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Background: Second-generation tyrosine kinase
inhibitors (TKIs) have demonstrated enhanced efficacy in
managing non-small cell lung cancer (NSCLC) patients
harboring uncommon epidermal growth factor receptor
(EGFR) mutations. However, there is limited research
comparing the effectiveness of second-line chemotherapy
in NSCLC patients with common and uncommon EGFR
mutations. This retrospective study aims to evaluate
treatment outcomes in these patient groups.
Methods: This retrospective analysis examined patients
with advanced-stage EGFR-mutated NSCLC who had
received first-line EGFR-TKIs at a tertiary referral center
from January 2010 to August 2022. Patients who tested
negative for the T790M mutation at disease progression
and subsequently received second-line chemotherapy
were included. Progression-free survival (PFS) and overall
survival (OS) were compared between NSCLC patients
with common and uncommon EGFR mutations using
Kaplan–Meier survival analysis and log-rank tests.
Results: Of the 209 patients meeting the inclusion
criteria, 192 (91.8%) had common EGFR mutations (exon
19 deletion or exon 21 L858R substitution), while 17
(8.2%) had uncommon EGFR mutations. Patients with
common EGFR mutations exhibited significantly longer
PFS compared to those with uncommon EGFR mutations
(4.57 vs. 2.57 months, p = 0.031). Cox proportional hazard
regression analysis, controlling for potential confounding
factors, indicated that an uncommon EGFR mutation
independently predicted shorter PFS.
Conclusion: Our study highlights that NSCLC patients
with uncommon EGFR mutations experience reduced
chemotherapy responses and shorter survival when
compared to those with common EGFR mutations. There
is an unmet need for the development of novel treatment
strategies tailored to this patient subgroup.
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Abstract
This retrospective study investigated patients diagnosed with
advanced-stage non-small cell lung cancer (NSCLC) at a tertiary
referral center from 2010 to 2022. After excluding patients who did
not undergo EGFR testing at initial diagnosis, those with negative
EGFR mutation results, those who did not receive first-line EGFR-TKI
therapy, and those with missing data or lost follow-up, the study
focused on patients with advanced EGFR-mutant NSCLC who received
first-line EGFR-TKI therapy. Subsequently, in cases of disease
progression during first-line therapy, a subset of patients underwent
rebiopsy and T790M testing to determine further treatment. Patients
with a negative T790M test at disease progression who received
second-line chemotherapy were included. Demographic and clinical
data, including age, sex, Eastern Cooperative Oncology Group (ECOG)
performance status, tumor characteristics, EGFR mutation status,
tumor size, lymph node involvement, and distant metastasis sites,
were recorded and anonymized following ethical guidelines. The
study received approval from the Institutional Ethics Committee of
National Cheng Kung University Hospital. Informed consent was
waived due to the retrospective nature of the study. After
commencing second-line chemotherapy, all patients underwent
regular imaging assessments every three months to evaluate
treatment response based on Response Evaluation Criteria in Solid
Tumors version 1.1. Progression-free survival (PFS) was defined as the
time from initiating second-line chemotherapy to radiological
evidence of disease progression, while overall survival (OS) was
measured from the start of second-line treatment to death. In cases
without disease progression or death, censoring was applied using
the last follow-up date..
EGFR mutation analysis was conducted on tumor tissues obtained
from various sources, including primary lung masses, metastatic
lymph nodes, or pleural tumors, following microscopic examination
with hematoxylin and eosin staining to confirm eligibility. Tumor DNA
extraction and EGFR mutation detection were performed using
Therascreen EGFR RGQ PCR Kit (EGFR IVD Kit; Qiagen). Statistical
analysis included presenting categorical variables, estimating
progression-free survival (PFS) and overall survival (OS) with Kaplan–
Meier methods, and identifying prognostic factors through univariate
and multivariate Cox proportional hazards regression analysis. A p-
value less than 0.05 was considered statistically significant, and
proportional hazards assumptions were assessed using R software.

Figure 3. The overall survival of patients refractory to first-line EGFR-TKIs with second-line chemotherapy.

Table 2. Cox proportional hazard regression analysis identifying prognostic factors for PFS.

Table 3. The Cox proportional hazard regression analysis identifying prognostic factors for OS.
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considered statistically significant. The proportional haz-
ards assumption was assessed using R software, where
log-negative-log of the Kaplan–Meier estimates of the
survival probability versus the log of survival time was
plotted. Additionally, the scaled Schoenfeld residuals were
examined to test the assumption.

RESULTS

Patient characteristics

A total of 699 patients diagnosed with advanced EGFR-
mutant NSCLC who received first-line EGFR-TKI therapy

F I G U R E 1 Study flowchart.

T A B L E 1 Baseline patient characteristics.

Variable
Common EGFR
mutation (n = 192)

Uncommon EGFR
mutation (n = 17)

All patients
(n = 209) p-values

Age (years), median (interquartile range) 63.3 (56.6–70.5) 68.4 (61.4–75.8) 64.0 (56.1–71.3)

<65, n (%) 105 (54.7%) 6 (35.3%) 111 (53.1%) 0.1246

>65, n (%) 87 (45.3%) 11 (64.7%) 98 (46.9%)

Gender, n (%)

Female 104 (54.2%) 12 (70.6%) 116 (55.5%) 0.1916

Male 88 (45.8%) 5 (29.4%) 93 (44.5%)

Histological subtype, n (%)

Adenocarcinoma 183 (95.3%) 15 (88.2%) 198 (94.7%) 0.2217

Nonadenocarcinoma 9 (4.7%) 2 (11.8%) 11 (5.3%)

Stage, n (%)

III 14 (7.3%) 1 (5.9%) 15 (7.1%) 0.6503

IV 178 (92.7%) 16 (94.1%) 194 (92.9%)

Performance score, n (%)

0/1 188 (97.9%) 17 (100%) 205 (98.1%) 1.0000

2/3/4 4 (2.1%) 0 (0%) 4 (1.9%)

Brain metastasis, n (%)

No brain metastasis 141 (73.4%) 11 (64.7%) 152 (72.7%) 0.4385

Brain metastasis 51 (26.6%) 6 (35.3%) 57 (27.3%)

Liver metastasis, n (%)

No liver metastasis 167 (87.0%) 14 (82.4%) 181 (86.6%) 0.4048

Liver metastasis 25 (13.0%) 3 (17.6%) 28 (13.4%)
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Figure 1. Study flowchart.

were included in the current study. During the follow-up
period, patients who remained clinically benefiting from
first-line therapy were excluded (n = 14). Patients who were
unable to undergo rebiopsy and subsequent T790M testing
(n = 82), those with a positive result for T790M mutation
(n = 237), and those who experienced rapid deterioration
(n = 157) were also excluded. Finally, 209 patients who
tested negative for T790M mutation and received second-
line chemotherapy were enrolled in the final analysis. The
Figure 1 had summarized the flowchart of patient enroll-
ment. We further allocated patients into two groups: com-
mon EGFR mutations, including exon 19 deletion and the
exon 21 L858R substitution (n = 192, 91.8%), and uncom-
mon EGFR mutations (n = 17, 8.2%). Notably, some
patients in the common EGFR mutation group had com-
pound mutations (n = 6, 3.1%). The detailed flowchart of
patient enrollment is summarized in Figure 1. The median
patient age was 64.0 years. Most patients had an ECOG PS
of 0–1 (98.1%), adenocarcinoma (94.7%), and stage IV dis-
ease (92.9%). Baseline clinical characteristics did not differ

significantly between the patients in the common and
uncommon EGFR mutation groups, including age, sex, his-
tological subtypes, stage, ECOG PS score, and incidences of
liver and brain metastases (Table 1).

PFS and OS

To clarify the response to second-line chemotherapy after
the failure of first-line EGFR-TKI treatment, PFS was
defined as the time between starting second-line chemother-
apy and imaging evidence of disease progression after che-
motherapy. Patients in the common EGFR mutation group
had significantly longer PFS than those in the uncommon
EGFR mutation group (4.57 vs. 2.57 months, p = 0.031;
Figure 2). While patients in the common EGFR mutation
group had longer OS than those in the uncommon EGFR
mutation group, the difference was nonsignificant (12.53
vs. 9.70 months, p = 0.501; Figure 3).

A Cox proportional hazards regression analysis control-
ling for potential confounding factors indicated that an
uncommon EGFR mutation was an independent poor prog-
nostic factor for PFS (hazard ratio [HR] = 2.15, 95% confi-
dence interval [CI]: 1.27–3.64; Table 2). Age was another
independent prognostic factor for PFS (Table 2). Being male
was only the independent poor prognostic factor for OS
(HR = 1.64, 95% CI: 1.22–2.21; Table 3). The proportional
hazard assumption was supported by the parallel lines
observed in Figure S1a, which depicted patients with both
common and uncommon EGFR mutations. Additionally,
the scaled Schoenfeld residuals were calculated and demon-
strated no significant change over time, as illustrated in
Figure S1b.

DISCUSSION

This study showed that patients with uncommon EGFR
mutations have poorer responses to chemotherapy. To our
knowledge, this is the first study investigating the impact of
EGFR mutation subtypes on second-line chemotherapy
efficacy.

Patients with NSCLC with uncommon EGFR mutations
have high tumor heterogeneity and unfavorable treatment
outcomes when given first-generation EGFR-TKIs.16,17 A pre-
vious post hoc analysis of clinical trials indicated that the
second-generation EGFR-TKI afatinib might provide rela-
tively satisfactory treatment outcomes.10 A subsequent pooled
analysis of 693 patients with uncommon EGFR mutations
drawn from randomized clinical trials, compassionate-use
and expanded-access programs, phase IIIb trials, noninter-
ventional trials, and case series showed that afatinib conferred
favorable treatment outcomes in the context of major uncom-
mon mutations, with median time-to-treatment failure of
10.8 months and objective response rate of 60.0%.11 Similarly,
in a real-world study, patients with major uncommon muta-
tions achieved a PFS of 15.1 months when given afatinib.18

F I G U R E 2 The progression-free survival of patients refractory to first-
line EGFR-TKIs with second-line chemotherapy.

F I G U R E 3 The overall survival of patients refractory to first-line
EGFR-TKIs with second-line chemotherapy.
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Table1 . Baseline patient characteristics.

Figure 2. The progression-free survival of patients refractory to first- line EGFR-TKIs with
second-line chemotherapy.
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