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EGFR-V834L combined with L858R mutation reduced afatinib 
sensitivity and associated to early recurrence in lung cancer
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Background: The third-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor 
(TKI) osimertinib is widely used as a first-line treatment for EGFR-mutated non-small cell lung cancer 
(NSCLC). However, there is no established treatment for osimertinib resistance, so second-generation 
afatinib is an alternative treatment option. The purpose of this study was to elucidate gene alterations 
associated with afatinib efficacy and resistance by analyzing cell-free DNA (cfDNA) obtained from patients 
with EGFR-mutated NSCLC.
Methods: This study was conducted as a prospective clinical trial in patients with EGFR-mutated NSCLC 
at multiple institutions. We analyzed plasma cfDNA from the patients treated with afatinib as the first-line 
therapy.
Results: Paired specimens were obtained before and at the time of resistance to afatinib treatment, and 
specimens only at afatinib resistance were obtained from 22 and 18 patients, respectively. In plasma cfDNA 
from the 22 cases, driver EGFR mutations were detected in 13 cases (59.1%), and the compound V834L 
mutation was detected in two cases in cis with EGFR-L858R mutation. The median progression-free survival 
(mPFS) was remarkably shorter in patients with V834L than in all 22 cases (4.2 vs. 9.2 months). Moreover, 
we detected V834L and T790M combined with EGFR-L858R in the cfDNA from one patient resistant 
to afatinib. Preclinical experiments using EGFR-L858R, with or without V834L, in Ba/F3 cells revealed 
that V834L with L858R conferred resistance to low concentrations of EGFR-TKIs, including afatinib and 
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Introduction

Non-small cell lung cancer (NSCLC) with epidermal 
growth factor receptor (EGFR) gene mutations, such as exon 
19 deletion (Ex19del) and L858R, has shown a dramatic 
response to EGFR tyrosine kinase inhibitors (EGFR-
TKIs), leading to improved prognosis (1). To date, the first-
generation reversible inhibitors gefitinib and erlotinib (2,3), 
the second-generation irreversible inhibitors afatinib and 
dacomitinib (4,5), and the third-generation osimertinib, 
which spares wild-type EGFR and is effective against the 
EGFR-T790M mutation (6), have been approved in many 
countries. However, recurrence due to acquired resistance is 
a problem in most cases (7).

Among these EGFR inhibitors, third-generation 
osimertinib is the most commonly used first-line treatment 
for EGFR-mutated NSCLC. However, there are no 

established treatments for patients with osimertinib 
resistance (8). The combination of first-generation EGFR-
TKIs and vascular endothelial growth factor (VEGF)/VEGF 
receptor (VEGFR) inhibitors is considered a standard 
treatment, as the EGFR-T790M resistance mutation for 
first- and second-generation EGFR-TKIs is detected in 
approximately 50% of patients at the time of acquired 
resistance, and osimertinib is expected to be effective as a 
second-line therapy for such patients (9,10). In the National 
Comprehensive Cancer Network (NCCN) guidelines, the 
second-generation afatinib is also recommended as a first-
line treatment for EGFR mutation-positive NSCLC (11). 
Afatinib shows a longer progression-free survival (PFS) 
as a first-line therapy than first-generation EGFR-TKIs; 
EGFR-T790M is detected in approximately 50% of patients 
at the time of acquired resistance (12) and osimertinib is 
expected to be effective as a second-line therapy. Clinical 
trials are currently underway to evaluate first-line therapy 
of afatinib followed by osimertinib for EGFR-mutated 
NSCLC (UMIN000037452) (13). In recent years, attention 
has been paid to the compound mutations that coexist with 
EGFR and affect sensitivity to EGFR-TKIs (14), and the 
efficacy of afatinib against compound mutations has also 
been reported (15). Based on these results, the importance 
of afatinib as a first-line therapy may increase, and it is 
necessary to elucidate the factors involved in the efficacy 
and resistance to afatinib to select subsequent treatments.

Analyses using clinical specimens are essential to 
elucidate the mechanisms of resistance. Tumor tissues are 
the gold standard, but tumor biopsy has several drawbacks, 
including invasiveness of the procedure and the inability to 
capture a complete picture of the tumor tissue due to intra-
tumoral heterogeneity (16). Recently, liquid biopsy, which 
uses cell-free DNA (cfDNA) from blood, has attracted 
attention as a minimally invasive and easily reproducible 
biopsy method. Furthermore, because DNA from metastatic 

osimertinib. In three cases of EGFR-L858R+V834L, other co-mutations, including TP53, CTNNB1, and 
RB1, were detected either before or after afatinib resistance.
Conclusions: These results suggested that V834L cooperates with other coexisting mutations to influence 
the therapeutic efficacy of EGFR-TKIs.
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Highlight box

Key findings
•	 We analyzed plasma cell-free DNA from 40 patients treated with 

afatinib as the first-line therapy. Epidermal growth factor receptor 
(EGFR)-V834L cooperates with other coexisting mutations 
to influence the therapeutic efficacy of EGFR tyrosine kinase 
inhibitors (EGFR-TKIs).

What is known and what is new?
•	 Non-small cell lung cancer with EGFR gene mutations has shown 

a dramatic response to EGFR-TKIs. However, recurrence due to 
acquired resistance is a problem in most cases.

•	 EGFR-V834L combined with L858R mutation reduced afatinib 
sensitivity and associated with poor progression-free survival.

What is the implication, and what should change now?
•	 It will be necessary to determine the types of co-mutations and 

clarify the role of these mutations in the efficacy of molecular-
targeted drugs to develop better molecular-targeted therapies.
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tumor cells in multiple organs enters the bloodstream, 
genetic alteration profiling using cfDNA may also reflect 
the heterogeneity of resistant tumor cells (17). Therefore, 
liquid biopsies are widely used in clinical practice.

The purpose of this study was to elucidate the gene 
alterations involved in the efficacy and resistance of 
afatinib by analyzing cfDNA obtained from patients with 
EGFR-mutated NSCLC treated with afatinib. We present 
this article in accordance with the MDAR and ARRIVE 
reporting checklists (available at https://tlcr.amegroups.
com/article/view/10.21037/tlcr-24-471/rc).

Methods

Patients

This study was conducted as a prospective clinical trial 
in patients with EGFR-mutated NSCLC at Kanazawa 
University Hospital, Kanazawa Medical Center, Ishikawa 
Prefectural Hospital, Kouseiren Takaoka Hospital, Fukui-
ken Saiseikai Hospital, Komatsu Municipal Hospital, Keiju 
Medical Center, Japanese Red Cross Kyoto Daini Hospital, 
Kyoto Prefectural University of Medicine, UJI-Tokushukai 
Medical Center, and Koseikai Takeda Hospital. The 
inclusion criteria were as follows: (I) patients aged 20 years 
or older at the time of registration; (II) patients who were 
histologically or cytologically diagnosed with NSCLC; 
(III) patients in whom EGFR mutations were detected 
in the tumor tissues at diagnosis; (IV) patients scheduled 
for afatinib monotherapy as the next-line treatment; (V) 
patients who were expected to survive for at least 3 months; 
and (VI) patients who provided written informed consent.

We collected demographic and clinical data of patients, 
including sex, smoking history, histological type of NSCLC, 
EGFR mutation type, treatment history for NSCLC 
prior to afatinib, as the clinical data at the initiation of 
afatinib, age, Eastern Cooperative Oncology Group 
performance status (ECOG PS), metastases sites, as the 
data about afatinib treatment, clinical response, PFS, time 
to treatment, afatinib dose reduction, and overall survival. 
Clinical responses were determined by clinicians at each 
institution according to the Response Evaluation Criteria 
in Solid Tumors version 1.1. PFS was defined as the date 
of commencing afatinib treatment until the earliest date 
of disease progression or death from any cause. Overall 
survival was determined from the date afatinib treatment 
commenced to the date of death from any cause.

The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). The study was 
approved by the Human Genome/Gene Analysis Research 
Ethics Committee of the Kanazawa University [approval No. 
#2016-039(434); UMIN000024476] and informed consent 
was obtained from all individual participants. The other 
institutions were also informed and agreed with the study.

Sample collections and cfDNA extractions

Peripheral venous blood (10 mL) was longitudinally 
collected in Cell-Free DNA BCT® (Streck Inc., La Vista, 
NE, USA) prior to afatinib treatment and at the time of 
resistance. Blood samples were sent to the laboratory of the 
Department of Respiratory Medicine, Kanazawa University 
Hospital, at room temperature within 3 days of collection. 
Immediately after arrival, plasma was collected by 
centrifugation, and cfDNA was extracted from the plasma 
using the QIAamp Circulating Nucleic Acid Kit (QIAGEN, 
Hilden, Germany). cfDNA was stored at −20 ℃ until use.

Analyses of gene alterations profile using cfDNA

Double-stranded cfDNA was quantified using a Qubit 2.0 
Fluorometer and Qubit dsDNA HS Assay Kit (Thermo 
Fisher Scientific, Wilmington, NC, USA) according to the 
manufacturer’s instructions. Gene alteration profiling via 
deep sequencing was performed using the QIAseq Targeted 
DNA Panel (Human Lung Cancer Panel) (QIAGEN). 
This sequencing panel detects single point mutations, 
small insertions and/or deletions, and the amplicons are 
barcoded. A minimum of 10 ng cfDNA from each sample 
was used for library construction. The maximum attainable 
cfDNA was used for samples with low yields. All procedures 
were performed using the QIAseq Targeted DNA Panel kit, 
according to the manufacturer’s instructions.

QIAseq panel analysis was performed using the 
QIAGEN’s GeneGlobe data analysis portal. Somatic variants 
were distinguished from population polymorphisms by using 
the GnomAD database (http://gnomad.broadinstitute.
org/). The clinical significant evidence and the clinical 
implications of variants were identified based on the 
annotations in public archives: ClinVar (https://www.ncbi.
nlm.nih.gov/clinvar/), COSMICS (Catalogues of Somatic 
Mutations in Cancer; http://cancer.sanger.ac.uk/cosmic), 
and the Single Nucleotide Polymorphism Database 
(dbSNP). We included variants with a mapping quality ≥60, 
regardless of whether they have the ID on COSMICS or 
dbSNP. If the mapping quality ranged from 20 to 60, we 
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adopted a variant with an ID in the public archives.

Cell lines

Ba/F3 cells were gifted by Dr. R. Katayama (Division 
of Experimental Chemotherapy, Cancer Chemotherapy 
Center, Japanese Foundation for Cancer Research, Tokyo, 
Japan), and were cultured in Roswell Park Memorial 
Institute (RPMI) 1640 medium (Thermo Fisher Scientific) 
supplemented with 10% fetal bovine serum (FBS), 2 mmol/L  
glutamine, 1% penicillin-streptomycin (P/S), and mouse 
interleukin-3 (IL-3) (20 U/mL; Sigma-Aldrich, St. Louis, 
MO, USA). The Ba/F3 system is also available to investigate 
the sensitivity of driver mutants to therapeutic agents.

Establishment of a retroviral vector with random barcodes

The pCX6 vector was established by inserting random  
10-base pair DNA barcode sequences upstream of the start 
codon of the corresponding genes into the pCX4 vector. 
Subsequently, full-length wild-type cfDNAs of the human 
EGFR and control genes were inserted into the pCX6 
vector. Three EGFR variants were selected in this study. 
All plasmids which were encoding EGFR variants were 
constructed using the GeneArt Gene Synthesis System 
(Thermo Fisher Scientific) and sequenced using next-
generation sequencing.

Creation of retrovirus and infection into cell lines

The recombinant plasmids were transduced with packaging 
plasmids (Takara Bio, Shiga, Japan) into HEK293T cells 
to generate recombinant retroviral particles. Ba/F3 cells 
were seeded on RetroNectin-coated (Takara Bio) 96-well 
plates and infected with retroviruses in RPMI 1640 medium 
supplemented with 20 U/mL IL-3. Individually transduced 
cells were collected and cultured to assess drug sensitivity.

Drug sensitivity assay in vitro

Cell viability was measured using a Cell Counting Kit-
8 (CCK-8; DOJINDO, Kumamoto, Japan). Ba/F3 cells 
expressing EGFR variants were cultured in RPMI 1640 
medium without IL-3. The transformed Ba/F3 cells 
that showed IL-3 independency were plated at a density 
of 2×103/100 μL per well in 96-well plates and were 
incubated for 24 hours, and then treated with the indicated 
concentrations of afatinib, osimertinib, and 10% dimethyl 

sulfoxide (as the vehicle control) for 72 hours. Cell 
growth was measured using the CCK-8 assay as described 
previously. The EGFR-TKIs used in the assays were 
purchased from Selleck Biotech (Yokohama, Japan). The 
experiment was conducted in both biological and technical 
triplicate.

Antibodies and western blot analysis

Antibodies against phosphorylated-EGFR (p-EGFR; 
Tyr1068; catalog 3777), total-EGFR (catalog 54359), 
p-extracellular signal-related kinase (p-ERK) (catalog 4370), 
total-ERK (catalog 4695), β-actin (catalog 3700), and cleaved 
caspase-3 (catalog 9661) were purchased from Cell Signaling 
Technology (Danvers, MA, USA) and diluted according to 
the manufacturer’s recommendations. Cells (2×105) were 
seeded in 6-well plates and incubated overnight before drug 
treatment for 48 h. Whole-cell lysates were prepared, and 
western blot was performed as described previously (18).

Tumor xenograft assay

We used 6-week-old male SHO-PrkdcscidHrhr mice (approval 
No. AP-173867, SHO-SCID mice from Charles River, 
Yokohama, Japan). Ba/F3 cells expressing EGFR variants 
were inoculated by subcutaneous injection of 3×106 cells 
in a 50/50 mixture of Matrigel and phosphate-buffered 
saline (PBS). One week after inoculation, mice were 
treated orally with the EGFR-TKIs, 2.5 mg/kg of afatinib, 
osimertinib (5 mg/kg), or vehicle control. The tumor 
volume was calculated using the following formula: π/6 
× (large diameter) × (small diameter)2. Experiments were 
performed under a project license [No. #2016-039(434); 
UMIN000024476] granted by the Committee of Ethics of 
Experimental Animals and the Advanced Science Research 
Center, Kanazawa University (Kanazawa, Japan), in 
compliance with the Ministry of Education guidelines for 
the care and use of animals.

Statistical analysis

Survival analysis was performed using the Kaplan-Meier 
method. The Cox proportional hazards model was used for 
multivariable survival analysis, and variables with a P<0.1 
in the univariate analysis were included in the multivariate 
analysis. Schoenfeld residuals were used to verify the 
proportional hazards assumption. All P values were two-
sided, and P<0.05, unless otherwise stated, was considered 



Translational Lung Cancer Research, Vol 13, No 11 November 2024 3071

© AME Publishing Company.   Transl Lung Cancer Res 2024;13(11):3067-3082 | https://dx.doi.org/10.21037/tlcr-24-471

Figure 1 Consort diagram. A total of 55 patients were enrolled in this study. Afatinib treatment was discontinued in 49 cases, and plasma 
samples were collected at the time of resistance in 40 cases. In 22 cases, we were able to collect paired samples before afatinib treatment 
and at the acquisition of resistance to afatinib treatment. In 18 cases, we collected samples only at the acquisition of resistance to afatinib 
treatment.

Paired plasma samples were 
collected before afatinib treatment 
and at afatinib resistance (n=22)

Plasma samples at the time of resistance were available (n=40)

Discontinued treatment with afatinib (n=49)

55 patients enrolled

•	Continue treatment with afatinib (n=2)
•	Progress unknown (n=4)

Plasma samples at the time of 
resistance were not available (n=9)

Plasma samples were collected at 
afatinib resistance only (n=18)

statistically significant. All procedures were performed 
using R Studio. For data from the drug sensitivity assays  
in vitro and in vivo, the statistical significance of the 
differences was analyzed using a two-way unpaired t-test. 
All statistical analyses were performed using the GraphPad 
Prism ver. 9.0 (GraphPad Software, Inc., San Diego, CA, 
USA), with a two-sided P value.

Results

Patients and samples collected

A total of 55 patients were enrolled in the study. Afatinib 
treatment was discontinued in 49 patients and plasma 
samples were collected at the time of resistance in 40 
patients. The reasons for discontinuation were disease 
progression in 38 patients and adverse events in two 
patients. One patient discontinued due to adverse event 
after beyond progressive disease (PD), and the other 
patient had disease progression after discontinuation due 
to adverse event. Thirty-five patients had experienced 
their dose reduction of Afatinib therapy and five patients 
had not. In 22 cases, paired samples were collected before 
afatinib treatment and at the time of acquisition of afatinib 
resistance. In 18 patients, samples were collected only 

during the acquisition of afatinib resistance (Figure 1).

Analyses of cfDNA obtained before afatinib treatment 
from patients in which paired samples were collected

We analyzed plasma cfDNA from 22 patients whose 
paired plasma samples were collected before and after the 
acquisition of afatinib resistance. Of the 22 patients, 20 had 
adenocarcinoma and two had adenosquamous carcinoma 
(Table 1). EGFR-Ex19del, L858R, and G719X were detected 
in 10, eight, and four cases, respectively, by EGFR mutation 
analysis of the tumor tissues. In pretreatment plasma 
cfDNA, EGFR activating mutations were detected in 13 
patients (59.1%) (Ex19del: seven cases, L858R: five cases, 
G719A: one case) (Figure 2). The most frequent coexisting 
mutations other than EGFR were KMT2D, LRP1B, and 
NF1, which were detected in 8 patients (38.1%). Among the 
13 patients in whom EGFR driver mutations were detected 
in cfDNA, mutations that frequently coexisted included 
TP53, KMT2D, LRP1B, NF1, and SETD2 (five cases each, 
38.5%). Interestingly, the EGFR-exon 21 V834L mutation 
was detected in two of the 13 cases in which EGFR-activating 
mutations were detected in the cfDNA (Figure 2). In both 
cases (Cases 1 and 2), V834L was present in the same allele 
(cis) as EGFR-L858R (Figure S1).

https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
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In the 22 patients, the median PFS (mPFS) after 
afatinib treatment was 9.1 months (Figure S2A). PFS 
was significantly shorter in patients with EGFR-L858R 
compared with that in patients with EGFR-Ex19del 
[mPFS: 10.7 vs. 4.5 months; hazard ratio (HR) 3.11; 95% 
confidence interval (CI): 0.99–9.70; P=0.051] (Figure S2B). 
Even when comparing patient backgrounds, no factors were 
found that could explain the poor prognosis in the L858R-
positive group (Table S1). In these 22 patients, there was 
no significant correlation between the presence or absence 
of KMT2D, LRP1B, or NF1 mutations and PFS (Figure S3,  
Table S2). CDKN2A, CTNNB1, FGFR3, and RB1 mutations, 
which have been detected in cfDNA as genetic abnormalities 
a s soc i a ted  w i th  EGFR-TKI  re s i s t ance  (19-22 ) ,  
were found in the cfDNA of one, two, two, and two cases, 
respectively (Figure 2). Six patients with mutations in any of 

these genes in their cfDNA had significantly shorter PFS 
with afatinib than that of the 16 patients without these gene 
mutations (Figure S4).

In the 13 patients on whom EGFR driver mutations 
were detected, the PFS of the two cases with EGFR-
L858R+V834L (Cases 1 and 2) was discernibly short (3.4 
and 4.9 months). In the two cases of EGFR-L858R+V834L, 
coexisting mutations were found in TP53, CTNNB1, 
FGFR3, and RB1. We focused on this EGFR minor 
mutation; V834L and investigated the function.

Preclinical analyses to show the role of EGFR-V834L 
mutation on sensitivity to EGFR-TKIs

To test whether the EGFR-V834L mutation affects 
EGFR-TKI sensi t iv i ty,  we performed funct ional 
genetic experiments by transfection of EGFR-L858R or 
L858R+V834L mutations in Ba/F3 cell lines. First, we 
assessed the sensitivity of the EGFR-TKIs afatinib and 
osimertinib. We observed increased cell viability of Ba/F3 
cells transfected with EGFR-L858R+V834L in treatment 
with low concentrations of afatinib (0.3 nM) and osimertinib 
(10 nM), compared with that in those transfected with 
EGFR-L858R alone (Figure 3A). The difference was not 
statistically significant after treatment with EGFR-TKIs 
around the clinically available Cmax [Cmax: afatinib 
26.3 nM (23), osimertinib 247 nM (24)] (Figure S5). 
Subsequently, we examined whether the addition of EGFR-
V834L modulated signal transduction and cell apoptosis. 
As expected, the phosphorylation of EGFR and ERK was 
suppressed by treatment with a low concentration of afatinib 
in Ba/F3 cells transfected with EGFR-L858R but not in 
those transfected with EGFR-L858R+V834L (Figure 3B 
and Figure S6). In addition, the levels of cleaved caspase-3 
were decreased in EGFR-L858R+V834L transfected cells 
compared with that of EGFR-L858R transfected cells. 
These results indicated that EGFR-V834L decreased the 
sensitivity of cells with EGFR-L858R to low concentrations 
of EGFR-TKIs in vitro.

We further tested whether co-occurring EGFR-V834L 
in EGFR-L858R tumors contributed to EGFR inhibitor 
resistance in vivo. We treated mice bearing EGFR-L858R 
or EGFR-L858R+V834L tumor xenografts with afatinib, 
osimertinib, or vehicle and found that mice with EGFR-
L858R+V834L tumors showed decreased afatinib and 
osimertinib sensitivity compared with that of mice bearing 
EGFR-L858R only tumors. We also confirmed that tumor 
growth was not impacted by EGFR-V834L addition in the 

Table 1 Patient characteristics of 22 cases whose blood sample 
collected before treatment with afatinib

Characteristics Data

Age (years) 67.5 [39–77]

Gender

Male 8 (36.4)

Female 14 (63.6)

Tumor histology

Adenocarcinoma 20 (90.9)

Adenosquamous carcinoma 2 (9.1)

EGFR type

Ex19del 10 (45.5)

L858R 8 (36.4)

Other† 4 (18.2)

ECOG PS

0 5 (22.7)

1 15 (68.2)

2 2 (9.1)

Smoking

Current or former 10 (45.5)

Never 12 (54.5)

Data are presented as median [range] or n (%). †, G719X n=2, 
G719X+L861Q n=1, G719X+S768I n=1. EGFR, epidermal 
growth factor receptor; Ex19del, exon 19 deletion; ECOG PS, 
Eastern Cooperative Oncology Group performance status.

https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
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Figure 2 Genomic alterations detected in cfDNA of patients obtained before treatment by afatinib. EGFR driver mutations were detected 
in 13 patients (59.1%). The most common alteration was KMT2D (8/22; 38.1%), LRP1B (8/22; 38.1%), and NF1 (8/22; 38.1%). EGFR, 
epidermal growth factor receptor; cfDNA, cell-free DNA.
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Figure 3 Preclinical analyses showing the role of EGFR-V834L mutation on sensitivity to EGFR-TKIs. (A) Ba/F3 cells were transfected 
with EGFR-L858R or EGFR-L858R+V834L in cis. The cells were incubated with afatinib or osimertinib. The cell viability was determined 
by CCK-8 assay. Means ± standard deviations of triplicate culture are shown. (B) Ba/F3 cells transfected with EGFR-L858R or EGFR-
L858R+V834 in cis were treated with afatinib (0.3 nM) for 24 h. The expression of indicated proteins was determined by western blotting. (C) 
Ba/F3 cells transfected with EGFR-L858R or EGFR-L858R+V834 in cis were inoculated subcutaneously into SHO mice. When the tumor 
volume reached 50–100 mm3, the mice were orally treated with vehicle (control: n=10 tumors/5 mice), afatinib (2.5 mg/kg: n=10 tumors/5 
mice) or osimertinib (5 mg/kg: n=10 tumors/5 mice) daily. Means ± SEs of tumor volumes are shown. *, P<0.05; N.S., not significant. EGFR, 
epidermal growth factor receptor; p-, phosphorylated-; ERK, extracellular signal-related kinase; cas3, caspase-3; TKIs, tyrosine kinase 
inhibitors; CCK-8, Cell Counting Kit-8; SHO, SCID Hairless Outbred; SE, standard error.
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vehicle treatment groups (Figure 3C). Collectively, these 
findings suggest that the addition of EGFR-V834L to 
EGFR-L858R affects sensitivity to EGFR-TKI treatment 
without a substantial impact on tumor cell growth.

Analyses of patients’ cfDNA obtained at afatinib resistance

Subsequently, we analyzed plasma cfDNA from 40 
patients for whom specimens were collected during 
afatinib resistance (including 22 cases in which paired 
specimens were collected and 18 cases in which specimens 

were collected only during afatinib resistance). Of the 40 
patients, 38 had adenocarcinoma and two had tumors of 
other histological types (Table S3). EGFR-Ex19del, L858R, 
and other mutations, including G719X, were detected in 
22, 11, and seven cases, respectively, by EGFR mutation 
analysis of tumor tissues. In the plasma cfDNA obtained 
during afatinib resistance, EGFR driver mutations were 
detected in six cases (Ex19del: three cases, L858R: three 
cases) (Figure 4). EGFR-T790M mutation was detected 
in 2 of these patients (33%). EGFR-V834L was detected 
in two cases, both of which were EGFR-L858R positive. 

https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf


Translational Lung Cancer Research, Vol 13, No 11 November 2024 3075

© AME Publishing Company.   Transl Lung Cancer Res 2024;13(11):3067-3082 | https://dx.doi.org/10.21037/tlcr-24-471

Figure 4 Genomic alterations detected in cfDNA of patients obtained at the acquisition of afatinib resistance. EGFR, epidermal growth 
factor receptor; cfDNA, cell-free DNA.
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One of these cases was also positive for EGFR-V834L in 
cfDNA obtained before afatinib treatment (Case 2). The 
other case was negative for EGFR-L858R and V834L in 
cfDNA obtained before treatment, but positive for EGFR-
L858R and V834L in cfDNA obtained during afatinib 
resistance (Case 3). EGFR-T790M was also detected in this 
case in cfDNA obtained after afatinib resistance. The cases 
in which EGFR-L858R and V834L were detected before 
afatinib treatment (Case 1) were negative for EGFR-L858R 
and V834 in the cfDNA obtained after afatinib resistance. 
This may be due to the low amount of tumor-derived DNA 
in the collected plasma samples.

Among the 40 cases, the genes that were frequently co-
mutated (>25%) were NOTCH1 (15 cases), KMT2D (14 
cases), APC (11 cases), CREBBP (11 cases), and TP53 (10 
cases) (Figure 4). Among the six cases in which driver EGFR 
mutations were detected in the cfDNA obtained during 
afatinib resistance, the most frequent co-mutations were 
TP53 (four cases) and NF1 (three cases). The mPFS of 
the 40 patients was 12.9 months. There was no significant 
difference on the PFS among the six cases in which driver 
EGFR mutations were detected in cfDNA at afatinib 
resistance and the 34 cases in which driver EGFR mutations 
were not detected in the cfDNA {8.9 months [95% CI: 4.13–
not available (NA)] vs. 13.2 months (95% CI: 7.97–15.3); 
stratified HR, 1.50 (95% CI: 0.62–3.63); P=0.37} (Figure S7).  
In the first six cases, no correlation was observed between 
PFS and mutations in TP53 or NF1 (Figure S8).

In contrast, the mPFS of the three cases in which 
EGFR-V834L was detected in the cfDNA obtained before 
treatment or after afatinib resistance was clearly shorter 
(4.1 months) (Figure 5A). In the multivariate analysis, 
EGFR-V834L, CDKN2A, and CTNNB1 were independent 
factors for poor PFS (Table 2). When comparing PFS only 
in EGFR-L858R cases, although there was no statistically 
significant difference, the PFS of V834L positive cases 
tends to be shorter (Figure S9).

Case presentation of three patients with EGFR-
L858R+V834L mutations

Final ly,  we present  three  cases  in  which EGFR-
L858R+V834L was detected in the cfDNA.

Case 1
A 68-year-old woman, non-smoker, ECOG PS 1, had 
a primary tumor, intrapulmonary metastasis, and bone 
metastasis at the time of diagnosis; EGFR-L858R was 

detected in the primary tumor tissue by real-time PCR. 
Mutations in EGFR-L858R, EGFR-V834L, CTNNB1, and 
NF1 were detected in the cfDNA obtained before the first-
line afatinib treatment. The PFS of afatinib treatment was 
3.4 months, and the best response was PD. With afatinib 
resistance, the primary tumor and pulmonary metastases 
enlarged. The FGFR3 mutation, but not EGFR-L858R or 
EGFR-V834L, was detected in the cfDNA after afatinib 
resistance (Figure 5B).

Case 2
A 39-year-old man, who smoked, ECOG PS 1, had 
a primary tumor and pleural metastasis at the time of 
diagnosis. EGFR-L858R was detected in primary tumor 
tissue using real-time PCR. Mutations in EGFR-L858R, 
EGFR-V834L, TP53, FGFR3, and RB1 were detected in 
the cfDNA obtained before the first-line afatinib treatment. 
The PFS of afatinib treatment was 4.9 months, and the 
best response was partial response (PR). Bone metastases 
worsened with the development of afatinib resistance. 
Mutations in EGFR-L858R, EGFR-V834L, TP53, and 
FGFR3 were detected in the cfDNA after afatinib resistance 
(Figure 5C).

Case 3
A 74-year-old woman, non-smoker, ECOG PS 1, had a 
primary tumor in the left upper lobe, left malignant pleural 
effusion, malignant pericardial effusion, and intrapulmonary 
metastases at the time of diagnosis. EGFR-L858R was 
detected in primary tumor tissue using real-time PCR. 
Neither EGFR-L858R nor EGFR-V834L was detected in 
the cfDNA obtained before the first-line afatinib treatment. 
The PFS of afatinib treatment was 4.1 months, and the 
best response was PR. The primary tumor and cancerous 
pleural effusion worsened with the development of afatinib 
resistance. Mutations in EGFR-L858R, EGFR-V834L, and 
EGFR-T790M were detected in cfDNA during afatinib 
resistance (Figure 5D). It is possible that the driver EGFR-
L858R and V834L mutations were not detected before 
treatment because the tumor burden (cfDNA amount) was 
small. It is also possible that EGFR-V834L induces afatinib 
tolerance in tumor cells and promotes acquisition of the 
EGFR-T790M mutation.

Discussion

We analyzed the plasma cfDNA of patients with EGFR-
mutated lung cancer who received afatinib treatment as a 

https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-24-471-Supplementary.pdf
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Figure 5 The PFS and case presentation of the three patients with EGFR-L858R positive NSCLC in which EGFR-V834L was detected in 
cfDNA obtained before treatment or at afatinib resistance. (A) PFS stratified by detection of EGFR-V834L in cfDNA either before afatinib 
treatment or at the acquisition of afatinib resistance in 40 cases in this study. (B) Case presentation of Case 1. (C) Case presentation of Case 2. 
(D) Case presentation of Case 3. EGFR, epidermal growth factor receptor; mPFS, median progression-free survival; CI, confidence interval; 
HR, hazard ratio; NA, not available; PFS, progression-free survival; M, months; PUL, pulmonary; OSS, osseous; PD, progressive disease; 
PLE, pleural; PR, partial response; NSCLC, non-small cell lung cancer; cfDNA, cell-free DNA.
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first-line therapy and found that EGFR-V834L combined 
with EGFR-L858R was associated with short PFS after 
afatinib treatment. Furthermore, in vitro and in vivo analyses 
of gene transfer into Ba/F3 cells revealed that EGFR-V834L 
confers resistance of EGFR-L858R to low concentrations of 
EGFR-TKIs, including afatinib and osimertinib.

One of the issues with liquid biopsy is the low 
sensitivity for target gene alterations. In the present study, 
the positivity rate of driver EGFR mutations (Ex19del, 
L858R, and G719A) in plasma cfDNA before the first-
line treatment was approximately 60%, a result similar to 
that of a previous report (25). In contrast, the number of 
positive results for driver EGFR mutations in the post-
resistant plasma cfDNA was low (6/40 cases; approximately 
20%). Nevertheless, EGFR-T790M was detected in two out 
of six cases (33%), and the detection rate by liquid biopsy 
was similar to that in a previous report (26). Therefore, 
the sensitivity for detecting gene mutations in this study 
was considered to be the same as previously reported. 
One of the reasons why the positivity rate of driver EGFR 
mutations in post-resistance samples was low may be the 
small tumor burden at the time of plasma sample collection. 
These findings highlight the importance of the timing 
of liquid biopsy specimen collection, which should be 
optimized in future studies.

In molecular structure, Ex19del removes from three to 
eight residues in the adenosine triphosphate (ATP)-binding 
site, while the L858R mutation is located away from the 
ATP-binding site, which is thought to result in different 
effects on EGFR-TKIs (27). The benefit of treatment with 

EGFR-TKI was more pronounced for patients with Ex19del 
compared to those with L858R mutations (28). In our study, 
PFS of patients with Ex19del was better than that of patients 
with L858R mutation. PFS of patients with L858R mutation 
was worse than previously reported (29). They may have had 
gene mutations that affect prognosis, and the small number 
of cases may have influenced the results of this study.

A study reported that V834 is located outside the 
ATP-binding pocket of EGFR (30), and because both 
valine and leucine are hydrophobic amino acids, it may 
not significantly affect protein structure. A recent report 
classified EGFR-L858R+V834L as a classical-like type 
mutation, which is located distal to the drug-binding pocket 
and has a modest to no impact on drug binding; however, 
detailed functional analysis has not been performed (31). 
On the other hand, it has been reported that V834L which 
results in a larger hydrophobic amino acid at V834 may 
result in steric hindrance of the drug near the anisole 
(methoxybenzene) group, and osimertinib may be less 
effective (32). Here, we introduced a genetic mutation into 
Ba/F3 cells and revealed, for the first time, that EGFR-
V834L confers resistance to low concentrations of EGFR-
TKIs in EGFR with the L858R mutation.

The LUX-Lung 2, 3, and 6 trials reported the efficacy of 
afatinib against uncommon mutations. However, there were 
no cases with co-mutations of L858R and V834L in the 
report. There is no comprehensive data on cases with co-
mutations of L858R and V834L (15). Although a few papers 
reporting the incidence of V834L as a compound mutation 
in EGFR-mutated lung cancer, EGFR-L858R+V834L seems 

Table 2 HR and P value for subgroups evaluating time to PFS and multivariate Cox proportional HR analysis for PFS

Characteristics PFS (months)
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

CDKN2A

Negative 13.1 1 1

Positive 4.83 4.62 1.30–16.4 0.018 7.73 2.05–29.2 0.003

CTNNB1

Negative 13.3 1 1

Positive 4.13 4.44 1.71–11.6 0.002 4.13 1.39–12.2 0.01

EGFR-V834L

Negative 13.1 1 1

Positive 4.13 8.46 2.08–34.4 0.003 6.04 1.27–28.8 0.02

HR, hazard ratio; PFS, progression-free survival; CI, confidence interval; EGFR, epidermal growth factor receptor.
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to be rare in NSCLC. To the best of our knowledge, only 
12 cases of EGFR-L858R+V834L positive NSCLC have 
been reported, and V834L was selectively compounded 
with EGFR-L858R, and not EGFR-Ex19del, in all 12 
cases (33-38). One report documented that EGFR-V834L 
could be detected as a germline mutation associated with 
familial lung cancer in tumors with EGFR-L858R+V834L  
mutations (33). It is not clear why V834L selectively coexists 
with EGFR-L858R rather than with EGFR-Ex19del.

In previous reports, the therapeutic efficacy of EGFR-
TKIs in patients with NSCLC and EGFR-L858R+V834L 
varied. In one case, the PFS with erlotinib treatment was 
only 3 months for a 57-year-old man who was positive for 
the EGFR-V834L germline mutation. This finding indicated 
that erlotinib was not clinically effective in this case. In 
contrast, a 57-year-old woman, the older sister of the man 
in the previous case, with EGFR-V834L germline mutation 
and EGFR-L858R+V834L driver tumor mutation was 
treated with erlotinib for over a year, and EGFR-T790M 
was detected during resistance. Subsequently, osimertinib 
was administered, and EGFR-C797S was detected in the 
cis form of EGFR-T790M after 1 year of treatment (33). 
These observations indicated that erlotinib and osimertinib 
were clinically beneficial in this case. Furthermore, in the 
four cases reported by Wu et al. (38), the efficacy of EGFR-
TKI treatment was PR in two cases and stable disease 
(SD) in two cases of NSCLC with EGFR-L858R+V834L. 
The results of these clinical reports and our preclinical 
experiments indicate that V834L confers resistance to 
low-concentration EGFR-TKIs in EGFR-L858R but 
may also affect the therapeutic efficacy of EGFR-TKIs by 
interacting with additional co-mutations. Studies have not 
clarified the types of co-mutations that coexist in patients 
with NSCLC having EGFR-L858R+V834L. In our study, 
genetic abnormalities associated with poor prognosis, such 
as TP53, CTNNB1, FGFR3, and RB1 mutations, which have 
been reported as poor prognostic factors in previous studies  
(20-22,39), coexisted. These factors may have acted together to 
shorten the PFS. In the future, it will be necessary to clarify the 
types of co-mutations that coexist with EGFR-L858R+V834L 
and the significance of these co-mutations in EGFR-TKI 
sensitivity to develop better molecular-targeted therapies.

This study had several limitations. First, the sample 
size was small. Another limitation was the sensitivity of 
the genetic analysis method used. We detected driver 
gene mutations in approximately 60% of plasma cfDNA 
collected before afatinib treatment of patients with EGFR-
mutant lung cancer, which is similar to a previous report. 

However, more sensitive methods may be needed to 
discover novel biomarkers for predicting the efficacy of 
molecular target drugs. Moreover, the detection rate of 
driver EGFR mutations in cfDNA at afatinib resistance 
was 15%, suggesting that tumor cell-derived cfDNA may 
not have been sufficiently present in the plasma of many 
patients. To elucidate resistance mechanisms using cfDNA, 
it may be necessary to collect plasma samples multiple times 
when the tumor burden is relatively small.

Conclusions

We identified a V834L mutation coexisting with EGFR-
L858R in patients with EGFR-mutated NSCLC having 
short PFS after first-line afatinib treatment. We found that 
the V834L mutation confers resistance to low-concentration 
EGFR-TKIs in EGFR-L858R-positive tumor cells, and 
it is possible that V834L cooperates with coexisting co-
mutations to influence the therapeutic efficacy of EGFR-
TKIs. In the future, in addition to compound mutations 
in driver genes, it will be necessary to determine the types 
of co-mutations and clarify the role of these mutations in 
the efficacy of molecular-targeted drugs to develop better 
molecular-targeted therapies.
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