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Abstract
Background Non-small cell lung cancer (NSCLC) patients receiving third-generation EGFR TKIs with thoracic 
radiotherapy (TRT) significantly prolong survival and also increase the incidence of radiation pneumonitis (RP). The 
aim of our study was to investigate the incidence and risk factors of RP in NSCLC patients receiving third-generation 
EGFR TKIs and TRT.

Patients and methods We retrospectively evaluated NSCLC patients who received both third-generation EGFR 
TKIs and TRT at the General Hospital of Ningxia Medical University from January 2023 to September 2024. RP was 
diagnosed by clinical symptoms on computed tomography (CT) scans and graded according to the Common 
Terminology Criteria for Adverse Events 5.0. Risk factors for RP were determined by univariate and multivariate logistic 
regression analysis.

Results Of the 42 patients included, 26 (61.9%) developed RP and 14 (33.3%) developed grade ≥ 2 RP. Grade ≥ 2 RP 
all occurred within 6 months of receiving TRT, and the median time from TRT to RP was 3.69 months (2–10 months). 
GTV ≥ 39 ml and total lung V20 ≥ 14.95% were found to be independent risk factors for RP development.

Conclusion The strategy of combining a third-generation TKI with TRT significantly increases the incidence of RP, and 
the risk of RP in these patients can be reduced by adjusting lung radiation dosimetry parameters. In NSCLC patients 
taking triple-generation TKIs with primary tumour progression, the timing and dose of TRT addition must be strictly 
controlled to optimise the therapeutic strategy and reduce the incidence of RP.
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Background
Non-small cell lung cancer (NSCLC) accounts for 
approximately 80–85% of lung cancers and is one of the 
major causes of cancer mortality in China [1]. With the 
increasing understanding of NSCLC, NSCLC treatment 
has entered the era of molecular therapy based on driver 
genes such as EGFR mutation, KRAS mutation, ROS1 
fusion, ALK fusion [2–3]. EGFR mutations, with exon 19 
deletions and exon 21 L858R point mutations accounting 
for 90%, are the most common driver gene mutations in 
Asian lung cancer patients [4].

Despite the significant prolongation of patient survival 
following treatment with first- and second-generation 
EGFR TKIs, resistance is inevitable at approximately 
8–14 months [5], with T790M mutations accounting for 
50% of the resistance mechanisms [6]. In response to 
T790 mutation resistance, in November 2018, the 2019 
edition of the National Comprehensive Cancer Network 
(NCCN) NSCLC guidelines identified third-generation 
EGFR TKIs, represented by osimertinib, as the first-line 
treatment option for EGFR-positive patients [7]. With 
the continued development of third-generation EGFR 
TKIs, the median progression-free survival (mPFS) of 
NSCLC patients has been extended to 9.6–12.4 months 
with a median Overall survival (OS) of 22.1–30.2 months 
[8–9]. However, tertiary EGFR mutations (C797S, L792, 
exon 20 insertion), activation of bypass pathways (MET 
and HER2/HER3 upregulation) and histological transfor-
mation-driven, the above mechanisms of acquired resis-
tance are still a challenge [10–17]. And further strategies 
combining chemotherapy, radiotherapy, MET inhibitors 
and immunotherapy are needed to address patient resis-
tance in practice. Considering that 41.25% of patients 
with EGFR-mutant NSCLC relapse at the primary site 
and have a high propensity to metastasise [18], and that 
triple-generation EGFR TKIs can improve radiosensitiv-
ity [19]. Previous studies have also shown that the addi-
tion of SBRT significantly postponed the occurrence of 
acquired resistance to EGFR TKIs and prolonged the PFS 
and OS of patients. Radiotherapy of the primary lesion 
alone might be more beneficial than that of metastatic 
sites [20].

Therefore, we often combine TRT with third-genera-
tion EGFR TKIs, but there are still many questions about 
the optimal timing, technique, dose and side effects of 
radiotherapy. Early clinical data showed that the combi-
nation of both may increase the incidence of RP [21–22]. 
In addition, a recent retrospective analysis by Zhu Hui 
et al. [23] showed that NSCLC patients receiving both 
aumolertinib and TRT had a 42.9% incidence of radia-
tion pneumonitis, with GTV ≥ 21 ml and ipsilateral lung 
V20 ≥ 25% as independent risk factors for the develop-
ment of RP. The incidence of clinical RP has not been 
effectively and fully evaluated as the combination of 

triple-generation TKIs with TRT has introduced new 
treatment strategies for NSCLC patients. Therefore, our 
study aimed to evaluate the incidence of RP in NSCLC 
patients treated with combined third-generation EGFR 
TKIs and TRT, and to investigate and analyse associated 
risk factors.

Patients and methods
Study design and patients
We retrospectively analysed NSCLC patients admitted 
to the General Hospital of Ningxia Medical University 
from January 2023 to September 2024. Inclusion criteria 
included (1) NSCLC patients with stage IIIb-IV NSCLC 
with EGFR gene mutation; (2) concurrently receiving 
triple-generation EGFR TKIs and TRT; (3) ECOG func-
tional status score of 0 or 1. Exclusion criteria included 
(1) prior history of chest radiotherapy; (2) prior combi-
nation of lung diseases; (3) prior treatment with immune 
checkpoint inhibitors; (4) concomitant administration 
of drugs that clearly have the ability to cause pulmonary 
fibrosis. Fifty-three patients with NSCLC were initially 
enrolled in this study, of whom eight were lost to follow-
up and three were unable to obtain lung radiation dosim-
etry parameters. Forty-two patients were finally included, 
including 3 patients with stage IIIb disease and 39 
patients with stage IV disease. There were 21 men and 21 
women. Four patients underwent surgery, including one 
patient who underwent surgery after neoadjuvant che-
motherapy. Concurrent therapy was defined as an EGFR 
triplet TKI overlapping with TRT for at least one day. The 
study was approved by the Ethical Review Committee of 
the General Hospital of Ningxia Medical University and 
was conducted in accordance with the Declaration of 
Helsinki.

Treatment protocol
All patients with NSCLC were treated with a third-gen-
eration EGFR TKIs as first or second-line treatment, 
including osimertinib 80  mg/d, aumolertinib 110  mg/d 
and furmonertinib 80  mg/d until intolerable serious 
adverse events occurred. The primary endpoint of this 
study was the occurrence of RP, Gross tumor volume 
(GTV) defined as the primary tumour visible on CT and 
planned target volume (PTV) defined as a homogeneous 
outgrowth of 0.8  cm above the GTV. Lung dose was 
defined as the volume of lung tissue that received radia-
tion at a dose greater than or equal to this dose as a per-
centage of the total lung tissue volume. The above lung 
radiation dosimetric parameters were extracted from the 
Dose-volume histogram (DVH) of the treatment plan-
ning system.
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Diagnosis of RP
The diagnosis of RP is based on history, clinical symp-
toms and imaging changes, and excludes factors such 
as primary tumour progression, lung infection, acute 
exacerbation of chronic obstructive pulmonary disease, 
and drug-induced pneumonia. The diagnosis was made 
jointly by two senior physicians, and in cases of disagree-
ment between the two physicians, the judgement was 
re-examined after discussion with a third physician. The 
severity of RP was graded according to the Common Ter-
minology Criteria for Adverse Events (CTCAE) 5.0 [24], 
as shown in Table 1.

Statistical analyses
Binary logistic regression analysis was used to explore 
the association between RP and factors, and categorical 
variables were entered directly into one-way regression 
analysis. For continuous variables, receiver operating 
characteristic (ROC) curves were plotted, and after con-
sidering specificity and sensitivity, the maximum Jordan 
index was used as the optimal cut-off value, which was 
transformed into categorical variables for one-way anal-
ysis. Finally, variables with significant effects in the uni-
variate analysis were included in the multivariate logistic 
regression analysis. P < 0.05 was considered a statistically 
significant difference. All data were analysed using SPSS 
27.0 medical statistical software.

Results
Patient characteristics
A total of 42 patients were enrolled from January 2023 
to September 2024, with the last follow-up in Janu-
ary 2025. There were 50% men and 50% women. There 
were 36 patients (85.7%) who were smokers, and the pri-
mary tumour was located in the lower lobe in 33.3% of 
patients. The median age was 58.5 years (range, 36–82 
years) and the median interval between TKIs and TRT 
was 10.5 months (range, 0–96 months). Baseline patient 
characteristics are shown in Table 2. 

Radiation details
Of the 42 patients, 19 patients (45.2%) received volu-
metric modulated arc therapy (VMAT). The same 19 
patients (45.2%) received intensity-modulated radiother-
apy (IMRT), while 3 patients (7.2%) and 1 patient (2.4%) 
received tomotherapy (TOMO) and three-dimensional 
conformal radiotherapy (3D-CRT), respectively. The 
median total dose was 50 Gy (range, 32–60 Gy), delivered 
in a median of 25 fractions (range, 6–30) with a median 
dose per fraction of 2  Gy (range, 2–8  Gy). The median 
GTV and PTV were 25.5  ml (range, 3.15-213.13  ml) 
and 149.83 ml (range, 1.74-460.52 ml), respectively. The 
median mean lung dose (MLD) was 8.46 Gy (range, 1.03–
13.67 Gy). As shown in Table 2.

Association between clinical characteristics and RP
Of the 42 NSCLC patients included, 26 patients (61.9%) 
developed RP, including 12 patients with grade 1 RP and 

Table 1 Grading criteria for radiation pneumonitis
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11 and 3 patients with grade 2 and 3 RP, respectively. Fig.  
1 shows a typical CT image of a patient who developed 
grade 3 RP, with RP occurring 2 months after radiother-
apy. The total dose of chest radiotherapy received by this 
patient was 50 Gy at 2 Gy in 25 fractions. The total mean 
lung dose (MLD) of 7.54 Gy on TRT, an ipsilateral lung 
V20 of 31.33%, and a total lung V20 of 12.42%. Univari-
ate analysis of all clinical factors was performed and as 
shown in the results in Table  3. There was no statisti-
cally significant difference between whether patients 
developed RP and factors including sex, age, BMI, smok-
ing history, primary tumor stage and location, type of 

third-generation EGFR TKIs, previous combined surgery 
and chemotherapy (P > 0.05).

Risk factors for ≥ grade 2 RP
The 14 NSCLC patients who developed grade ≥ 2 RP were 
all stage IV. Ten of them were female, and 2 patients had a 
history of smoking. We found that the median time from 
initiation of TRT to development of RP was 3.69 months 
(range, 2–10 months), and all patients with grade ≥ 2 RP 
developed RP within 6 months of receiving TRT. Con-
tinuous variables were transformed into categorical vari-
ables by assessing the predictive ability of continuous 

Table 2 Clinical baseline characteristics of 42 patients
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variables based on the area under the ROC curve (AUC) 
and calculating the optimal cut-off value based on the 
maximum Jordan index, as shown in Fig. 2.

The results of one-way logistic regression analyses of 
≥ 2 levels of RP are shown in Table 4 for GTV (OR 0.18; 
95% CI 0.03–0.98, P = 0.047), ipsilateral lung V15 (OR 
4.89; 95% CI 1.11–21.47, P = 0.036), V20 (OR 8.00; 95% CI 
1. 50-42.65, P = 0.015), V30 (OR 4.89; 95% CI 1.22–19.65, 
P = 0.025), and total lung V20 (OR 4.50; 95% CI 1.12–
18.13, P = 0.034) and V30 (OR 6.13; 95% CI 1.46–25.73, 
P = 0.013) were significantly associated with ≥ grade 2 RP.

Multifactorial analysis
Considering the variable covariance, GTV, ipsilateral 
lung V20 and total lung V20 were finally included in the 
multifactorial logistic regression analysis, and the results 
are shown in Table  5. GTV ≥ 39  ml (OR 0.96; 95% CI 
0.93–0.99, P = 0.029) and total lung V20 ≥ 14.95% (OR 
1.49; 95% CI 1.06–2.09, P = 0.022) were the independent 
risk factors for the occurrence of RP independent risk 
factors for the development of RP.

Discussion
The emergence of third-generation EGFR TKIs has over-
come resistance arising from the T790M mutation, the 
most common mutation in NSCLC patients with Asian 
EGFR gene mutations, and the therapeutic strategy of 
combining them with TRT has further improved mPFS 
and OS, but the combination of the two inevitably causes 
damage to normal lung tissue and increases the probabil-
ity of RP. Our study retrospectively analysed 42 NSCLC 
patients who combined a third-generation TKIs with 
TRT, and the results suggested that the probability of RP 
was as high as 61.9% (26/42), of which 33.3% (14/42) were 
patients with grade ≥ 2 RP. A previous study by Zhu Hui 
et al. [22] also suggested a particularly high probability 
of RP with osimertinib combined with TRT, analysing 11 
NSCLC patients, with 63.6% experiencing grade ≥ 2 RP 
and a high incidence of grade 3 and higher RP of 54.5%, 
but was not further analysed due to small sample size. 
This is the first study to report a particularly high inci-
dence of grade 2 and higher RP in patients treated with 
osimertinib in combination with TRT. This is an alarm-
ing phenomenon and a reminder of the need for caution 
when combining TRT in patients taking osimertinib. In 
addition to reporting the occurrence of high RP, our study 

Fig. 1 Representative images of one patient who experienced grade 3 RP after TRT. (a). Primary lesion. (b). Treatment plan. (c). Two months after radio-
therapy. (d). Dose distribution histogram of the GTV, PTV, total lung, right lung and left lung
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also identified independent risk factors associated with 
RP. These factors mainly included GTV, total lung V20, 
whereas gender, age, primary tumour stage and location, 
previous smoking, chemotherapy, PTV and other lung 
radiation dosimetric parameters could not be considered 
as independent risk factors for RP in our study.

Among the risk factors associated with RP, previous 
studies have shown that prior use of gemcitabine-con-
taining chemotherapy regimens, primary tumour located 
in the lower lobes of the lung, history of diabetes mellitus, 

history of smoking, GTV, V20 and MLD were associated 
[25–27], with history of smoking being a protective fac-
tor for the development of RP, which may be related to 
the fact that smoking causes damage to lung tissue and 
decreases sensitivity to radiotherapy [28]. The above fac-
tors could not be confirmed in our study, which may be 
related to the sample size and patient information. In our 
study, we performed a multifactorial analysis of the sta-
tistically significant factors in the univariate regression 
analysis, and the results suggested that GTV ≥ 39 ml and 

Table 3 Relationship between clinical features and RP
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Table 4 Univariate logistic regression analysis of the risk factors for grade ≥ 2 radiation pneumonitis

Fig. 2 Receiver operating characteristic curves of the lung dosimetry parameters for the prediction of radiation pneumonitis
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total lung V20 ≥ 14.95% were independent risk factors for 
RP. This is different from the study by Zhu Hui’s team 
on the risk factors for RP occurring with aumolertinib 
combined with TRT [23], in which GTV ≥ 21 ml was an 
independent predictor of RP. Although we have different 
values for GTV cut-offs, they all suggest that there is a 
non-negligible and important role of GTV in predicting 
RP, and further studies are needed to determine the spe-
cific dose range.

The incidence of RP increased significantly after the 
combination of TKIs and TRT, and the specific mecha-
nism is not yet clear. The pathogenesis of RP involves a 
combination of factors such as the overproduction of 
reactive oxygen species (ROS), the release of inflamma-
tory cytokines and mediators, the proliferation of fibro-
blasts and the deposition of extracellular matrix [29]. 
First, by targeting and inhibiting EGFR and its signalling 
pathway in lung cancer cells, TKIs inhibit tumour cell 
proliferation and growth. At the same time, it causes alve-
olar and bronchial epithelial damage and chronic inflam-
mation, both of which stimulate fibroblast migration, 
proliferation and extracellular matrix production, leading 
to lung fibrosis. On the other hand, it reduces Clara cell 
secretory protein (CCSP) and affects Clara cells, reduc-
ing the inhibitory effect on inflammatory factors and 
promoting the development of pneumonia [30]. Sec-
ondly, TKIs can act as sensitising agents for radiotherapy, 
and TKI-irradiated tissues are exposed to direct dam-
age including base deletions, DNA single- and double-
strand breaks [31]. On the other hand, indirect damage 
is caused by ROS activation. Finally, DNA damage and 
ROS activation together activate cell signalling factors 
and pathways, and damage-associated cytokines such as 
transforming growth factor-β, platelet-derived growth 
factor and interleukin are released from cells, recruiting 
more immune effector cells, accumulating lung tissue 
damage and promoting tissue remodelling. Triggered by 

cell adhesion molecules, immune cells like neutrophils 
and macrophages further release IL-3, IL-6, IL-7, TNF-α 
and so on, promoting the inflammatory response and 
ultimately leading to the development of RP.

Our study was limited by the characteristics of a retro-
spective study with missing data, resulting in a small final 
sample size for inclusion and a short follow-up period. 
Increasing the sample size allows better analysis of the 
relevant factors, while taking into account the covari-
ance effects of some factors to improve predictive perfor-
mance. Meanwhile, as many predictive factors as possible 
were found to further construct the prediction model. 
Although third-generation EGFR TKIs have been used 
as a first-line treatment option for NSCLC patients with 
EGFR gene mutations, significantly prolonging survival, 
and combined with TRT is currently a clinically recom-
mended treatment strategy, the increase in the incidence 
of RP suggests that further evaluation of the long-term 
clinical benefit of the combination strategy is still needed. 
Follow-up of this study is ongoing and the sample size 
continues to increase. In the future, we will carry out 
prospective studies to explore more new prediction fac-
tors (such as biological markers, TKI-TRT interval, TKI 
blood concentration, and other factors), and even incor-
porate dosimetry and imaging genomics to build predic-
tion models together to provide a better solution and 
reference value.

Conclusion
In conclusion, our study comprehensively reports a par-
ticularly high incidence of RP in patients with NSCLC 
treated with the combination of a third-generation EGFR 
TKIs and TRT. Independent predictors of the occurrence 
of RP were GTV and total lung V20. Despite the signifi-
cant increase in the incidence of RP, the strategy of com-
bination therapy significantly prolonged survival while 
the occurrence of RP was within acceptable limits. TRT 

Table 5 Multivariate logistic regression was used to analyze the risk factors of radiation pneumonitis
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is one of the important treatments for patients with tho-
racic progression, and the role of combination TRT ther-
apy should not be negated because of the incidence of RP. 
Therefore, future studies should continue to explore the 
appropriate timing and dose of combined TRT and the 
development of pulmonary radiation dosimetry param-
eters without compromising clinical efficacy.
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