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Abstract. Osimertinib is standard first‑line therapy for 
EGFR‑mutant non‑small cell lung cancer (NSCLC); however, 
the optimal timing of combined thoracic radiotherapy 
(TRT) remains unclear. The aim of the present study was 
to investigate the relationship between the interval from 
osimertinib treatment to TRT interval and the survival 
outcomes, defining an optimal therapeutic window for 
unresectable EGFR‑mutant NSCLC. Data from 175 patients 
with stage IIIB/IV EGFR‑mutant NSCLC receiving first‑line 
osimertinib and consolidation TRT were retrospectively 
analyzed. Cox regression and restricted cubic spline (RCS) 
models, inverse probability of treatment weighting, and 
left‑truncated and landmark analyses were performed. At a 
median follow‑up time of 25.3 months, each 1‑day delay in the 
osimertinib‑to‑TRT interval was identified as an independent 
adverse prognostic factor for locoregional progression‑free 
survival [hazard ratio (HR), 1.02; 95% confidence interval 
(CI), 1.01‑1.02; P<0.001], progression‑free survival (HR, 1.01; 
95% CI, 1.01‑1.02; P<0.001), and overall survival (HR, 1.02; 
95% CI, 1.01‑1.02; P<0.001). The RCS model revealed a signif‑
icant non‑linear J‑shaped association (non‑linear P<0.05), 
with risk peaking between 40 and 102 days. All sensitivity 
analyses, including inverse probability of treatment weighting, 
left‑truncated immortal time bias adjustment, 3/6/12‑month 
landmark analyses, and osimertinib response adjustment, 
yielded consistent effect estimates. These findings indicate 
that the interval between osimertinib and TRT initiation is an 
independent prognostic factor for EGFR‑mutant NSCLC, with 
a non‑linear J‑shaped association with survival. TRT initiation 

within 40 days of osimertinib commencement confers optimal 
benefit, providing evidence‑based guidance for clinical 
treatment decision‑making.

Introduction

Non‑small cell lung cancer (NSCLC) accounts for 85% of all 
confirmed lung cancer cases in the United States (1). NSCLC 
is difficult to detect in the early stages and has a high degree 
of malignancy and invasiveness. Therefore, the majority 
of patients with lung cancer are diagnosed with an already 
locally advanced stage or metastatic lesions at first presenta‑
tion. Although surgery, radiotherapy (RT), chemotherapy, and 
other treatments can prolong the survival time of patients with 
late‑stage disease, the overall survival rate of NSCLC is still 
poor. For patients with stage IV NSCLC in the United States, 
the 1‑year survival rate was 25.1%, with a median overall 
survival of only 8.2 months (2).

EGFR mutation is one of the most common types of gene 
mutations in NSCLC. Patients with advanced or metastatic 
NSCLC carrying EGFR gene mutations (such as exon 19 
deletion or exon 21 point mutation) exhibit high sensitivity 
to EGFR tyrosine kinase inhibitors (TKIs) (3). Osimertinib 
is a representative third‑generation EGFR‑TKI that can exert 
marked inhibitory effects on tumor cell proliferation, invasion, 
and metastasis by effectively inhibiting mutant EGFR activa‑
tion (3,4). Osimertinib irreversibly binds to cysteine residue 797 
at the ATP binding site of EGFR. Compared with gefitinib and 
erlotinib, osimertinib exhibits marked antitumor activity (4) 
and has the ability to overcome T790M mutation‑mediated 
drug resistance, whilst moderately inhibiting the abnormal 
activation state of human epidermal growth factor receptor 
2 (5). In addition, osimertinib addresses the toxic side effects 
of second‑generation EGFR‑TKIs.

Thoracic RT (TRT) is an indispensable component of 
multimodal therapy for patients with advanced NSCLC, 
particularly for achieving local tumor control. Accumulating 
evidence suggests that the combination of local TRT with 
systemic therapy may be a promising strategy for patients 
with oligo‑metastatic or oligo‑progressive disease (6,7), as 
it may eliminate resistant tumor cells or control dominant 
local lesions, thereby prolonging the time to systemic treat‑
ment failure. Pre‑emptive TRT before the onset of disease 
progression has also been proposed as an effective strategy to 
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counteract resistance, especially that mediated by the T790M 
mutation (8). Furthermore, TKIs possess a radiosensitizing 
effect, which can enhance the antitumor efficacy of TRT and 
mitigate secondary drug resistance (9). However, the optimal 
timing and the sequencing of TRT combined with EGFR‑TKIs 
remain subjects of considerable debate. Whilst concurrent 
administration may offer enhanced antitumor effects, it 
also carries an increased risk of severe adverse events, such 
as radiation pneumonitis or esophagitis, which can lead to 
treatment interruption. By contrast, a sequential approach 
may reduce toxicity, but risks compromising local control by 
delaying intervention (10). In addition, the majority of existing 
studies on this combined modality have focused on first‑ or 
second‑generation EGFR‑TKIs (11). Despite the existence of 
studies reporting improvements in progression‑free survival 
(PFS) and overall survival (OS) as a result of the combination 
of TRT and earlier‑generation EGFR‑TKI (12), there remains 
a distinct lack of evidence for guiding the optimal timing of 
TRT in the context of third‑generation osimertinib therapy. 
This knowledge gap highlights the need for a comprehensive 
investigation into the relationship between different TRT 
intervals and the prognosis of patients receiving osimertinib.

The aim of the present study was to investigate the rela‑
tionship between different TRT intervals and the prognosis 
of patients with advanced lung adenocarcinoma receiving 
osimertinib, while exploring the optimal treatment intervals 
and beneficiary population for TRT.

Patients and methods

Study design. The present study was a single‑center, retro‑
spective study performed at The Fourth Affiliated Hospital 
of Guangxi Medical University (Liuzhou, China). The 
study protocol was approved by the Institutional Ethics 
Committee of The Fourth Affiliated Hospital of Guangxi 
Medical University (approval no. KY2024162). All analyses 
were conducted after patient de‑identification, ensuring that 
there was no interference with therapeutic management. In 
the present study, patients with stage IIIB and IV NSCLC 
who received osimertinib treatment between January 2018 
and December 2022 were included. All these patients had 
pathologically confirmed EGFR gene mutations (exon 19 
deletions or exon 21 L858R point mutations) and were evalu‑
ated as unresectable by a multidisciplinary team. All patients 
received osimertinib (80 mg once daily) as a first‑line therapy 
until disease progression or treatment intolerance necessitated 
a regimen change. 

Inclusion criteria were as follows: i)  Age >18  years; 
ii) Eastern Cooperative Oncology Group (ECOG) performance 
status of ≤2 (13); iii) receipt of TRT for consolidation therapy; 
iv) stage IIIB and IV NSCLC according to the American Joint 
Committee on Cancer 8th edition staging system (14); v) pres‑
ence of measurable lesions and assessable disease status based 
on Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 (15); and vi) complete follow‑up data. 

Exclusion criteria were as follows: i) Missing clinical or 
imaging data; ii) presence of other primary malignancies; 
iii) pathologically or cytologically confirmed non‑adeno‑
carcinoma histology; iv)  lack of an EGFR mutation; 
v) patients who did not receive both targeted therapy and 

RT; vi) succumbing to a non‑oncological cause; vii) brain 
metastasis at initial diagnosis; viii) performing radiation 
therapy first, followed by drug therapy; and ix) patients with 
an interruption of osimertinib treatment for >7 days prior to 
stereotactic RT. Clinical and follow‑up data were collected 
from electronic medical records and telephone interviews. 
All patients included in the present study underwent RECIST 
1.1 assessment by chest CT imaging within 7 days prior to 
the initiation of TRT, to ensure the homogeneity of the study 
cohort and to ensure that all patients received appropriate 
treatment.

RT protocols. All patients received intensity‑modulated 
conformal RT. The tumor target volumes and doses were 
defined as the primary thoracic lesion and metastatic medi‑
astinal lymph nodes. Extrathoracic metastatic sites were not 
included. Palliative RT for thoracic lesions was delivered at a 
total dose of 50‑60 Gy in 25‑30 fractions, with a single frac‑
tion dose of 1.8‑2.0 Gy. Organ‑at‑risk (OAR) dose constraints 
were as follows: i)  Spinal cord, maximum dose <45  Gy; 
ii) ipsilateral lung, volume of the OAR receiving at least 5 Gy 
(V5) ≤65%, V20 ≤30%, and V30 ≤20%; iii) bilateral lungs, 
V20 ≤28%; iv) heart, V30 ≤30% and mean dose <35 Gy; 
v) esophagus, V50 ≤50% and mean dose <34 Gy; vi) liver, V30 
<30%; vii) kidney, V20 <30%; and viii) trachea, maximum 
dose <60 Gy. All patient target volumes were delineated by 
the same RT team. 

The follow‑up period for each patient began on the 
first day of osimertinib administration and concluded on 
December  31,  2023, or the date of mortality. No further 
radiological data on target lesions were collected after disease 
progression. The status of initial lesions, treatment response, 
and disease progression for all evaluation scans were assessed 
by an experienced radiologist according to RECIST v1.1 
criteria. 

Study endpoints. The primary study endpoints were PFS, local 
PFS (LPFS), and OS. PFS was defined as the time from the 
first day of targeted therapy administration until the date of 
radiologically confirmed disease progression or the date of last 
follow‑up. LPFS was defined as the time from the first day of 
targeted therapy until radiologically confirmed progression of 
the intrathoracic lesion or the date of last follow‑up. OS was 
defined as the time from the first day of targeted therapy until 
mortality from any cause or the date of last follow‑up. 

The treatment interval was defined as the number of days 
between the date of the first osimertinib administration and 
the date of the first fraction of chest RT. Oligometastasis 
was defined as having a total of <5 metastatic lesions in ≤3 
affected organs, excluding the primary intrapulmonary lesion. 
Extensive metastasis was defined as having a total of >6 meta‑
static lesions and/or >4 affected organs. Radiation‑related 
toxicities included radiation pneumonitis and radiation 
esophagitis.

Statistical analysis. Clinical and follow‑up data of the 
patients were retrospectively extracted from the hospital's 
electronic medical record system between January 2025 and 
March 2025, and all retrospective statistical analyses were 
completed within this timeframe. The primary outcome 
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examined was the relationship between RT intervals and 
prognosis. Demographic and pathological factors were 
evaluated as potential influencing factors. Data that followed 
a normal distribution are presented as mean  ±  standard 
deviation, whilst skewed data are expressed as median 
[interquartile range (IQR)]. Categorical data are described 
using counts and percentages. Incomplete data were excluded 
to ensure that only complete data were used for further 
analysis. Univariate and multivariate Cox proportional 
hazards regression models were used to identify potential 
influencing factors that may affect prognosis. Baseline 
characteristics were compared between groups using the 
χ² test for categorical variables and the Mann‑Whitney U 
test for continuous variables. The association between RT 
intervals and the prognosis was described using univariate 
and multivariable Cox regression with the visual 4‑knots 
restricted cubic splines (RCS) model. Variables with P<0.1 
in univariate Cox analyses were adjusted in the multivariate 
model, which is consistent with standard epidemiological 
practice. This approach avoids over‑restrictive P<0.05 thresh‑
olds that can introduce model bias by excluding important 
prognostic variables, and adheres to the 10 events per vari‑
able rule. If non‑linearity was detected, the inflection point 
was first calculated using a recursive algorithm, before a 
three‑piecewise Cox proportional‑hazards regression model 
was then constructed on both sides of the inflection point. 
The cumulative rates of mortality were compared using 
the Kaplan‑Meier curves. For sensitivity analysis, intervals 
were categorized into tertiles and quartiles using a recursive 
algorithm before the associations between the quartiles 
of intervals and prognosis were calculated. Stratified 
analysis was performed by mutation type. The response to 
osimertinib was considered as a covariate in the additional 
multivariate analyses for confounding factor adjustment. To 
address immortal time bias, left‑truncated time‑dependent 
Cox regression and RCS models were used. In these models, 
patients entered the risk set only from TRT initiation rather 
than from osimertinib commencement. Landmark analyses 
at 3, 6, and 12 months were further conducted by excluding 
patients with short follow‑up before each landmark cut‑off. 
Multivariable Cox models and Kaplan‑Meier curves were 
repeated, with log‑rank tests applied to compare inter‑group 
survival differences. Landmark Kaplan‑Meier curves strati‑
fied according to the median treatment interval were plotted 
to compare survival outcomes across the two subgroups. 
Splitting at the median treatment interval in Landmark 
Kaplan‑Meier curves was performed to compare mark‑
edly distinct survival. To balance baseline characteristics, 
inverse probability of treatment weighting (IPTW), which is 
based on the generalized propensity score, was performed 
to balance baseline characteristics across different interval 
groups. Pearson's correlation was used to evaluate covariate 
balance, with a Pearson's correlation coefficient <0.1 defined 
as adequate balance. Weighted Cox regression was conducted 
with the multivariable‑adjusted primary model. 

All statistical analyses were conducted in R 4.3.1 utilizing 
four CRAN‑hosted packages: Survival (https://cran.r‑project.
org/web/packages/survival), rms (https://cran.r‑project.
org/web/packages/rms), dplyr (https://cran.r‑project.
org/web/packages/dplyr) and survminer (https://cran.r‑project.

org/web/packages/survminer). Two‑sided P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 179 patients with advanced 
NSCLC initially received first‑line osimertinib at The Fourth 
Affiliated Hospital of Guangxi Medical University. From 
this cohort, 175 met the inclusion criteria. Due to the use of 
RT before drug treatment, 4 patients were excluded from the 
cohort study (Fig. S1). Amongst the remaining patients, there 
were no cases of missing data. The cohort included 110 males 
and 65 females. According to tumor, node, and metastasis 
(TNM) classification distribution (16), there were 29 patients 
with stage IIIB and 146 with stage IV disease. The median age 
was 61 years [95% confidence interval (CI), 29‑88]. A total of 
55 patients (31.4%) were older than 65 years, and 39 (22.3%) 
had a history of smoking. Among the cohort, 40 patients 
had oligometastasis, whilst 135 had extensive metastasis. By 
ECOG performance status, there were 142 patients in the 
0‑1 points category and 33 patients in the 2 points category. 
In total, 96 patients had an EGFR exon 19 deletion and 79 had 
an EGFR exon 21 L858R point mutation. The demographic 
and oncological characteristics of the patients are summarized 
in Table I. The median treatment interval was 67 days (IQR, 
72.50 days), with a mean of 71.66 days (95% CI, 64.98‑78.35). 
The 29 patients with stage IIIB disease included in the present 
study showed no significant differences in baseline character‑
istics compared with those with stage IV disease (Table SI). 
The responses to osimertinib treatment before TRT were as 
follows: 116 cases (66.3%) with a partial response and 59 cases 
(33.7%) with stable disease (Table SII).

Treatment outcomes and toxicities. As of the final follow‑up, the 
median follow‑up time was 25.3 months (IQR, 16.50 months). 
Events were observed in 155  patients (88.6%) for LPFS 
(local progression), in 160 patients (91.4%) for PFS (disease 
progression) and in 118 patients (67.4%) for OS (death from 
any cause). The median LPFS time was 17.50 months (IQR, 
10.40 months), the median PFS time was 14.40 months (IQR, 
8.20 months), and the median OS time was 25.60 months 
(IQR, 16.75 months). During the study period, 66 patients 
were diagnosed with radiation pneumonitis and 33 with radia‑
tion esophagitis. For patients who developed metastases in 
extra‑regional sites, radiation therapy was administered to the 
corresponding locations. When patients developed drug resis‑
tance or experienced severe adverse reactions, the treatment 
was switched to a second‑line or subsequent‑line therapy.

Analysis. Univariate Cox regression analysis indicated that 
treatment interval was a candidate prognostic factor for LPFS, 
PFS and OS (all in P<0.001), whereas age was only predic‑
tive of LPFS (P=0.002) and PFS (P<0.001) (Tables II‑IV). As 
illustrated in Table IV, stage IV disease (P=0.056) and EGFR 
exon 21 L858R mutation (P=0.045) yielded significant asso‑
ciations with OS. Multivariate regression analysis revealed 
that both treatment interval [hazard ratio (HR), 1.02; 95% 
CI, 1.01‑1.02; P<0.001] and age ≥65 years (HR, 0.57; 95% 
CI, 0.39‑0.81; P=0.002) were significantly associated with 
LPFS (Table II). For PFS, multivariate regression showed that 
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treatment interval (HR, 1.01; 95% CI, 1.01‑1.02; P<0.001) and 
age ≥65 years (HR, 0.51; 95% CI, 0.36‑0.73; P<0.001) were 
significantly associated with outcome (Table III). In terms 
of OS, univariate Cox regression analysis showed that TNM 
stage, EGFR mutation subtype, and treatment interval were 
potential influencing factors. Multivariate regression analysis 
further demonstrated that EGFR mutation subtype (HR, 1.47; 
95% CI, 1.01‑2.13; P=0.045) and treatment interval (HR, 1.02; 
95% CI, 1.01‑1.02; P<0.001) were significantly associated with 
OS (Table IV). In the sensitivity analysis, the risk estimates 
of the treatment interval for prognosis remained significantly 
associated with LPFS, PFS and OS across the tertile groups 
(Tables SIII‑SV).

After controlling for covariates, longer treatment intervals 
remained non‑linearly correlated with survival endpoints, 
with significant non‑linear relationships observed for LPFS 
(non‑linear P=0.003), PFS (non‑linear P=0.010) and OS 
(non‑linear P=0.004) (Fig. 1). Using three‑piecewise linear 
regression models, it was determined that 40 and 102 days were 
the inflection points for LPFS (Fig. 2), whilst 40 and 104 days 

were the inflection points for PFS and OS (Figs. 3 and 4). For 
LPFS, the risk rapidly increased between 40 and 102 days 
(HR, 1.03; 95% CI, 1.02‑1.04; P<0.001). A highly similar 
pattern was observed for PFS (HR, 1.03; 95% CI, 1.02‑1.04; 
P<0.001) and OS (HR, 1.04; 95% CI, 1.02‑1.05; P<0.001). 
When outside of the threshold (such as before 40 days or after 
the upper threshold), the prognostic risk of LPFS, PFS, and OS 
did not change significantly. 

Patients were then divided into three groups. In the 
Kaplan‑Meier curve, longer LPFS, PFS, and OS times 
were observed in patients in the early‑treatment group 
(<40 days; log‑rank test, P<0.001; Fig. 5). In the sensitivity 
analysis, after adjusting for the response to osimertinib, 
the treatment interval remained an independent prognostic 
factor for LPFS (HR, 1.02; 95% CI, 1.01‑1.02; P<0.001), 
PFS (HR, 1.01; 95% CI, 1.01‑1.02; P<0.001), and OS (HR, 
1.02; 95% CI, 1.01‑1.02; P<0.001) (Tables  SVI‑VIII). 
Furthermore, after adjustment, the original non‑linear 
association remained statistically significant (Fig. S2). In 
left‑truncated time‑dependent Cox regression, a longer RT 
interval remained significantly associated with worse LPFS 
and PFS, whereas no meaningful association with OS was 
detected (Table SIX). Left‑truncated RCS models showed 
significant non‑linear relationships between the RT interval 
and OS, PFS, and LPFS (Fig. S3). In landmark analyses at 3, 
6, and 12 months, for each 1‑day increase in the interval, the 
rate of adverse survival risks increased significantly for OS, 
PFS, and LPFS across all landmark time points (Fig. S4). 
Kaplan‑Meier curves in the landmark analysis stratified by 
the median 67‑day treatment interval revealed significant 
differences in LPFS, PFS and OS between subgroups (all 
P<0.0001). Patients with treatment intervals <67  days 
achieved longer survival than those with intervals of 
≥67 days (Figs. S5‑7). In the four‑piecewise Cox regression 
model, when the treatment interval exceeded the threshold 
of 67 days, longer intervals were closely associated with poor 
prognosis for LPFS, PFS, and OS (Fig. S8; Tables SX‑XII). 
Subgroup analysis showed that prolonged RT interval inde‑
pendently predicted poorer prognosis across both EGFR 
subtypes (Table SXIII). After adjustment for confounding 
covariates, a significant interaction was identified between 
EGFR genotype and treatment interval with respect to OS. 
No comparable significant interaction was found for PFS 
or LPFS (Table SXIII). After IPTW, all baseline covariates 
were well‑balanced (Table  SXIV). IPTW‑weighted Cox 
regression confirmed that prolonged RT interval remained 
significantly associated with inferior OS, PFS, and LPFS 
(Table  SXV). IPTW‑RCS showed significant non‑linear 
trends (Fig. S9).

Discussion

To the best of our knowledge, the relationship between the 
treatment interval for chest RT and prognosis in patients with 
advanced NSCLC treated with first‑line osimertinib has not 
been sufficiently analyzed. A key novel finding of the present 
study is the significant impact of RT interval on prognosis 
and their non‑linear relationship. Treatment interval was 
significantly associated with LPFS, PFS, and OS. In the 
middle intervals (40‑102 days/40‑104 days), the risk rapidly 

Table I. Characteristics of the 175 patients.

Characteristics	 Value

Age, n (%)	
  <65 years	 120 (68.57)
  ≥65 years	 55 (31.43)
Sex, n (%)	
  Male	 110 (62.86)
  Female	 65 (37.14)
Smoking history, n (%)	
  No	 136 (77.71) 
  Yes	 39 (22.29) 
Family history of malignant tumors, n (%)	
  No	 153 (87.43)
  Yes	 22 (12.57)
TMN stage, n (%)	
  IIIB	 29 (16.57)
  IV	 146 (83.43)
Distant metastasis, n (%)	
  Oligometastasis	 40 (22.86)
  Extensive metastasis	 135 (77.14)
PS score/ECOG score, n (%)	
  0‑1	 142 (81.14)
  2	 33 (18.86)
Genetic typing, n (%)	
  EGFR 19 exon mutation	 96 (54.86)
  EGFR exon 21 L858R point mutation	 79 (45.14)
Treatment interval, days	
  Median	 67
  Range	 38‑111

TNM, Tumor‑Node‑Metastasis; PS, performance status; ECOG, 
Eastern Cooperative Oncology Group.
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increased for LPFS, PFS, and OS. However, outside this 
threshold range, no significant change in prognostic risk was 
observed. In the Kaplan‑Meier curve, patients treated early 
had a superior prognosis in terms of LPFS, PFS, and OS. 
These findings indicate that TRT initiation within 40 days 
of osimertinib commencement is associated with maximal 
survival benefit, whilst delays between 40  and  104  days 
confer a significantly elevated risk of disease progression 
and mortality.

The sensitivity of NSCLC to RT is low, and the timing 
of radiation therapy initiation remains a controversial issue. 
Previous studies have shown that the benefit of EGFR‑TKI 
combined with RT in terms of PFS is superior compared with 

that of combined anti‑angiogenesis therapy, chemotherapy, 
and any other treatment (17), in addition to being superior 
to EGFR‑TKI alone (18). In terms of mechanism, there is 
evidence that the combination of EGFR‑TKI and RT can 
significantly reduce the proportion of S‑phase cells, induce 
apoptosis, inhibit the autophosphorylation of epidermal 
EGFR and downregulate the expression of Rad51 recom‑
binase to enhance radiosensitivity (19). Similarly, induction 
chemotherapy before RT has a benefit on the OS of patients 
with NSCLC receiving RT and chemotherapy (20), which 
indicates the rationality of EGFR‑TKI therapy combined with 
consolidation RT. However, Xu et al (21) enrolled 45 patients 
with stage III NSCLC treated with concurrent radiotherapy 

Table II. Univariate and multivariate cox regression for predictors of local progression‑free survival.

	 Univariable	 Multivariable
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age ≥65 years	 0.61	 0.43-0.88	 0.007	 0.57	 0.39-0.81	 0.002
Female	 1.04	 0.75-1.44	 0.82			 
Smoking history	 1.06	 0.73-1.53	 0.779			 
Family history of malignant tumors	 0.80	 0.48-1.33	 0.388			 
TMN stage IV	 0.98	 0.64-1.51	 0.937			 
Extensive metastasis	 0.85	 0.59-1.22	 0.378			 
PS score/ECOG score	 1.01	 0.67-1.51	 0.977			 
EGFR exon 21 L858R point mutation	 1.02	 0.74-1.40	 0.910			 
Treatment interval, days	 1.02	 1.01-1.02	 <0.001	 1.02	 1.01-1.02	 <0.001
Radiation‑induced lung injury	 1.06	 0.77-1.47	 0.719			 
Radiation‑induced esophagitis	 1.16	 0.78-1.74	 0.465			 

CI, confidence interval; HR, hazard ratio; TNM, Tumor‑Node‑Metastasis; PS, performance status; ECOG, Eastern Cooperative Oncology 
Group.

Table III. Univariate and multivariate cox regression for predictors of progression‑free survival.

	 Univariable	 Multivariable
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age ≥65 years	 0.55	 0.38-0.78	 <0.001	 0.51	 0.36-0.73	 <0.001
Female	 1.04	 0.75-1.43	 0.821			 
Smoking history	 1.02	 0.71-1.48	 0.903			 
Family history of malignant tumors	 0.71	 0.43-1.18	 0.188			 
TMN stage IV	 1.06	 0.69-1.63	 0.782			 
Extensive metastasis	 0.77	 0.54-1.11	 0.157			 
PS score/ECOG score	 1.02	 0.68-1.53	 0.910			 
EGFR exon 21 L858R point mutation	 0.98	 0.71-1.34	 0.887			 
Treatment interval, days	 1.01	 1.01-1.02	 <0.001	 1.01	 1.01-1.02	 <0.001
Radiation‑induced lung injury	 1.10	 0.80-1.52	 0.558			 
Radiation‑induced esophagitis	 1.16	 0.78-1.74	 0.46			 

CI, confidence interval; HR, hazard ratio; TNM, Tumor‑Node‑Metastasis; PS, performance status; ECOG, Eastern Cooperative Oncology 
Group.
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plus EGFR‑TKIs, 20 of whom (44.4%) harbored EGFR muta‑
tions. The cohort achieved a median PFS time of 27.9 months 
(95% CI, 18.7‑37.2) and a median OS time of 49.7 months 
(95% CI, 27.7‑71.8). Different from this concurrent treatment 
strategy, the present study adopted sequential EGFR‑TKI 
consolidation following radiotherapy and included patients 
with stage IV disease, who generally have poorer baseline 
prognostic outcomes. Despite this disadvantage at baseline, 
the patients still achieved promising survival outcomes, 
which may be explained by the longer median duration 
of EGFR‑TKI treatment in the present cohort (28.4 vs. 
14.4 months) compared with that of the cohort in the study 
by Xu et al (21). Previous studies found that the treatment 
time was positively associated with OS (21), which was also 
the reason for the shorter median OS time observed in the 
present cohort. Hu et al  (22) adopted a similar treatment 
strategy to the present study, combining EGFR‑TKIs with 
local consolidative radiotherapy. Nevertheless, the cohort 
achieved a longer median OS time than in the present study 
(38.0 vs. 25.6 months). This survival discrepancy was mainly 
attributed to differences in baseline patient characteristics, as 
the study only enrolled elderly patients with oligometastatic 
disease who carried more favorable prognostic profiles (22). 
Importantly, while baseline patient characteristics and 
EGFR‑TKI treatment duration have been established as prog‑
nostic predictors for EGFR‑mutant NSCLC (23), few studies 
have specifically investigated how the time interval between 
EGFR‑TKI initiation and thoracic radiotherapy affects 
long‑term survival. Although this temporal parameter has 
not yet been fully characterized, it bears important clinical 
implications for guiding the optimal sequencing of targeted 
therapy and radiotherapy.

The present study shows that the intervals of 40 and 
102/104 days are the inflection points for the therapeutic 
effect of the time interval between EGFR‑TKI initiation and 
thoracic radiotherapy. Within 40‑102/104 days, the longer 
interval is associated with a higher probability of adverse 

prognostic risk. EGFR‑TKI can inhibit the proliferation and 
survival of tumor cells while altering the immune environ‑
ment (22). When the interval between EGFR‑TKI and RT is 
short, EGFR‑TKI and RT can exert synergistic effects, making 
the killing effect of RT on tumor cells more potent (24,25). 
This can explain the time trend of the RT effect observed in 
the present study. An interval of <30 days may be too brief 
to permit full TKI‑mediated radiosensitization, attenuating 
clinical benefit. Li et al (26) observed that primary tumor 
radiotherapy initiated 30 days after EGFR‑TKI yielded better 
overall survival than either earlier treatment or post‑progres‑
sion radiotherapy, but did not evaluate non‑linear interval 
effects. Several lines of evidence support the rationality of the 
upper limit of 102/104 days for radiotherapy initiation identi‑
fied. Tang et al (27) found that patients receiving single‑agent 
EGFR‑TKIs achieved a median time to therapeutic response 
of 2.00 months (95% CI, 1.28 to 2.92 months). For patients 
with stable disease, the median time to maximum tumor 
shrinkage was also 2.00 months, corresponding to a 95% 
CI of 1.42‑2.58 months. These clinical observations align 
with another independent study confirming that effec‑
tive antitumor responses can be achieved within 8 weeks 
after EGFR‑TKI treatment initiation (27). Therefore, these 
published data presented above reveal that EGFR‑TKIs 
mostly induce maximal tumor regression within the first 
2 months of treatment. This temporal characteristic matches 
the 67‑day breakpoint observed in the present restricted cubic 
spline analysis. Radiotherapy delayed beyond this time point 
correlates with an elevated risk of local disease progression. 
Such temporal consistency further supports the biological 
rationality of the present findings. Clinically, administering 
thoracic radiotherapy after EGFR‑TKI‑induced tumor 
shrinkage, and before the development of drug resistance and 
tumor regrowth, constitutes an optimal treatment window to 
maximize local tumor control. This appropriate time window 
opens 6 to 8 weeks after TKI administration and closes no 
later than 102 to 104 days after TKI initiation.

Table IV. Univariate and multivariate cox regression for predictors of overall survival.

	 Univariable	 Multivariable
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age ≥65 years	 1.10	 0.74-1.62	 0.641			 
Female	 1.01	 0.69-1.46	 0.975			 
Smoking history	 0.83	 0.52-1.30	 0.411			 
Family history of malignant tumors	 1.01	 0.59-1.75	 0.965			 
TNM stage IV	 2.07	 1.14-3.77	 0.017	 1.79	 0.98-3.27	 0.056
Extensive metastasis	 1.05	 0.68-1.62	 0.842			 
PS score/ECOG score	 1.03	 0.64-1.63	 0.914			 
EGFR exon 21 L858R point mutation	 1.68	 1.16-2.43	 0.006	 1.47	 1.01-2.13	 0.045
Treatment intervals, days	 1.02	 1.01-1.02	 <0.001	 1.02	 1.01-1.02	 <0.001
Radiation‑induced lung injury	 1.22	 0.84-1.77	 0.301			 
Radiation‑induced esophagitis	 1.34	 0.85-2.13	 0.206			 

CI, confidence interval; HR, hazard ratio; TNM, Tumor‑Node‑Metastasis; PS, performance status; ECOG, Eastern Cooperative Oncology 
Group.
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In the present study, restricted cubic spline and 
piecewise regression analyses confirmed a non‑linear asso‑
ciation between the osimertinib‑to‑TRT interval and survival 
outcomes. In the present results, the mortality risk remained 
stable for intervals of <40 days and rose significantly for 
intervals between 40 and 102 days, before plateauing again 
for intervals >102 days. This trend may be attributed to the 
dynamic changes in tumor cell cycle status, immune micro‑
environment evolution, and clinical confounding factors. 

This interval‑specific elevation in risk may be primarily 
driven by the waning of osimertinib‑induced radiosensitiza‑
tion. Preclinical studies in EGFR‑mutant NSCLC models 
have demonstrated that EGFR‑TKI induces G1 cell cycle 
arrest and exerts transient radiosensitizing effects (28,29). 
This radiosensitization gradually diminishes with prolonged 
drug exposure, as surviving tumor cells restore prolif‑
erative capacity via upregulation of cyclin D1 and CDK4/6 
signaling (30‑32). By 40 days post‑initiation, the majority of 

Figure 1. Restricted cubic spline curves between osimertinib‑to‑thoracic radiotherapy interval and risk of LPFS, PFS and OS. Solid lines represent 
hazard ratios, shaded areas represent 95% confidence intervals, and dashed lines indicate HR=1. (A and B) LPFS, (C and D) PFS and (E and F) OS curves. 
(A, C and E) Unadjusted and (B, D and F) multivariable‑adjusted models [(B) and (D) are adjusted for age; (F) is adjusted for Tumor‑Node‑Metastasis stage 
and EGFR mutation subtype]. PFS, progression‑free survival; LPFS, local PFS; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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surviving tumor cells have exited G1 arrest. The upregulation 
of cyclin D1 and CDK4/6 signaling restores their prolif‑
erative capacity and reverses intrinsic radiosensitivity by a 
2‑times decrease compared with those in the first 2 weeks of 
the treatment period. Furthermore, this 40‑102‑day window 
corresponds to a transient immunosuppressive phase under 
continuous EGFR inhibition. In a phase III FLAURA trial, the 

proportion of immunosuppressive M2‑polarised tumor‑asso‑
ciated macrophages and regulatory T cells was found to be 
notably increased between 6 and 14 weeks post‑osimertinib 
initiation (33). A 2.1‑times rise in tumor cell programmed 
death ligand 1 (PD‑L1) expression is observed at 12 weeks. 
Consistent with a prior finding (26), long‑term single‑agent 
EGFR‑TKI exposure can progressively consolidate the tumor 

Figure 2. Inflection point analysis of treatment interval effect on local progression‑free survival adjusted for age. HR, hazard ratio; CI, confidence interval.

Figure 3. Inflection point analysis of treatment interval effect on progression‑free survival adjusted for age. HR, hazard ratio; CI, confidence interval.

Figure 4. Inflection point analysis of treatment interval effect on overall survival adjusted for Tumor‑Node‑Metastasis stage and genetic typing. HR, hazard 
ratio; CI, confidence interval.
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microenvironment into a deeply immunosuppressive state, 
promoting drug resistance and immune escape. Whilst RT 
can induce immunogenic cell death and promote antitumor 
immune responses (34,35), it also instantaneously upregulates 
immunosuppressive molecules, such as PD‑L1, indoleamine 
2,3‑dioxygenase 1, and TGF‑β, while activating regulatory 
T cell and myeloid‑derived suppressor cell function  (36). 
Regardless of the local radiation dose, within the 40‑ to 
102‑day window, the pre‑existing immunosuppressive milieu 
may blunt the RT‑induced abscopal effect, eliminating the 
synergistic benefit of combined treatment. A previous retro‑
spective cohort study demonstrated that RT initiated within 
this interval was associated with a 1.8‑times higher risk of 
early local progression relative to intervals greater than or 
less than this threshold, with no notable difference in grade 
≥2 radiation toxicity between groups  (37). The observed 
plateau in mortality risk for intervals >102  days likely 
reflects clinical confounding. Patients requiring delayed RT 
beyond this point typically have rapidly progressive disease 
or severe local symptoms. In such cases, RT is delivered for 
palliative symptom control rather than with curative intent, 
leading to an inherently poor prognosis independent of 
timing. Although further mechanistic validation with longi‑
tudinal immune microenvironment profiling is warranted, 
this interval‑specific risk likely reflects the convergence 
of lost cell cycle‑mediated radiosensitivity and transient 
immunosuppression. Future studies establishing multi‑omic 
prediction models for optimal EGFR‑TKI‑RT interval will 
enable real‑time individualized treatment timing to improve 
patient outcomes.

In the present study, the EGFR exon 21 L858R point 
mutation was identified as an independent prognostic factor 
significantly associated with OS. This finding is consistent 
with the general understanding that patients harboring EGFR 
mutations exhibit enhanced sensitivity to EGFR‑TKIs (37), 
consequently leading to prolonged OS times compared with 
patients harboring wild‑type EGFR (38). However, within the 

spectrum of common activating mutations, exon 19 deletions 
are generally considered to confer a superior median OS time 
over the L858R mutation in the setting of first‑line EGFR‑TKI 
treatment  (39,40). This difference is typically mechanisti‑
cally ascribed to distinct structural alterations present within 
the EGFR‑TKI binding domain, which confer greater TKI 
sensitivity to the exon 19 deletion subtype (41,42). 

A notable discrepancy observed in the present cohort 
was the lack of a significant prognostic effect of the mutation 
subtype on PFS, despite the strong association with OS. This 
difference in outcomes (PFS vs. OS) may be attributable to the 
established association of the L858R subtype with high‑risk 
oncogenic features, such as a greater propensity for liver/brain 
metastases or concomitant TP53 co‑mutation (43,44), factors 
that are more robustly associated with compromised OS 
compared with initial PFS.

Furthermore, the mechanistic rationale for combining 
osimertinib with ionizing radiation (IR) is robust. In vitro 
evidence has shown that osimertinib can synergistically 
enhance the antitumor activity of IR by inhibiting cellular 
proliferation and clonal survival, reducing IR‑induced G2/M 
cell cycle arrest and delaying DNA damage repair in a concen‑
tration‑ and time‑dependent manner. This synergy is also 
mediated by effectively blocking the phosphorylation of EGFR 
(Tyr1068/Tyr1173) and key downstream signaling pathways, 
including AKT and ERK (45). The present study established a 
critical time threshold for the TKI‑TRT interval in the overall 
cohort. The observed differential impact of the L858R subtype 
on OS highlights the need for tailored strategies. Future 
large‑scale, prospective investigations are therefore warranted 
to explore the optimal TRT initiation timing specific to 
individual EGFR mutation subtypes, ensuring maximized 
long‑term clinical benefit.

The present study has several limitations. The retrospective 
design, single‑center and relatively small sample size introduce 
the potential for selection bias. Although the present findings 
strongly suggest an optimal treatment window, the definitive 

Figure 5. Survival outcomes according to treatment initiation time. (A) LPFS, (B) PFS and (C) OS curves for the early‑treatment group (<40 days), middle 
group (40‑102 days for LPFS; 40‑104 days for PFS and OS) and delayed‑treatment group (≥102 days for LPFS; ≥104 days for PFS and OS). Differences among 
the three groups were statistically significant for all endpoints (Log‑rank P<0.001). LPFS, local progression‑free survival; PFS, progression‑free survival; OS, 
overall survival.
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establishment of the ideal combination strategy necessitates 
rigorous validation through larger, prospective, multi‑center 
trials. Furthermore, despite multivariable adjustment, IPTW 
weighting and rigorous immortal time bias elimination, the 
present study remains susceptible to unmeasured confounding, 
among which tumor molecular heterogeneity is particularly 
relevant. The clonal heterogeneity of the T790M mutation 
and co‑existing gene mutations, such as those in TP53, can 
accelerate the development of osimertinib resistance (46). As 
such molecular profiles may prompt clinicians to initiate TRT 
earlier while independently worsening prognosis, they act as 
unmeasured confounders that could create a spurious asso‑
ciation of ‘benefits of early TRT’. Another potential source of 
unmeasured confounding is molecular residual disease (MRD) 
status, typically detected through circulating tumor DNA 
(ctDNA) sequencing. As MRD/ctDNA data were unavailable 
in the present retrospective cohort, adjustments could not be 
made for it. However, external evidence shows that patients 
with undetectable MRD have a superior prognosis (47). Such 
patients may be preferentially assigned to delayed TRT by 
their physicians. This would concentrate biologically favorable 
cases in the delayed‑TRT arm, artificially inflating its apparent 
survival benefit and biasing the estimated effect of TRT timing. 
In addition, differences in treatment regimens that patients 
receive subsequently can directly affect survival, which can 
in turn inversely influence clinician decisions regarding the 
timing of TRT (48). 

In summary, the interval between osimertinib initiation and 
TRT was an independent prognostic factor with a non‑linear 
association with clinical outcomes. TRT delivered within 40 
days was associated with optimal LPFS, PFS and OS. Between 
40 and 104 days, longer intervals correlated with progressively 
worse outcomes. Beyond 104  days, further delay did not 
significantly alter prognostic risk. These findings support the 
integration of TRT within 40 days of osimertinib initiation.
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