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a b s t r a c t 

Common sensitizing mutations in epidermal growth factor receptor (cEGFR), including exon 19 deletions (19- 

Del) and exon 21 L858R substitution, are associated with high sensitivity to EGFR-TKIs in NSCLC patients. The 

treatment for NSCLC patients with uncommon EGFR (uEGFR) mutations remains a subject of debate due to het- 

erogeneity in treatment responses. In this manuscript, the targeted next-generation sequencing (NGS) data of 

a large cohort of EGFR-mutated NSCLC patients was assessed to elucidate genomic profiles of tumors carrying 

cEGFR or uEGFR mutations. The results showed that NSCLC patients with uEGFR mutations were more likely to 

harbor co-occurring genetic alterations in the Hippo pathway and a higher TMB compared with cEGFR-positive 

patients. Smoking-related mutations were found to significantly enriched in uEGFR-positive patients. Subgroup 

analyses were performed to identify potential prognostic biomarkers in patients harboring various EGFR sub- 

type mutations. L858R-positive patients with co-existing ARID2 mutations had shorter progression-free survival 

(PFS) than those who were L858R- or 19-Del-positive but ARID2-negative (median: 2.3 vs. 12.0 vs. 8.0 months, 

P = 0.038). Furthermore, mutational profiles, such as top frequently mutated genes and mutational signatures of 

patients with various EGFR subtype mutations were significantly different. Our study analyzed the mutational 

landscape of NSCLC patients harboring cEGFR and uEGFR mutations, revealing specific genomic characteristics 

associated with uEGFR mutations that might explain the poor prognosis of first-generation EGFR-TKIs. 
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Lung cancer is the most common cause of cancer-related mortal-

ty worldwide, with non-small cell lung cancer (NSCLC) accounting for

80% of newly diagnosed lung cancer cases annually [1–3] . The epi-

ermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs)
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ave demonstrated profound clinical efficacies in NSCLC patients har-

oring EGFR exon 19 deletion (19-Del) or L858R mutations, showing

uperior survival benefit over platinum-based chemotherapy and fewer

ide effects [ 4 , 5 ]. 

Activation of EGFR can promote cell proliferation, angiogenesis, tu-

or invasion, and metastasis, therefore playing an essential role in the
uEGFR, uncommon EGFR; 19-Del, EGFR exon 19 deletion; 20-Ins, EGFR exon 

, next-generation sequencing; TMB, tumor mutational burden; FFPE, formalin- 

uency; COSMIC, Catalog of Somatic Mutations in Cancer; PFS, progression-free 
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evelopment and progression of NSCLC [6–8] . EGFR mutations have

een reported to occur almost exclusively in exons 18 to 21 of the gene,

hich encodes the EGFR kinase domain [ 9 , 10 ]. About 80-90% of such

utations occur as 19-Del (codons 746 to 754 in exon 19) and L858R

exon 21), termed common EGFR (cEGFR) mutations [11–13] . With ex-

ensive analysis of the molecular features of patients harboring cEGFR

utations, accumulating evidence has demonstrated distinguishing clin-

cal characteristics between 19-Del and L858R [ 4 , 14 ]. Moreover, pa-

ients with 19-Del or L858R mutations showed differential sensitivity to

arious chemotherapy or targeted therapies, although some conclusions

re still controversial [ 4 , 5 , 14–17 ]. 

Despite the high prevalence of cEGFR mutations in NSCLC, approx-

mately 10-20% of cases involve other mutation sites within exons 18

o 21 of EGFR, termed uncommon EGFR (uEGFR) mutations. G719X

exon 18), L861Q (exon 21), S768I (exon 20), and exon 20 insertions

20-Ins) are the most frequent subtypes for uEGFR mutations [18–

0] . NSCLC patients with these uEGFR mutations benefit from first-

eneration (G) EGFR-TKIs such as erlotinib and gefitinib [18–23] . In-

reasing evidence demonstrated improved outcomes for patients with

EGFR mutations such as G719X, L861Q, and S768I mutations upon

reatment with second-generation EGFR-TKIs [23] . On the other hand,

GFR 20-Ins are traditionally believed insensitive to anti-EGFR thera-

ies [24–26] . Overall, data from most retrospective studies of uEGFR

utations is highly heterogeneous. There is no consensus to determine

he therapeutic intervention for populations with uEGFR mutations. 

This study aims to systemically review the targeted sequencing re-

ults of a large cohort of EGFR-mutated NSCLC patients to investigate

he molecular landscape of patients with different EGFR mutation sub-

ypes associated with clinical response to first-generation EGFR-TKIs.

he genetic-clinical association would provide valuable information to

upport treatment selection in heterogeneous subgroups of NSCLC pa-

ients with rare EGFR mutations. 

aterials and methods 

atient enrollment and sample collection 

Tumor specimens were collected from EGFR-mutated NSCLC pa-

ients as a routine diagnosis at all participating hospitals between June

015 and May 2020. This study was approved by the institutional re-

earch ethics committee of the Nanjing Drum Tower Hospital. Writ-

en consent was acquired from each patient before sample collection.

ualified samples were subjected to targeted next-generation sequenc-

ng by a CLIA-certified and CAP-accredited clinical testing laboratory

Nanjing Geneseeq Technology Inc., Nanjing, China) using pan-cancer

ene panels (GENESEEQPRIME TM and RADIOTRON 

TM , Geneseeq Tech-

ology Inc.). Formalin-fixed paraffin-embedded (FFPE) tissue samples

ere confirmed by pathologists from the centralized clinical testing cen-

er before genetic testing. Clinical characteristics and treatment history

ere extracted from medical records. The mutational and correspond-

ng clinical data of the validation cohort comprising 156 EGFR-mutated

ung adenocarcinoma patients were downloaded from the cBioPortal for

ancer Genomics ( https://www.cbioportal.org/ ) [ 27 , 28 ]. 

argeted next-generation sequencing 

DNA extraction, library construction, and targeted capture enrich-

ent were carried out following standard protocols as previously de-

cribed with modifications [ 29 , 30 ]. FFPE samples were de-paraffinized

rst with xylene before genomic DNA extraction using QIAamp DNA

FPE Tissue Kit (Qiagen Cat. No. 56404) according to the manufacturer’s

nstructions. Genomic DNA extracted from tumor samples was qual-

fied using Nanodrop2000 (Thermo Fisher Scientific, Waltham, MA),

hen quantified using the dsDNA HS assay kit on a Qubit 3.0 fluorom-

ter (Life Technology, US) according to the manufacturer’s recommen-

ations. Targeted NGS libraries were prepared using the KAPA Hyper
2 
rep kit (KAPA Biosystems) with an optimized manufacturer’s protocol

or different sample types. Targeted capture enrichment was performed

s previously described [31] . According to the manufacturer’s instruc-

ions, the target-enriched library was then sequenced on HiSeq4000 and

iSeq4000 NGS platforms (Illumina). 

utation calling 

Sequencing data was first demultiplexed and subjected to FASTQ file

uality control using Trimmomatic [32] . Only data without extra nu-

leotide bases and passed quality control (QC above 15) were subjected

o the following analyses. Raw reads were mapped to the reference

uman Genome (hg19) using Burrows-Wheeler Aligner (BWA-mem,

0.7.12; https://github.com/lh3/bwa/tree/master/bwakit ). Genome

nalysis Toolkit (GETK 3.4.0; https://software.broadinstitute.org/

atk/ ) was employed to perform local realignment around the inser-

ions/deletions (INDELs) and base quality score recalibration. Picard

as used to remove PCR duplicates. VarScan2 was applied to detect

ingle-nucleotide variations (SNVs) and INDELs. SNVs were filtered out

f the mutant allele frequency (MAF) was less than 1% for tumor tissue

nd 0.3% for plasma samples. Eight out of ten oncogenic signaling path-

ay alterations were compared among patients with EGFR mutations

33] . The Nrf2 pathway was excluded from the pathway-level analyses

f gene alterations co-mutated in EGFR-mutated NSCLC patients, given

hat KEAP1, NFE2L2, and CUL3 were not included in the 416-cancer-

elated gene panel. The RTK/RAS pathway was also excluded, given that

ll patients in the study cohort harbored EGFR mutations. 

dentifying mutation signatures 

Information on mutational signatures prevalent in EGFR-

utated NSCLC patients was downloaded from version 3.0 of

he Catalog of Somatic Mutations in Cancer (COSMIC) database

 https://cancer.sanger.ac.uk/cosmic/signatures/ ) [ 34 , 35 ]. The muta-

ion signature was determined by matching observed mutations to the

ost frequent nucleotide base changes and the trinucleotide context

n each signature. If multiple signatures were compatible with the

utation in question, the most active signature in a specific biological

ontext referring to the scientific literature was used. 

tatistical methods 

Plots in this study were generated using the R Project for Statistical

omputing (version 3.4.0). Statistical analyses were performed using R.

isher’s exact tests were used to test the categorical variables between

roups. Kaplan-Meier curves were used to analyze progression-free sur-

ival (PFS) and overall survival (OS) of various patient groups, and the

tatistical difference was analyzed using the log-rank test. A two-sided

 value of less than 0.05 was considered significant for all tests unless

ndicated otherwise ( ∗ P < 0.05, 0.01 < 

∗ ∗ P < 0.05, ∗ ∗ ∗ P < 0.001). 

esults 

atient overview 

2,280 NSCLC patients with known EGFR mutations who underwent

argeted NGS of 416 cancer-related genes were included in the follow-

ng analyses (Supplementary Figs. 1, 2). Patients were further divided

nto two subgroups depending on whether the patient harbored common

r uncommon EGFR mutations at diagnosis. In particular, the cEGFR-

ositive cohort comprised 1,022 patients with L858R (44.8%) and 973

atients with 19-Del (42.7%). There was no significant difference in the

linical characteristics between these two cohorts (Supplementary Table

1). On the other hand, four uEGFR mutation subtypes were analyzed,

ncluding 20-Ins, G719X, L861Q, and S768I. Notably, since many pa-

ients with L861Q or S768I harbored co-existing G719X, patients with

https://www.cbioportal.org/
https://github.com/lh3/bwa/tree/master/bwakit
https://software.broadinstitute.org/gatk/
https://cancer.sanger.ac.uk/cosmic/signatures/
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Table 1 

Clinical characteristics among patients with different EGFR mutation subtypes ( N = 2280). 

Characteristics Common N (%) Uncommon N (%) 

L858R 19-Del 20-Ins G719X L861Q S768I L861Q + G719X S768I + G719X P value 

Gender 

Male 412 (40.3) 417 (42.9) 58 (41.7) 34 (57.6) 15 (33.3) 6 (75.0) 4 (66.7) 16 (57.1) 0.018 

Female 610 (59.7) 556 (57.1) 81 (58.3) 25 (42.4) 30 (66.7) 2 (25.0) 2 (33.3) 12 (42.9) 

Age 

≥ 60 years 602 (58.9) 453 (46.6) 69 (49.6) 29 (49.2) 30 (66.7) 3 (37.5) 1 (16.7) 17 (60.7) < 0.001 

< 60 years 412 (40.3) 510 (52.4) 70 (50.4) 30 (50.8) 15 (33.3) 4 (50.0) 5 (83.3) 10 (35.7) 

NA 8 (0.8) 10 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 1 (3.6) 

Histology 

ADC 868 (84.9) 806 (82.8) 120 (86.3) 52 (88.1) 37 (82.2) 5 (62.5) 3 (50.0) 23 (82.1) 0.022 

SCC 11 (1.1) 23 (2.4) 5 (3.6) 1 (1.7) 1 (2.2) 1 (12.5) 1 (16.7) 1 (3.6) 

ASC 14 (1.4) 14 (1.4) 2 (1.4) 1 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

NOS 129 (12.6) 130 (13.4) 12 (8.6) 5 (8.5) 7 (15.6) 2 (25.0) 2 (33.3) 4 (14.3) 

Stage at diagnosis 

Ⅰ 79 (7.7) 64 (6.6) 11 (7.9) 4 (6.8) 2 (4.4) 1 (12.5) 0 (0.0) 0 (0.0) 0.071 

Ⅱ 29 (2.8) 26 (2.7) 4 (2.9) 2 (3.4) 3 (6.7) 0 (0.0) 0 (0.0) 1 (3.6) 

Ⅲ 41 (4.0) 49 (5.0) 12 (8.6) 6 (10.2) 2 (4.4) 0 (0.0) 0 (0.0) 1 (3.6) 

Ⅳ 382 (37.4) 414 (42.6) 57 (41.0) 30 (50.9) 10 (22.2) 3 (37.5) 3 (50.0) 10 (35.7) 

NA 491 (48.0) 420 (43.2) 55 (39.6) 17 (28.8) 28 (62.3) 4 (50.0) 3 (50.0) 16 (57.1) 

P values are based on the Fisher’s exact test; ADC, adenocarcinoma; SCC, squamous cell carcinoma; ASC, adenosquamous cell carcinoma; NA: not available; NOS: 

not otherwise specified; Bold represents significant P values. 
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ouble EGFR mutations were separated from patients with single muta-

ions (Supplementary Fig. 2). In brief, the uEGFR-positive cohort con-

ained 139 patients with 20-Ins (6.1%), 59 patients with G719X (2.6%),

5 patients with L861Q (2.0%), 6 patients with L861Q and G719X com-

ound mutations (0.3%), 8 patients with S768I (0.4%), and 28 patients

ith S768I and G719X compound mutations (1.2%). The demographic

nd clinical characteristics of patients with varying types of EGFR muta-

ions were summarized in Table 1 . A cohort combined using two datasets

 27 , 28 ] comprising 156 EGFR-mutated patients with NSCLC was used

s an external validation set to test the robustness of our mutational pro-

ling results. Corresponding clinical characteristics of these 159 NSCLC

atients were summarized in Supplementary Table. S2. 

omatic alterations associated with different EGFR mutation subtypes 

Since there has been accumulating evidence showing that EGFR mu-

ation subtypes confer different responses to EGFR-TKIs, we analyzed

he NGS data of 2,250 EGFR-mutated NSCLC patients and characterized

he genomic landscape of these patients to explore the genetic-clinical

ssociations ( Fig. 1 a). The top frequently co-mutated genes in the cEGFR

nd uEGFR cohorts include TP53 (55.9% vs. 59.6%), PIK3CA (8.2% vs.

0.5%), RB1 (7.8% vs. 9.1%), CTNNB1 (6.8% vs. 3.5%), APC (6% vs.

.3%), SMAD4 (5.5% vs. 3.5%) and ARID1A (4.9% vs. 6.7%). Gene-

evel analyses showed that CTNNB1, which encodes 𝛽-catenin protein

reviously implicated in the pathogenesis of several cancers, was sig-

ificantly more enriched in patients with cEGFR than those with uEGFR

 P < 0.05, Fig.1b ). In great contrast, genes such as MED12, RICTOR, and

ATA1 showed a higher mutation frequency in patients with uEGFR mu-

ations (P < 0.01). Pathway-level analyses revealed that hippo pathway

ene alterations were more frequently observed in patients harboring

EGFR mutations than those with cEGFR mutations ( Fig. 1 c). In addi-

ion, FAT1 showed a strong correlation with PMS2, MED12, and GATA6

n cEGFR-positive patients ( P < 0.05, Fig. 1 d). In contrast, no significant

orrelation was observed in the uEGFR cohort ( Fig. 1 e). 

We next assessed the tumor mutational burden (TMB) in the cEGFR

nd uEGFR cohorts. TMB associated with uEGFR mutations was signif-

cantly higher than with cEGFR mutations (5.07 vs. 3.80, P < 0.01,

ig. 1 f). Consistent with this finding, a higher TMB was observed in

EGFR-positive patients in the validation cohort ( P = 0.1746, Fig. 1 g).

e reasoned that the insignificant difference could be due to the limited

ample size of validation patients harboring uEGFR mutations (Supple-

entary Table. S2). Overall, our findings indicate that although patients
3 
ith either cEGFR or uEGFR mutations showed some similarities in their

enomic landscapes, for example, high mutational frequency in TP53,

I3KCA, and RB1. Gene- and pathway-level analyses implicated unique

olecular features of patients with uEGFR mutations that might be as-

ociated with differential responses to targeted therapy. 

utational signatures in patients with common or uncommon EGFR 

utations 

We then analyzed our data set of somatic mutational signatures

ssociated with common and uncommon EGFR mutations. BRCA1/2-

elated signature (signature 3) and immunoglobulin-related signature

signature 9) showed a higher prevalence in patients with cEGFR muta-

ions ( Fig. 2 a). In great contrast, smoking-induced mutations (signature

) showed enrichment in the uEGFR subgroup, consistent with results

btained by assessing the external validation cohort ( Fig. 2 b). Unlike

ndings obtained using the discovery patient cohort, no significant dif-

erence in the contribution of mutations in neither the BRCA- nor the

mmunoglobulin-related signatures was observed, presumably due to

he relatively small sample size in cEGFR-positive patients in the valida-

ion cohort (1,995 discovery cEGFR vs. 138 validation cEGFR, P < 0.001,

upplementary Table S2). Overall, these results suggest that NSCLC pa-

ients carrying common or uncommon EGFR mutations may have un-

ergone distinct mutational processes, resulting in unique mutational

atterns and specific activities in the genome during tumorigenesis and

ancer development. 

ubgroup analysis reveals unique molecular features of EGFR mutation 

ubtypes 

Fifty patients in our discovery cohort underwent first-generation

GFR-TKI treatment (Supplementary Table S3). The progression-free

urvival (PFS) of patients with uEGFR mutations was significantly

horter than those harboring cEGFR mutations (median: 9.03 vs. 4.35

onths, P = 0.039, Fig. 3 a), suggesting that NSCLC patients with uEGFR

utations are associated with a poorer prognosis than those with cEGFR

utations on first-generation EGFR-TKI treatment. Consistent with this

otion, the overall survival (OS) greatly benefited from first-generation

GFR-TKIs when patients harbored cEGFR mutations rather than uEGFR

utations (median: 85.3 vs. 19.3 months, P = 0.01, Fig. 3 b). Further

nalyses indicated that none of the clinical characteristics, specifically

he patients’ gender, age or line of treatment, contributed to the effi-
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Fig. 1. Somatic alterations associated with common and uncommon EGFR mutations. a. The genomic landscape of patients with common or uncommon EGFR 

mutations. Individual gene mutations in baseline tumor samples of EGFR-mutated NSCLC patients ( N = 2280) were assessed by targeted NGS. Each column represents 

one patient. Clinical characteristics of patients are shown at the top. The frequency of each gene alteration is listed on the right. b. The bar plot shows the different 

distribution of somatic mutations in the cEGFR and uEGFR patient cohorts. c. The correlation between signaling pathways in which the concurrent mutations occur 

and EGFR subtypes. d-e. The heatmap demonstrates how frequently two somatic mutations occur in patients with cEGFR (d) or uEGFR mutations (e). f-g. Higher 

TMB was more likely associated with patients harboring uEGFR mutations than those carrying cEGFR mutations assessed by using the discovery study cohort (f) or 

the external validation cohort (g). 

c  

o

p  

s  

F  

s  

E

A  

 

N  

e  

t  

m  
acy of EGFR-TKIs ( Table 2 , Supplementary Fig. 3a). However, the PFS

f patients with PI3K (median: 5.3 vs. 10.0 months, P = 0.047) or TGF 𝛽

athway gene alterations (median: 7.0 vs. 24.7 months, P = 0.028) was

ignificantly shorter than their wild-type counterparts (Supplementary

ig. 3b, 3c), implicating that there are other non-negligible factors as-

ociated with the differential responses to first-generation EGFR-TKIs in

GFR-mutated NSCLC patients. 
4 
nalysis of molecular features of patients with mutation of 19-Del or L858R

Since previous studies have demonstrated a prolonged survival of

SCLC patients with EGFR 19-Del than those with L858R [ 4 , 15 , 16 ], we

valuated the molecular features of patients with either 19-Del or L858R

o explain the different clinical responses to EGFR-TKIs. Interestingly,

utations in FLT4, ARID2, MTOR, and DPYD showed a higher preva-



Y. Bai, X. Liu, L. Zheng et al. Neoplasia 38 (2023) 100888 

Fig. 2. The smoking-related mutational signature was enriched in uEGFR patients. a. Stacked bar plot illustrates the contribution of mutational signatures in cEGFR 

and cEGFR cohorts using the discovery cohort ( N = 2,280). b. Stacked bar plot demonstrates the contribution of mutational signatures in cEGFR and cEGFR cohorts 

using the external validation cohort ( N = 156). 

Fig. 3. uEGFR mutations confer a poor prognosis on first-generation EGFR-TKI treatment. a. Kaplan-Meier estimates of progression-free survival (PFS) in NSCLC 

patients with cEGFR or uEGFR mutations who had received first-generation EGFR-TKI treatment ( N = 50). b. Kaplan-Meier estimates of overall survival (OS) using 

the external validation cohort patients ( N = 156). 

Table 2 

Univariate analysis of factors associated with first-generation EGFR-TKI clinical 

responses. 

Factor N (%) HR for PFS P value 

Gender (female) 27 (54.0) 1.08 (0.60 ∼1.93) 0.805 

Age ( ≥ 60) 21 (42.0) 1.25 (0.69 ∼2.26) 0.464 

EGFR mutation subtype (uEGFR) 6 (12.0%) 2.51 (1.01 ∼6.21) 0.039 

Signaling pathways 

Cell cycle 9 (18.0) 0.58 (0.28 ∼1.24) 0.157 

Hippo 2 (4.0) 2.66 (0.61 ∼11.52) 0.175 

Myc 3 (6.0) 0.74 (0.22 ∼2.51) 0.627 

Notch 4 (8.0) 0.97 (0.30 ∼3.16) 0.961 

PI3K 11 (22.0) 2.21 (1.00 ∼4.93) 0.047 

TGF 𝛽 3 (6.0) 0.22 (0.05 ∼0.94) 0.028 

p53 38 (76.0) 1.50 (0.75 ∼3.00) 0.244 

Wnt 9 (18.0) 1.32 (0.60 ∼2.88) 0.484 

Bold represents statistically significant P values based on the log-rank test. 
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ence in patients with L858R, whereas mutations in SMAD4, PKHD1,

nd MED12 were more commonly identified in patients with 19-Del

 Fig. 4 a). Pathway-level analysis results demonstrated that gene alter-

tions related to the TGF 𝛽 signaling pathway were markedly enriched

n patients with 19-Del rather than L858R ( Fig. 4 b). Although no sig-

ificant difference in TMB was observed in the 19-Del and L858R co-

orts, somatic mutations belonging to the BRCA- and immunoglobulin-

elated signatures showed a higher prevalence in patients with L858R

han those with 19-Del ( Fig. 4 c, d). Of the four significantly enriched

enes in patients with L858R, only ARID2 was associated with patients’
5 
urvival after first-generation EGFR-TKI treatment. Specifically, the PFS

f patients with L858R-positive and ARID2-positive tumors was signifi-

antly shorter than patients with cEGFR-positive and ARID2-negative tu-

ors ( Fig. 4 e, Supplementary Fig. 3d). Although TGF 𝛽 gene alterations

howed a higher prevalence in patients with 19-Del, no significant differ-

nce was observed in the PFS of 19-Del-positive patients with or without

utated TGF 𝛽 pathway (median: 16.4 vs. 7.0 months, P = 0.17, Supple-

entary Fig. 3e). In addition, the PFS of uEGFR-positive patients car-

ying TGF 𝛽 gene alterations showed no significant difference compared

o uEGFR-positive patients with unaltered TGF 𝛽 pathway (P = 0.13, Sup-

lementary Fig. 3f). 

nalysis of gene-level and pathway-level changes among EGFR mutation 

ubtypes 

Given that uEGFR mutations in NSCLC are heterogeneous, EGFR-

KIs can have different efficacy in this specific population. Therefore,

urther assessment is required to decipher the genetic-clinical asso-

iations among these patients. Similarly, we assessed gene-level and

athway-level changes among EGFR mutation subtypes, specifically 20-

ns, G719X, L861Q and S768I. Notably, RNF43 mutation was more

requently observed in the G719X cohort, while DICER1, CSF1R, and

ATA6 mutations were more likely associated with L861Q ( Fig. 5 a). Pa-

ients with S768I, on the other hand, tended to carry TSHR and EPHA3

utations compared to other EGFR subtypes. We also showed that mu-

ational signatures were significantly different among EGFR mutation

ubtypes ( Fig. 5 b). No significant difference regarding the pathway-level

hanges or TMB was observed in our analysis ( Fig. 5 c, d). Lastly, we
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Fig. 4. Comparing the molecular features of NSCLC patients with L858R or 19-Del mutations. a. Somatic mutations showed differential distribution in patients with 

L858R and 19-Del mutations. b. Mutations in the TGF 𝛽 signaling pathway were enriched in patients with 19-Del. c. No significant difference was observed in TMB 

between the two cohorts. d. Mutational signatures attributed by L858R and 19-Del mutations. e. Kaplan-Meier estimates of PFS in L858R-positive or 19-Del-positive 

NSCLC patients with or without ARID2 mutations. 
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ompared the top frequently mutated genes in patients with single and

ompound EGFR mutations, and no significantly differentially mutated

enes were identified (Supplementary Fig. 4). Indeed, previous stud-

es suggest that G719X is frequently observed in patients with L861Q

r S768I as a co-existing mutation [36] , though the mechanism behind

his co-mutation remains unclear. 

iscussion 

In this study, we retrospectively analyzed targeted next-generation

equencing results of baseline tumor specimens collected from 2,280

GFR-mutated patients with NSCLC. We used an external valida-

ion cohort comprising 156 patients from two public-available patient

atabases to cross-validate our findings. This study indicates that pa-
6 
ients with common or uncommon EGFR mutations have a unique

olecular landscape, which probably underlies their differential re-

ponses to targeted therapies such as first-generation EGFR-TKIs. 

Previous studies have demonstrated the efficacy of EGFR-TKIs on

SCLC patients harboring EGFR 19-Del and L858R mutations. However,

ery little was known about why the median progression-free survival

ime of patients harboring 19-Del was significantly improved compared

ith patients carrying L858R mutation following first-line EGFR-TKI

reatment. The current study found that the presence of somatic muta-

ions in ARID2, a gene that encodes a protein that functions in the chro-

atin remodelling complex to promote gene transcription, might confer

 significantly shorter PFS in patients harboring L858R compared to pa-

ients with 19-Del ( Fig. 4 a, e, Supplementary Fig. 3d). We also demon-

trated that the enrichment of BRCA1/2- and immunoglobulin-related
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Fig. 5. Subgroup analysis of the molecular features of NSCLC patients with uEGFR mutations associated with different clinical responses. a. Somatic mutations 

showed differential distribution among patients with different EGFR mutation subtypes. b. No significant difference was observed in the pathway-level analysis of 

somatic mutations identified among EGFR mutation subtypes. c. TMB associated with each type of uEGFR mutation showed no significant difference. d. Mutational 

signatures attributed by uEGFR mutations. 

m  

s

 

m  

t  

t  

t  

t  

t  

c  

t  

a  

(  

u  

t  

f  

a  

w  

t  

a  

t  

g  

G

 

w  

o  

o  

d  

t  

i  

w  

t

 

m  

s  

p

E

 

D  

e

C

A

 

Z

 

J

 

P  

Z

F

 

S

R

utational signatures in the L858R cohort might explain the differential

ensitivity to EGFR-TKIs ( Fig. 4 d). 

Approximately 10-20% of EGFR mutation sites occur within or, even

ore rarely, outside the kinase domain of the receptor (i.e., uEGFR mu-

ations). Prior data derived from retrospective series of uEGFR muta-

ions are highly heterogeneous in which the efficacy data are not dis-

inguished between single and compound mutations. An initial objec-

ive of this study was to provide explanations for different sensitivity

o EGFR-TKIs among patients with various EGFR mutation subtypes by

haracterizing somatic alterations, TMB and mutational signatures of

hese patients. This study confirms that uEGFR mutations are associ-

ted with a poorer prognosis after first-generation EGFR-TKI treatment

 Fig. 3 ). One possible explanation for this was that patients harboring

EGFR mutations tend to have more Hippo pathway-related gene al-

erations and higher TMB than those with cEGFR mutations ( Fig. 1 c,

). Surprisingly, S768I was associated with somatic mutations in TSHR

nd EPHA3, whereas L861Q was more frequently observed in patients

ith concurrent DICER, CSF1R, and GATA6 mutations ( Fig. 5 a). Unfor-

unately, this study was unable to identify differential genetic alterations

ssociated with single or compound mutations. One possible explana-

ion for this is that S768I or L861Q shows a lower penetrance in the

enome, thereby being more likely to form compound mutations with

719X than other uEGFR mutations. 

Despite the above-mentioned promising results, some limitations

ere associated with the study. For example, due to the limited number

f patients with available clinical data, we could not assess the efficacy

f EGFR-TKIs in patients harboring EGFR 20-Ins. Previous studies have

emonstrated that EGFR 20-Ins-positive patients responded poorly to

argeted EGFR inhibitors, including the third-generation EGFR-TKI, os-

mertinib [37–39] . Future research should be undertaken to investigate

hy patients with this mutation adopt poor clinical responses and how

o improve the survival benefit of these patients. 

In conclusion, we systematically elucidated molecular profiles of tu-

ors collected from NSCLC patients harboring different EGFR mutation
7 
ubtypes, which showed specific genomic characteristics that might ex-

lain differential treatment responses to first-generation EGFR-TKIs. 
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