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Purpose: Sensitivity to epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) varies among individuals harboring 
exon 19 deletions (19del) at different amino acid positions and EGFR 19del or deletion–insertions (19delins), and the role of 
chemotherapy in this context remains unknown. Therefore, we investigated how chemotherapy and the EGFR 19del subtype affect 
the clinical outcomes of patients with advanced non-small cell lung cancer (NSCLC) treated with first-generation TKIs.
Patients and Methods: Eighty patients at one hospital who harbored an EGFR 19del mutation were retrospectively included. 
Survival analyses were performed by comparing first-line treatments, EGFR 19del variants, and the coding positions at which the 
deletions began.
Results: Among the 80 patients, 37 and 43 received first-generation TKIs and TKIs and chemotherapy, respectively. Progression-free 
survival (PFS) and overall survival (OS) were comparable between the two groups. The results were the same for patients with the 
EGFR p.E746 mutation (n = 56) and those with the p.L747 mutation (n = 23). However, in the subgroup of patients treated with TKIs, 
the results favored patients with EGFR p.E746 mutations over those with p.L747 mutations, as the median PFS differed by 4 months. 
In the EGFR p.L747 subgroup, PFS and OS were significantly longer in patients treated with chemotherapy and TKIs than in those 
treated with TKIs alone. Both EGFR p.L747 and treatment with TKIs were significant risk factors for poor PFS. Eastern Cooperative 
Oncology Group performance status was the only significant independent risk factor for poor OS. Compared with TKIs alone, 
combination therapy was associated with more grade III or IV toxicity effects.
Conclusion: Additional chemotherapy did not benefit patients with p.E746 mutations but did significantly improve the PFS and OS of 
those with p.L747 mutations. Thus, chemotherapy + first-generation TKI combination therapy for patients with advanced NSCLC 
should be carefully selected.
Keywords: progression-free survival, overall survival, first-line therapy, combination therapy

Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide,1 and most primary lung cancers are NSCLCs. The 
EGFR gene was the first druggable gene identified in NSCLC. In-frame EGFR exon 19 deletion (19del) and the exon 21 
L858R point mutation, which account for 85% of all EGFR mutations, were subsequently identified as the most prevalent 
mutations.2 These mutations are sensitive to EGFR-TKIs,3 as several clinical studies have demonstrated the efficacy of 
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these agents over chemotherapy in patients with EGFR mutations.4–10 Consequently, first-generation TKIs have become 
the standard treatment for NSCLC.

On the basis of the deletion location, EGFR 19del can be divided into several subtypes. Deletions starting from E746 
(delE746-A750) are the most frequent, followed by delL747-P753insS, delL747-A750insP, and delL747-T751.11 

Additionally, deletions in exon 19 that occur at different amino acid positions and EGFR 19del or deletion–insertions 
(19delins) result in differential sensitivity to EGFR-TKIs; however, the conclusions have been inconsistent.12–19 

Moreover, resistance to TKIs remains a major concern. Thus, several approaches have been proposed to improve the 
efficiency of and delay resistance to first-generation TKIs.

A combination of bevacizumab and first-line erlotinib improved PFS but did not improve OS in 154 patients with 
stage IIIB/IV or postoperative recurrent NSCLC.20,21 Moreover, the efficacy outcomes of FASTACT-2 improved with an 
intercalated regimen of chemotherapy and an EGFR inhibitor in patients with advanced NSCLC.22 The Phase II clinical 
study NEJ005 revealed that OS greatly improved (41.9 vs 30.7 months, P = 0.036) after first-line combination therapy 
with chemotherapy and gefitinib compared with that after gefitinib monotherapy.23 NEJ009 and another Phase III clinical 
study conducted in India revealed that compared with gefitinib alone, gefitinib combined with platinum-pemetrexed 
resulted in better PFS and OS.24,25 Furthermore, JMIT, a phase II clinical study conducted in East Asia, reached its 
primary endpoint and reported that the PFS was significantly longer with pemetrexed + gefitinib than with gefitinib 
alone.26 In contrast, while the OS was long, the length of time was insignificant.27

More treatments mean a higher incidence of toxicity and side effects. In previous studies,24,25 grade 3 or greater 
toxicity was more common in the combination therapy group than in the TKI alone group. A more precise way to balance 
the toxicity risks of combination therapy against potential benefits in specific subpopulations is needed.28

Nevertheless, none of these clinical studies considered the EGFR 19del subtype. Therefore, we performed 
a retrospective, single-center study to determine whether EGFR mutation subtypes influence treatment outcomes and 
to identify patients who would derive the greatest benefit from combination therapy with first-generation TKIs and 
chemotherapy. Our findings may lead to more precise treatments for these patients in the future.

Materials and Methods
Patients
In this retrospective study, we reviewed the next-generation sequencing (NGS) data of 1190 patients diagnosed with 
NSCLC at the Anhui Chest Hospital between October 2018 and February 2022. Among them, 259 patients had 
confirmed EGFR 19del. The inclusion criteria for this study were a) advanced-stage NSCLC, b) age > 18 years, and 
c) first-line treatment with first-generation EGFR-TKIs. The exclusion criteria were a) anti-vascular endothelial growth 
factor receptor (VEGFR) therapy as a first-line treatment and b) patients who had received thoracic radiotherapy. All 
patients included in the study had complete clinical records and tissue samples for histological evaluation. Clinical 
staging was performed according to the eighth edition of the Tumor Node Metastasis Classification for NSCLC.29 In all, 
80 patients were included in the study after the inclusion and exclusion criteria were applied. This study was conducted 
in accordance with the Declaration of Helsinki and received approval from the Institutional Review Board of the Anhui 
Chest Hospital on April 18, 2022 (approval number: K2022-029). Written informed consent was waived due to the 
study’s retrospective nature. The study workflow is illustrated in Figure 1.

NGS
All genomic profiling was performed at the Pathology Department of Anhui Chest Hospital. EGFR mutations were 
detected via NGS using the DA8600 platform, as previously described.30 DNA was extracted using a TIANamp FFPE 
DNA Kit (TIANGEN, Beijing, China). In all, 400 ng of DNA per sample was used for the preparation of a DNA library. 
The concentration of the DNA library was measured using a Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific, 
Waltham, MA, USA). RNA was extracted using the RecoverAllTM Total Nucleic Acid Isolation Kit (Thermo Fisher 
Scientific). The quality of the RNA obtained was assessed using a Qubit RNA HS Assay Kit (Thermo Fisher Scientific). 
Total RNA (100 ng) was reverse transcribed using a random primer mixture. The synthesized cDNA was end-repaired 
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and subsequently used to generate sequencing libraries according to the manufacturer’s instructions. The sequencing 
library was generated using a Novogene library construction kit (Tianjin Novogene Bioinformatics Technology Co., Ltd., 
Tianjin, China) according to the manufacturer’s instructions. This kit uses multiplex PCR capture and semiconductor 
sequencing technologies to purify DNA and RNA from formalin-fixed paraffin-embedded (FFPE) sections. The DNA 
and RNA were subsequently purified, the DNA and cDNA fragments of the target region were subsequently enriched 
using multiplex PCR, and the enriched libraries were quantified and subjected to quality control. The quantified libraries 
were then sequenced using a gene sequencer (DA8600; Zhongshan University Daan Gene Co., Ltd., Registration No.: 
20,143,401,961) to obtain the DNA and RNA sequences of the target regions. In this study, we performed preliminary 

Figure 1 Experimental workflow. First, we retrospectively reviewed the NGS data of 1190 patients diagnosed with NSCLC in our hospital. Second, 259 patients with the 
EGFR 19del were identified. Finally, on the basis of the inclusion and exclusion criteria, we enrolled 80 patients in our study.
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bioinformatics analyses involving data preprocessing, DNA comparison, and variant detection using Ion Reporter 
software (version 5.6) integrated with the DA8600 sequencer. The DNA variants and RNA fusions were subsequently 
transferred to the “Human EGFR, KRAS, BRAF, PIK3CA, ALK, and ROS1 Gene Mutation Detection Kit Analysis 
Software” by Tianjin Novozymes Bioinformatics Co., Ltd., for further advanced processing. Initial processing was 
performed to achieve base identification and data filtration, resulting in DNA/RNA sequences in the BAM format. DNA 
sequencing data were aligned against the reference genome (hg19) using TMAP software, which resulted in the 
generation of postcomparison BAM files. We employed TVC Variation Detection Software to identify single- 
nucleotide variants (SNVs) and insertions/deletions (indels), which are reported in VCF format. A mutation frequency 
threshold of 0.7% was applied for SNVs, while 1% was applied for Indels. The analysis progressed with data transferred 
to the gene mutation detection kit software, after which in-depth evaluations were performed. This included maintaining 
a minimum sequencing depth of 3000X for DNA mutation hotspots and at least 60,000 sequences for RNA data to meet 
quality control standards. Mutation results underwent annotation and filtering to retain hotspot annotations, while RNA 
sequences were assessed for fusion using TMAP, which validated sequences with overlap lengths of no fewer than 25 bp 
and error rates below 4%. Finally, mutations that met quality benchmarks were automatically classified by the software as 
positive or negative based on established thresholds: SNVs with mutation frequencies ≥0.7% and Indels ≥1% were 
considered positive, as were fusion sequences supported by at least 200 sequences. First-line NGS-detected samples 
included FFPE tumor tissue (n = 57), plasma (n = 22), and malignant pleural effusion (n = 1) samples.

Random Assignment
The enrolled patients were recruited not only from the Department of Oncology but also from the Department of 
Respiratory Medicine, the Department of Surgery, and other departments. Treatment plans were determined by treating 
physicians on the basis of age, ECOG PS, disease stage, patient willingness to receive certain treatments, and economic 
status, among other factors. However, EGFR subtypes were not considered. Therefore, the treatment decisions were 
considered randomized.

Treatment Protocol
Patients received initial doses of gefitinib, erlotinib, and icotinib at 250, 150, and 375 mg/day, respectively. Patients in the 
TKI + chemotherapy (T+C) cohort received intravenous pemetrexed (500 mg/m2) and cisplatin (75 mg/m2) or carbo
platin (5 × area under the curve) on day 1 of a 21-day cycle for four or six cycles, followed by concurrent TKI and 
pemetrexed maintenance. Each treatment was administered until progressive disease or unbearable toxicity was observed.

Response and Toxicity Evaluation
Chest CT scans were performed every 1–2 months to evaluate treatment response and disease progression. Tumor 
response was evaluated according to the Response Evaluation Criteria in Solid Tumors version 1.1.31 Responses were 
classified as complete response (CR), partial response (PR), stable disease (SD), progressive disease (PD) or none
valuable. PD was defined as a ≥20% increase in the sum of the longest diameters of target lesions, calculated relative to 
the smallest sum recorded during treatment, with an absolute increase of ≥5 mm, or progression of nontarget lesions or 
new lesions. The ORR was defined as the proportion of patients who achieved CR or PR. The DCR was defined as the 
proportion of participants who achieved CR, PR, or SD. PFS was calculated from treatment initiation to disease 
progression or death. OS was determined from the date of treatment initiation to the date of death or until the last follow- 
up on March 31, 2024. The National Cancer Institute Common Terminology Criteria for Adverse Events 5.0 was used to 
grade adverse events.

Statistical Analysis
The primary endpoint was PFS, and the secondary endpoints were OS and safety. PFS and OS were estimated using the 
Kaplan–Meier method. Independent risk factors were assessed using multivariate analysis with a Cox proportional 
hazards model. Baseline variables that were considered clinically relevant or that showed a univariate relationship with 
the outcome were included in the multivariate Cox proportional hazards regression model. Chi-square and Fisher’s exact 
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tests were used to analyze the correlations among EGFR variants and clinicopathological variables. Statistical signifi
cance was set at P < 0.05. GraphPad Prism software (GraphPad Inc., La Jolla, CA, USA) was used to generate survival 
curves, and all the statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA).

Results
Baseline Patient Characteristics
Among the 259 patients diagnosed with EGFR 19del, 69 had uncommon EGFR 19delins. The distribution of variants is 
shown in Figure 2a. Patients were classified into the EGFR p.E746 and EGFR p.L747 subgroups according to the starting 
position of the deletion. A greater percentage of EGFR 19delins was observed in the EGFR p.L747 subgroup than in the 
EGFR p.E746 subgroup (43/67 vs 25/190, P < 0.001; Figure 2b). Eighty patients were included in the study, and of these, 
43 were in the T+C cohort and 37 were in the T cohort. The median PFS and OS of the 80 patients were 12 and 35 
months, respectively. No significant differences were detected in basic clinical features, including age, sex, baseline brain 
metastasis status, Eastern Cooperative Oncology Group (ECOG) performance status (PS), and smoking history, between 
the subgroups (see Table 1 for the baseline characteristics of the patients). Among them, one patient harbored an 
S752_I759del.

Survival Analysis
TKIs vs TKIs + Chemotherapy
The objective response rate (ORR) and disease control rate (DCR) in the TKI + chemotherapy cohort were 83.7% and 
95.3%, respectively, whereas the 37 patients who received first-generation TKIs had an ORR of 78.4% and a DCR of 
94.6%. No significant difference was observed in the ORR (P = 0.542) or DCR (P = 1) between the groups. Patients had 
a median PFS of 16 months (95% CI 12.377–19.623) and 11 months (95% CI 8.454–13.546) in the T+C and T cohorts, 
respectively, although the difference was not statistically significant (P = 0.062; see Figure 3A for PFS between T vs T 
+C); this was similar to the difference in median OS between the two groups (37 months [95% CI 26.289–47.711] vs 34 
months [95% CI 25.396–44.604], P = 0.14) (see Figure 3B for OS between T vs T+C).

EGFR 19del vs 19delins
We divided the patients into the EGFR 19del (n = 59) and EGFR 19delins (n = 21) subgroups according to the presence 
or absence of insertions. The baseline characteristics, including age, baseline brain metastasis status, sex, and smoking 
history, were similar between the two groups. The median PFS was 15 months (95% CI 6.028–23.972) in patients with 
EGFR 19del and 12 months (95% CI 9.187–14.813, P = 0.997) in those with EGFR 19delins (see Figure 3C for PFS 
between EGFR 19del and 19delins). The median OS was similar between patients with EGFR 19del and those with 
EGFR 19delins (38 months [95% CI 17.144–58.856] vs 35 months [95% CI 30.891–39.109]; P = 0.802) (see Figure 3D 
for OS between patients with EGFR 19del and those with EGFR 19delins).

p.E746del vs p.L747del Subtypes
The median PFS of patients harboring EGFR p.L747 mutations was shorter than that of patients harboring EGFR p.E746 
mutations (10 months [95% CI 7.253–12.747] vs 14 months [95% CI 11.310–16.690, P = 0.146]) (see Figure 3E for PFS 
between the EGFR p.E746del subgroup and the p.L747 subgroup). In contrast, patients with EGFR p.L747 mutations had 
a shorter median OS (24 months, 95% CI 3.241–44.759) than did patients with EGFR p.E746 mutations (36 months, 95% 
CI 31.281–40.719 [P = 0.479]; see Figure 3F for OS between the EGFR p.E746del subgroup and the p.L747 subgroup), 
although these differences were not statistically significant.

Wild-Type vs Mutant TP53
The median PFS in patients harboring TP53 mutations was numerically shorter than that in patients with wild-type TP53 
(12 months [95% CI 11.044–12.956] vs 15 months [95% CI 9.773–20.227, P = 0.830]) (see Figure 3G for PFS between 
patients with wild-type and those with mutant TP53). The median OS was similar between patients with TP53 mutations 
and those with wild-type TP53 (37 months [95% CI 30.527–43.473] vs 35 months [95% CI 30.059–39.941]; P = 0.480) 
(see Figure 3H for OS between patients with wild-type and mutant TP53).
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Exploratory Subgroup Survival Analyses (TKIs vs TKIs + Chemotherapy Combined with p.E746del vs p. 
L747del)
Among the 37 patients who received only TKIs, 25 had EGFR p.E746 mutations, whereas 12 had EGFR p.L747 
mutations. The median PFS of the EGFR p.E746 subgroup was longer than that of the EGFR p.L747 subgroup (12 
months [7.104–16.896] vs 8 months [5.454–10.546], P = 0.011; Figure 4A). Similarly, the median OS of patients with p. 
E746 EGFR mutations was significantly longer than that of patients with p.L747 EGFR mutations (36 months 

Figure 2 Mutation overview. (a) Pie chart illustrating the distribution of EGFR exon 19 deletion variants among 259 patients. (b) The percentage of EGFR exon 19 deletion– 
insertions was greater in patients with the EGFR p.L747 mutation than in those with the EGFR p.E746 mutation (43/67 vs 25/190, P < 0.001). EGFR, epidermal growth factor 
receptor; EGFR 19delins, exon 19 deletion-insertion; **, statistically significant.
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[31.314–40.686] vs 21 months [9.118–32.882], P = 0.026; Figure 4B). However, the median PFS (P = 0.800) and the 
median OS (P = 0.439) were not significantly different between the two groups of patients who received TKIs plus 
chemotherapy (Figure 4C and D).

Among patients harboring EGFR p.E746 mutations, 25 received first-generation TKIs as first-line treatment, while 32 
received TKIs and chemotherapy. Age, baseline brain metastasis, sex, and smoking history were similar between the 
groups. The median PFS was 12 months (95% CI 7.104–16.896) for patients who received TKIs and 14 months (95% CI 

Table 1 Baseline Characteristics of the Included Patients

TKIs  
(N = 37), N (%)

Chemotherapy +  
TKIs (N = 43), N (%)

P value E746  
(N = 57), N (%)

L747  
(N = 22), N (%)

P value

Median age (range), years 64 (40–86) 56 (39–78) 0.051 61 (39–86) 58 (46–81) 0.787

Sex

Male 18 (49%) 20 (47%) 0.849 26 (46%) 12 (55%) 0.476
Female 19 (51%) 23 (53%) 31 (54%) 10 (45%)

Smoking history

Never 26 (70%) 30 (70%) 0.961 42 (74%) 13 (59%) 0.206

Ever 11 (30%) 13 (30%) 15 (26%) 9 (41%)

PS (ECOG)

0/1 27 (73%) 37 (86%) 0.145 46 (80%) 17 (77%) 0.760

2/3 10 (27%) 6 (14%) 11 (20%) 5 (23%)

Brain metastasis

Yes 8 (22%) 5 (12%) 0.227 8 (14%) 4 (18%) 0.729
No 29 (78%) 38 (88%) 49 (86%) 18 (82%)

EGFR-TKI

Gefitinib 26 (70%) 31 (73%) 0.565 40 (70%) 16 (73%) 1.000

Erlotinib 3 (8%) 1 (2%) 3 (5%) 1 (4%)
Icotinib 8 (22%) 11 (25%) 14 (25%) 5 (23%)

EGFR 19del 26 (70%) 33 (77%) 0.512 49 (86%) 9 (41%) 0.000
EGFR 19delins 11 (30%) 10 (23%) 8 (14%) 13 (59%)

EGFR variants

p.E746_A750del 21 (57%) 28 (65%) 0.419 49 0

p.L747_T751del 5 (14%) 4 (9%) 0 9

p.L747_P753delinsS 6 (16%) 3 (7%) 0 9
p.E746_ T751delinsA 3 (8%) 1 (2%) 4 0

Starting position of the deletion

E746 25 (68%) 32 (74%) 0.394 56 0

L747 12 (32%) 10 (23%) 0 23

Treatment

TKI 37 0 25 (44%) 12 (55%) 0.394

TKI + chemotherapy 0 43 32 (56%) 10 (45%)
Retested after progression 24 29 41 12

Acquisition of T790M 12 (50%) 16 (55%) 0.707 20 (48.7%) 8 (66.7%) 0.275

Note: Data in bold: statistically significant. 
Abbreviations: BBM, baseline brain metastasis; CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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10.304–17.696, P = 0.461) for those who received combination therapy (Figure 4E). Furthermore, the median OS was 
similar between patients who received TKIs alone and those who received combination therapy (36 months, 95% CI 
31.314–40.686 vs 35 months, 95% CI 27.093–42.907; P = 0.783) (Figure 4F).

Among patients harboring an EGFR p.L747 mutation, 12 received TKIs as first-line therapy, while 10 received TKIs 
combined with chemotherapy. Clinical characteristics, including age, baseline brain metastasis status, sex, and smoking 
history, were not significantly different between the groups. The median PFS of patients who received combination 
therapy was significantly longer than that of patients who received only TKIs (19 months [95% CI 3.505–34.495] vs 8 
months [95% CI 5.454–10.546] P = 0.003) (Figure 4G). Similarly, the median OS was significantly longer in patients 
treated with combination therapy than in those treated with TKIs alone (44 months [95% CI could not be attained] vs 21 
months [95% CI 9.118–32.882]) (P = 0. 038) (Figure 4H).

Univariate and Multivariate Cox Proportional Hazards Models
Multivariate Cox proportional hazards models were used to identify the predictive effects of different variables on PFS 
and OS (see Table 2 for univariate and multivariate Cox proportional hazards models).

Age, sex, smoking status, ECOG PS, baseline brain metastasis, EGFR variant type, starting position of the deletion, 
number of missing nucleotides, and first-line treatment were included in the univariate analysis, which revealed that none 

Figure 3 Kaplan–Meier curves for progression-free survival (PFS) and overall survival (OS) between groups. Comparison of PFS (A) and OS (B) between the TKI and TKI 
+chemotherapy groups. Comparison of PFS (C) and OS (D) between the EGFR exon 19 deletion and exon 19 deletion–insertion groups. Comparison of PFS (E) and OS (F) 
between the EGFR p.E746 and p.L747 groups. Comparison of PFS (G) and OS (H) between patients with wild-type and mutant TP53. 
Abbreviations: EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; chemo, chemotherapy; EGFR 19delins, exon 19 deletion-insertion; TP53 wt, TP53 
wild-type; TP53 mt, mutant TP53.
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of the variables was significantly associated with PFS. ECOG PS (P = 0.165), EGFR variant type (P = 0.997), starting 
position of the deletion (P = 0.161), and treatment (P = 0.073) were subsequently included in the multivariate Cox 
proportional hazards model. Both the EGFR p.L747 mutation (HR 1.904 [95% CI 1.061–3.417]; P = 0.031) and 
treatment with TKIs alone (HR 1.662 [95% CI 1.040–2.655]; P = 0.034) were significant risk factors for poor PFS 
according to the multivariate Cox proportional hazards model.

The univariate analysis revealed that only the ECOG PS (P = 0.001) was significantly associated with OS. Therefore, 
we included the ECOG PS (P = 0.001), the EGFR variant type (P = 0.804), the starting position of the deletion (P = 
0.484), and treatment (P = 0.147) in the multivariate Cox proportional hazards model. Notably, the ECOG PS was the 
only significant independent risk factor for OS according to the multivariate Cox proportional hazards model (P = 0.000).

Figure 4 Kaplan–Meier curves for progression-free survival (PFS) and overall survival (OS) between subgroups. Comparison of PFS (A) and OS (B) between patients with 
the EGFR p.E746 mutation and those with the EGFR p.L747 mutation who were treated with TKIs. Comparison of PFS (C) and OS (D) between patients with the EGFR p. 
E746 mutation and those with the EGFR p.L747 mutation who were treated with TKIs + chemotherapy. Comparison of PFS (E) and OS (F) between patients with the EGFR 
p.E746 mutation who were treated with TKIs and those who were treated with TKIs + chemotherapy. Comparison of PFS (G) and OS (H) between patients with the EGFR 
p.L747 mutation who were treated with TKIs and those who were treated with TKIs + chemotherapy. EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase 
inhibitors; chemo, chemotherapy. Data in bold and italics are statistically significant.
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Table 2 Results of Univariate and Multivariate Survival Analyses of Patients with Lung Adenocarcinoma with EGFR Exon 19 Deletion

Variable Category PFS Analysis OS Analysis

Univariate Multivariate Univariate Multivariate

HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value

Age 0.995 0.973–1.017 0.626 1.005 0.982–1.029 0.650

Sex Male/female 1.171 0.744–1.843 0.495 1.182 0.709–1.971 0.522

Smoking Yes/no 0.995 0.604–1.639 0.984 1.111 0.630–1.958 0.716

ECOG 2 3/0 1 1.485 0.850–2.594 0.165 1.632 0.921–2.893 0.094 2.864 1.568–5.233 0.001 3.039 1.628–5.673 0.000

BBM No/Yes 0.842 0.453–1.565 0.587 0.749 0.396–1.417 0.375

EGFR variant del/delins 1.001 0.605–1.655 0.997 1.374 0.773–2.441 0.279 1.079 0.591–1.970 0.804 1.360 0.708–2.613 0.356

Starting position of the deletion L747/E746 1.433 0.867–2.369 0.161 1.904 1.061–3.417 0.031 1.229 0.689–2.192 0.484 1.603 0.852–3.015 0.143

Number of missing nucleotides 1.044 0.921–1.183 0.501 1.054 0.917–1.211 0.460

Treatment TKIs/TKIs+ chemo 1.511 0.962–2.374 0.073 1.662 1.040–2.655 0.034 1.461 0.875–2.438 0.147 1.434 0.848–2.425 0.179
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Distribution of EGFR 19del Variants and the Mechanism of Resistance
The E746_A750del, which occurred in 49 patients (61.2%), was the most common EGFR 19del variant, whereas 
L747_P753delinsS and L747_T751del were the second most common variants, as they were each observed in nine 
patients (11.2%). Among the 57 patients harboring EGFR p.E746 mutations, 13 had TP53 mutations. The prevalence of 
TP53 mutations was significantly greater in patients with EGFR p.L747 mutations (10/22, P = 0.047).

A second genetic test was performed for patients who experienced disease progression (53/79, 67%) after first-line 
treatment. The EGFR T790M mutation was identified as the major acquired mechanism of resistance (28/53, 52.8%). The 
rate of T790M mutation in the TKI + chemotherapy subgroup (55%, 16/29) was slightly greater than that in the TKI 
group (50%, 12/24), although this difference was not statistically significant (P = 0.707). Additionally, the T790M 
mutation rate was similar between patients with EGFR p.E746 and those with EGFR p.L747 mutations (20/41 vs 8/12, 
P = 0.275), which is consistent with that observed between patients with EGFR 19del and 19delins (20/39 vs 8/14, P = 
0.706).

Safety Analysis
The most common adverse events in the TKI + chemotherapy group were myelosuppression (46.5%, grades I–IV), liver 
function abnormalities (39.5%, grades I–III), and gastrointestinal toxicity (diarrhea, vomiting, 25.5%, grades I–III). 
Grade III–IV adverse events were noted in nine patients, and six patients discontinued chemotherapy due to toxicity. The 
most common adverse events observed in the TKI group were rashes (48.6%, grades I–II), diarrhea (32.4%, grades I–II), 
and liver function abnormalities (16.2%, grades I–II). One patient (2.7%) in the TKI group discontinued therapy due to 
grade III interstitial pneumonia. Clinically relevant grade III or higher toxicities occurred in 20.9% and 2.7% of patients 
in the TKI + chemotherapy and TKI groups, respectively (P = 0.02).

Discussion
To our knowledge, this is the first study to report the effects of chemotherapy and the EGFR 19del subtype on the clinical 
outcomes of patients with advanced NSCLC treated with first-generation TKIs. Compared with patients with EGFR p. 
E746 mutations, patients with EGFR p.L747 mutations can benefit more from chemotherapy plus first-generation TKIs 
than from TKI monotherapy, as shown by the higher PFS and OS observed in these patients.

In this real-world, retrospective study, we comprehensively evaluated the effects of chemotherapy and various EGFR 
exon 19 deletion subtypes on the efficacy of first-generation EGFR-TKIs and the survival outcomes after treatment. 
However, no significant differences were observed between the groups. In the exploratory subgroup analysis, we were 
surprised to find that compared with patients with EGFR p.E746 mutations, those with p.L747 mutations could benefit 
from chemotherapy combined with EGFR-TKIs. This finding was also verified through a multivariate analysis.

EGFR p.E746-A750 is the most common subtype of the EGFR 19del and accounts for 60% of all variants.19 Previous 
studies have shown that EGFR p.L747 differs from EGFR p.E746 not only in the molecular conformation of the resulting 
protein structure but also in the frequency of TP53 co-mutations and secondary T790M mutations. The frequency of 
EGFR 19delins in our study was higher in patients with EGFR p.L747 mutations than in those with p.E746 mutations, as 
previously reported.15 Deletions starting at L747 are often complex insertion deletions that result in the replacement of 
the deleted amino acids with a nonnative residue.2 As in L747_A750delinsP, the presence of a proline at this position 
displaces the adjacent β1/β2 glycine-rich loop and thus impairs drug binding.32 In our study, EGFR p.L747 comprised 
L747_P753delinsS (9, 40.9%), L747_T751del (9, 40.9%), L747_A750delinsP (2, 9.1%), and L747_T751delinsP (2, 
9.1%). L747_A750delinsP has been reported to exhibit primary resistance to first-generation TKIs and sensitivity 
to second-generation TKIs both in vitro and in clinical case reports.32–35 Additionally, compared with the 
E746_A750del mutation, L747_A750delinsP is associated with inferior PFS in patients treated with first-line 
osimertinib.36 Accordingly, of the two patients in our study who harbored L747_A750delinsP, one experienced disease 
progression after 4 months of gefitinib treatment, while the other responded to chemotherapy and first-generation TKI 
therapy and had a PFS of 38 months.
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Since EGFR p.L747 is more frequently accompanied by a TP53 mutation, which is related to TKI resistance,37,38 the 
addition of chemotherapy to the EGFR p.L747 subgroup may reverse the disadvantages of TKI monotherapy and provide 
survival benefits.

Unlike previous gene detection methods, NGS allows parallel sequencing of numerous small DNA fragments, 
which enables concurrent testing for a very wide array of mutational gene panels and provides in-depth insights into 
mutation subtypes. Tissue-based genetic testing is the gold standard, whereas liquid biopsy is an important supple
mental method.39 NGS analysis of ctDNA using liquid biopsies can overcome the limitations of spatial tumor 
heterogeneity in tissue testing and is more feasible and noninvasive. However, ctDNA accounts for only a tiny fraction 
of the total cell-free DNA and can lead to false-positive or false-negative results.40 In contrast to what has been 
reported in previous studies,41,42 the rate of T790M mutation after disease progression despite first-line therapy, was 
higher in patients with p.L747 mutations than in those with p.E746 mutations (66.7% vs 48.7%), albeit the difference 
was not statistically significant. This was likely because of a lower but insignificant detection rate after progression in 
p.L747 patients (54.5% vs 74.5%, P=0.087). The small sample size, heterogeneity of the timing and method of 
resistance detection and the addition of chemotherapy resulted in bias.43 The inferior outcome of patients with p.L747 
mutations may indicate more complicated resistance mechanisms, and thus further research is needed to explain these 
results.

Insertions in EGFR tyrosine kinase lead to domain amino acid substitution and disruption of the hydrophobic core, 
resulting in EGFR activation.44 Although this mutation is considered TKI-sensitive, we found that the PFS and OS of 
patients with EGFR 19delins did not differ from those of patients with EGFR 19del. Overall, these findings are consistent 
with those reported previously.45

Although combination therapy was associated with a high incidence of toxicity, this toxicity was manageable. 
However, grade III or higher toxicities were more common in the combination therapy group (20.9% vs 2.7%, P = 
0.02). Therefore, caution should be exercised when chemotherapy is administered in addition to TKIs. Moreover, 
cytotoxic chemotherapy continues to play an important role in anticancer therapy even though TKIs are the standard first- 
line treatment for metastatic NSCLC. Although the FLAURA2 study (osimertinib with or without chemotherapy) 
recently revealed that PFS in the osimertinib-chemotherapy cohort was 9 months longer than that in the osimertinib 
monotherapy cohort among patients with EGFR-mutated advanced NSCLC, this prolongation occurred at the cost of 
high adverse events in the combined therapy group.46 The occurrence of adverse events was the most frequent reason for 
the discontinuation of carboplatin or cisplatin (47 patients [17%]) and pemetrexed (119 patients [43%]).46 The dis
continuation rate in our study was 13.9% (6/43), which was lower than that in the FLAURA2 study. This is probably 
because if toxicity occurs, clinicians will decide to extend the treatment cycle or reduce the dosage, as well as a lower 
hematological toxicity of first-generation TKIs.

In the FLAURA2 study, differences in PFS and OS between patients with EGFR 19del and those with 21L858R were 
observed. Our findings suggest differences in PFS and OS between patients with different EGFR 19del variants. Thus, 
our clinical data underscore the importance of combination therapy for unique EGFR exon 19 subtypes. For the EGFR 
L747-specific subgroup, further research is needed to determine whether first-/third-generation TKIs combined with 
chemotherapy, second-generation TKIs, or other treatments should be selected.

Nonetheless, our study has several limitations. First, this was a retrospective single-institution study. Therefore, 
our results should be verified in future multi-institution prospective studies. Second, the sample size was relatively 
small, and differences between the subtypes of the EGFR p.L747 mutation were not specifically analyzed. The 
results of the subgroup analysis are exploratory rather than confirmatory. Our findings should therefore be 
interpreted with caution. Third, the patients included in this study were treated with first-generation EGFR-TKIs, 
while third-generation TKIs are now recommended as the preferred first-line treatment. Therefore, future prospec
tive trials that integrate molecular subtyping and modern TKIs are essential to translate these findings into clinical 
practice.
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Conclusion
Additional chemotherapy with EGFR-TKIs did not affect the clinical outcomes of NSCLC patients harboring the EGFR 
p.E746 mutation but greatly improved PFS and OS in those with the p.L747 mutation. Thus, a detailed analysis of the 
EGFR 19del should be performed to guide the selection of combination therapy for NSCLC patients, which may be 
tailored to their molecular profiles.
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