting improved sensitivity for tissue-based molecular 

assessment. 

Among patients harboring MET amplification: 

1. 61% exhibited isolated MET amplification.  

2. 27% demonstrated concurrent secondary EGFR mutations.  

3. 12% showed additional bypass pathway activation involving HER2, KRAS, or PIK3CA 

alterations.  
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Figure 3. Forest plot of MET amplification as an acquired resistance mechanism following 

osimertinib therapy. Individual study estimates and 95% confidence intervals are shown, with the 

diamond representing the pooled random-effects estimate. MET amplification occurred in 18.6% 

of patients with acquired osimertinib resistance (95% CI, 15.8%–21.7%), with moderate 

heterogeneity across studies. 

 

Figure 4. Forest plot showing the pooled prevalence of secondary EGFR mutations associated with acquired 

osimertinib resistance in advanced EGFR-mutated non–small cell lung cancer. Study-specific prevalence 

estimates and 95% confidence intervals are presented together with the overall random-effects pooled 

estimate. Secondary EGFR mutations were detected in 34.7% of resistant cases (95% CI, 31.2%–38.4%), 

with moderate between-study heterogeneity. 
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Co-occurring Resistance Mechanisms 

Concurrent resistance alterations were identified in 24.1% of patients. 

The most frequently observed combinations included: EGFR C797S + MET amplification; MET 

amplification + HER2 amplification; EGFR C797S + PIK3CA; MET amplification + KRAS 

mutation.  

These complex molecular profiles were associated with shorter progression-free survival following 

osimertinib failure and reduced responsiveness to subsequent targeted therapy Figure 5. 

Additional Resistance Mechanisms 

Besides EGFR mutations and MET amplification, several less common resistance pathways were 

identified: 

Resistance Mechanism Frequency (%) 

HER2 amplification 6.8 

KRAS mutations 5.1 

PIK3CA mutations 4.3 

BRAF alterations 3.1 

RET fusions 2.4 

ALK rearrangements 1.7 

Histologic transformation (SCLC) 7.2 

Squamous transformation 2.0 

Epithelial–mesenchymal transition 3.4 

 

Histologic transformation to small-cell lung cancer demonstrated one of the poorest clinical 

prognoses among identified resistance mechanisms. 
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Figure 5. Comparison of major resistance mechanisms according to the line of osimertinib therapy. MET 

amplification was more frequent after first-line osimertinib, whereas secondary EGFR mutations, particularly 

C797S, were more commonly detected after later-line osimertinib administered in patients with previously 

identified EGFR T790M-positive disease. 

Subgroup Analyses 

First-Line Versus Later-Line Osimertinib 

Patients receiving first-line osimertinib demonstrated significantly higher frequencies of MET 

amplification (21.4% vs. 15.8%; P = 0.011), whereas secondary EGFR mutations, particularly 

C797S, were more commonly observed following second-line osimertinib therapy (P = 0.018). 

Geographic Differences 

Asian cohorts exhibited a higher prevalence of secondary EGFR mutations (37.8%) compared with 

Western populations (29.6%), whereas MET amplification frequencies were comparable between 

geographic regions (19.2% vs. 17.8%). 

Molecular Testing Platform 

Studies utilizing comprehensive NGS panels identified a broader spectrum of resistance alterations 

than PCR-based approaches. Combined tissue biopsy and liquid biopsy yielded the highest overall 

detection rate (92.3%), exceeding either modality alone. 

Clinical Outcomes 

Across pooled studies, the median progression-free survival during osimertinib treatment ranged 

from 13.2 to 21.8 months, whereas the median overall survival ranged from 29.4 to 44.6 months. 

Patients harboring isolated EGFR C797S experienced longer post-progression survival than those 

with concurrent MET amplification or multiple resistance mechanisms. 

MET amplification was consistently associated with: 
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1. Earlier disease progression,  

2. Increased incidence of liver metastases,  

3. Higher tumor burden at progression,  

4. Inferior post-osimertinib survival.  

Patients receiving biomarker-guided combination therapy with EGFR and MET inhibition 

demonstrated improved response rates compared with conventional chemotherapy in studies 

reporting treatment outcomes. 

Risk of Bias Assessment 

Quality assessment using the Newcastle–Ottawa Scale demonstrated generally high 

methodological quality among included observational studies. 

1. Low risk of bias (NOS 7–9): 31 studies (72.1%)  

2. Moderate risk (NOS 5–6): 10 studies (23.3%)  

3. High risk (NOS ≤4): 2 studies (4.6%)  

The principal methodological limitations involved retrospective study design, heterogeneous 

molecular testing platforms, and variable follow-up durations. 

Publication Bias and Sensitivity Analysis 

Visual inspection of funnel plots demonstrated no substantial asymmetry for either secondary 

EGFR mutations or MET amplification. Egger's regression and Begg's rank correlation tests did 

not identify statistically significant publication bias (both P > 0.10). 

Sequential leave-one-out sensitivity analyses showed minimal changes in pooled prevalence 

estimates, indicating that no individual study disproportionately influenced the overall results. 

Statistical heterogeneity was moderate for analyses of secondary EGFR mutations (I² = 48%) and 

MET amplification (I² = 55%), supporting the use of random-effects modeling. 

DISCUSSION 

    This PRISMA-compliant systematic review and pooled analysis provides a comprehensive 

synthesis of the current evidence regarding the molecular mechanisms underlying acquired 

resistance to osimertinib in patients with advanced EGFR-mutated non–small cell lung cancer 

(NSCLC) [31]. By integrating data from 43 eligible studies and quantitatively analyzing 36 studies 

comprising 3,914 patients, our findings demonstrate that secondary EGFR mutations and MET 

amplification represent the two predominant actionable resistance mechanisms following 

osimertinib therapy [33]. Specifically, secondary EGFR mutations were identified in approximately 

one-third of resistant tumors, while MET amplification emerged as the leading EGFR-independent 

bypass pathway. Furthermore, a substantial proportion of patients exhibited multiple concurrent 

genomic alterations, emphasizing the remarkable molecular heterogeneity that develops under the 

selective pressure of third-generation EGFR inhibition [34]. 

     The introduction of osimertinib fundamentally changed the therapeutic paradigm for EGFR-

mutated NSCLC by providing superior progression-free survival, improved central nervous system 

penetration, and prolonged overall survival compared with earlier-generation EGFR tyrosine 
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kinase inhibitors (TKIs). Nevertheless, as observed with virtually all targeted therapies, tumor 

evolution under continuous therapeutic pressure ultimately leads to acquired resistance. Unlike 

resistance following first-generation EGFR-TKIs, which is predominantly driven by the T790M 

gatekeeper mutation, resistance to osimertinib exhibits substantially greater biological complexity 

involving multiple independent and overlapping genomic events [35]. 

    Our pooled analysis confirms that resistance mechanisms are broadly divided into EGFR-

dependent (on-target) and EGFR-independent (off-target) pathways, with off-target mechanisms 

collectively accounting for the majority of resistant tumors. These findings reinforce the concept 

that progressive disease following osimertinib rarely represents the consequence of a single 

molecular event but rather reflects continuous clonal evolution characterized by genomic 

diversification and increasing intratumoral heterogeneity [36]. 

    Among EGFR-dependent resistance mechanisms, EGFR C797S was consistently the dominant 

tertiary mutation across the included studies. The biological importance of C797S resides in its 

disruption of the irreversible covalent binding between osimertinib and the cysteine residue located 

within the ATP-binding pocket of the EGFR kinase domain. Loss of this covalent interaction 

restores kinase activity despite ongoing drug exposure, thereby allowing continued tumor 

proliferation [37]. 

    Our findings also identified additional tertiary EGFR alterations—including L718Q/L718V, 

G724S, L792H, G796R/G796S, and exon 20 mutations—that collectively contribute to therapeutic 

failure. Although individually uncommon, these alterations highlight the remarkable diversity of 

structural adaptations that permit EGFR signaling to escape pharmacologic inhibition [38]. 

Interestingly, secondary EGFR mutations were more frequently observed following later-line 

osimertinib administered after T790M-positive disease than after first-line osimertinib. This 

observation is biologically plausible because tumors previously exposed to earlier-generation 

EGFR inhibitors have already undergone multiple rounds of selective evolution before receiving 

osimertinib, thereby increasing opportunities for acquisition of additional tertiary mutations [39]. 

    One of the most clinically relevant findings of this review is the consistent identification of MET 

amplification as the most prevalent EGFR-independent resistance mechanism. MET activation 

enables persistent downstream signaling through the PI3K/AKT, MAPK/ERK, SRC, and STAT 

pathways independently of EGFR activation, effectively bypassing EGFR blockade while 

maintaining tumor growth and survival [40]. 

    Importantly, our pooled prevalence estimate closely aligns with observations from recent 

translational studies and biomarker analyses embedded within major clinical trials. MET 

amplification was particularly common following first-line osimertinib therapy, suggesting that 

bypass signaling may become increasingly important when EGFR inhibition is introduced earlier 

during tumor evolution [41]. 

    From a therapeutic perspective, MET amplification represents one of the most actionable 

resistance mechanisms identified to date. Clinical trials evaluating combined EGFR and MET 

inhibition—including osimertinib with savolitinib, tepotinib, or capmatinib—have demonstrated 

encouraging response rates, prolonged disease control, and acceptable safety profiles in selected 

patients with molecularly confirmed MET activation. These findings strongly support routine 
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assessment of MET status at disease progression and further validate biomarker-guided 

combination therapy as an emerging standard of care [42]. 

    Perhaps the most important biological observation emerging from this pooled analysis is the high 

prevalence of co-occurring resistance mechanisms. Nearly one-quarter of resistant tumors harbored 

multiple genomic alterations simultaneously, with combinations such as EGFR C797S plus MET 

amplification or MET amplification plus HER2 amplification occurring more frequently than 

expected by chance [43]. 

    These findings underscore the dynamic nature of tumor evolution under therapeutic selection. 

Rather than progressing through a single dominant resistance pathway, resistant tumors frequently 

consist of multiple genetically distinct subclones that evolve in parallel. Such clonal diversification 

may explain the limited efficacy of sequential single-agent targeted therapies and highlights the 

necessity for combination treatment strategies capable of suppressing multiple signaling pathways 

simultaneously [44]. 

    The observation of increasing genomic complexity also supports recent models of adaptive 

resistance, whereby resistant clones emerge from pre-existing low-frequency subpopulations rather 

than arising exclusively through de novo mutations during therapy [45]. 

    Although less common than genomic resistance mechanisms, histologic transformation—

particularly transformation to small-cell lung cancer (SCLC)—was consistently associated with 

poor clinical outcomes. Histologic transformation represents a fundamental shift in tumor biology 

characterized by lineage plasticity rather than simple kinase reactivation [46]. 

Loss of TP53 and RB1 function has been repeatedly implicated in this process, and transformed 

tumors generally demonstrate limited responsiveness to continued EGFR inhibition while 

exhibiting greater sensitivity to platinum-etoposide chemotherapy. Recognition of histologic 

transformation is therefore essential because therapeutic management differs substantially from 

that of conventional EGFR-mediated resistance [47]. 

    Our findings strongly reinforce the indispensable role of repeat molecular profiling at the time 

of disease progression. Reliance solely on radiographic evidence of progression provides no insight 

into the underlying resistance biology and may result in suboptimal therapeutic selection. 

Advances in next-generation sequencing (NGS), circulating tumor DNA (ctDNA) analysis, digital 

PCR, and comprehensive genomic profiling now permit simultaneous assessment of multiple 

resistance mechanisms using minimally invasive approaches. Nevertheless, our review 

demonstrates that tissue biopsy remains important, particularly for identifying MET amplification, 

histologic transformation, and genomic alterations that may be underrepresented in plasma-derived 

DNA. Accordingly, integration of tissue biopsy with liquid biopsy appears to provide the highest 

overall diagnostic yield and should be considered whenever clinically feasible. 

    The molecular heterogeneity identified in this review has important implications for future 

treatment strategies. Traditional sequential monotherapy is unlikely to adequately suppress tumors 

harboring multiple concurrent resistance pathways. Instead, therapeutic approaches should 

increasingly focus on rational biomarker-guided combinations tailored to individual resistance 

profiles. 

    Several promising strategies are currently under clinical investigation, including: 
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EGFR inhibition combined with MET inhibitors; Fourth-generation EGFR inhibitors designed to 

overcome C797S-mediated resistance; Bispecific antibodies targeting EGFR and MET; Antibody-

drug conjugates (ADCs); HER3-directed therapies; Combination regimens integrating targeted 

therapy with chemotherapy or immunotherapy in carefully selected molecular subgroups.  

These evolving therapeutic paradigms illustrate the transition from single-driver precision 

oncology toward multidimensional precision medicine that accounts for the complex genomic 

architecture of resistant tumors [48]. 

CONCLUSIONS 

This PRISMA-compliant systematic review and pooled analysis provides a comprehensive 

overview of the molecular mechanisms underlying acquired resistance to osimertinib in patients 

with advanced EGFR-mutated non–small cell lung cancer (NSCLC). The findings demonstrate that 

secondary EGFR mutations and MET amplification constitute the two predominant actionable 

resistance pathways, with EGFR C797S emerging as the principal on-target resistance mutation 

and MET amplification representing the leading EGFR-independent bypass mechanism. The 

frequent coexistence of multiple genomic alterations further underscores the complex clonal 

evolution and molecular heterogeneity that characterize disease progression following third-

generation EGFR tyrosine kinase inhibitor therapy. 

These results have important clinical implications for precision oncology. Comprehensive 

molecular reassessment at the time of disease progression—including tissue re-biopsy, circulating 

tumor DNA analysis, and broad next-generation sequencing—should become an integral 

component of routine clinical practice to accurately identify resistance mechanisms and guide 

individualized therapeutic decision-making. The observed diversity of resistance pathways also 

supports the growing role of biomarker-driven combination strategies, particularly dual EGFR–

MET inhibition and the development of next-generation targeted therapies designed to overcome 

tertiary EGFR mutations and bypass signaling activation. 
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