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Abstract

Objective: To evaluate the efficacy and safety of EGFR-TKI with the radio-
therapy in EGFR mutant metastatic NSCLC. Methods: Retrospective analysis
of 72 patients with stage IV lung cancer with EGFR-sensitive mutation. Pa-
tients in the A group were treated with the first-generation EGFR-TKI (Ep-
idermal Growth Factor Receptor Tyrosine Kinase Inhibitor) combined with
radiotherapy for primary tumors (34 cases). The B group was treated with
the first-generation EGFR-TKI alone until the disease progressed (38 cases).
PFS, OS, pulmonary infection and hematological toxicity during treatment were
commented in both groups. Results: The objective remission rate was 47.1%
(16/34) in the A group and 21.1% (8/38) in the B group. There was a significant
difference between the two groups. There was no significant difference in he-
matological toxicity between the A group and the B group. There were 10 pa-
tients (29.4%) with degree II pulmonary infection in the A group and 3 patients
(7.9%) in the B group. The difference between the two groups was statistically
significant, suggesting that the incidence of pneumonia in the A group was higher
than that in the B group. The median PFS (Progression-Free Survival)) and
OS (Overall Survival) of the A group were significantly longer than those of
the B group (16.5 months vs 9 months) and the median OS (36 months vs 19
months). The PFS and OS in the A group were significantly longer than those
in the B group. Conclusion: EGFR-TKI combined with primary radiotherapy
can significantly prolong the drug resistance time of EGFR mutant metastatic
NSCLC.
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1. Introduction

Previous studies have shown that for patients with advanced non-small cell lung
cancer with EGFR gene-sensitive mutation, EGFR-TKI (including gefitinib, erlo-
tinib, etinib, etc.) is significantly superior to traditional chemotherapy in the treat-
ment of advanced NSCLC [1]-[10]. The progression-free survival of the patients
can reach 9.6 months to 13.1 months, and the adverse reactions of EGFR-TKI
treatment are even lighter. The patient has better tolerance. However, in clinical
work, we have observed that after 2 - 3 months of treatment with EGFR-TKI, the
primary tumor in the lung of most patients will not continue to shrink, to be stable
until the disease progresses. At this time, does the local radiotherapy of the pri-
mary lung tumor prolong the patient’s resistance time and strive for a longer sur-
vival period? A randomized controlled trial [11] in 2016 showed first-line treat-
ment for advanced lung cancer (including in patients who did not progress after
platinum-containing chemotherapy or EGFR-TKI/ALK-TKI treatment) combined
with local treatment (radical radiotherapy or surgery), the patient’s PSF was nearly
three times longer than simple maintenance therapy (11.9 months vs 3.9 months).
Blake-Cerda’s study [12] also showed that after first-line chemotherapy for pa-
tients with advanced lung cancer without an EGFR-TKI or ALK-TKI-sensitive
mutation, the combination of chemotherapy and stereotactic radiotherapy is bet-
ter than that of chemotherapy alone. Control time was extended from 3.5 months
to 9.7 months. The study by Li ef al [13] suggested that combination therapy is
mentioned as a new strategy to overcome or at least delay the emergence of ac-
quired resistance to third-generation EGFR TKIs in non-small cell lung cancer
(NSCLC), where radiotherapy can restore sensitivity to TKIs in resistant meta-
static disease and improve survival outcomes. In this study, patients who were ef-
fective after treatment with EGFR-TKI were selected to determine whether EGFR-
TKI combined with primary pulmonary radiotherapy could prolong the drug re-
sistance time compared with the simple EGFR-TKI treatment group and evaluate

its safety.

2. Materials and Methods
2.1. Patients

A retrospective study was conducted on 72 patients with stage IV EGFR-mutant
(19 exon deletion or 21 exon 1858 mutation) NSCLC who had diagnosis from Jan-
uary 2014 to December 2016 at First Affiliated Hospital of Yangtz University. All
patients with ECOG < 2 points, including combined radiotherapy group (34
cases) and simple targeted treatment group (38 cases). Among the 72 patients, 35
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were male and 37 were female. Age distribution ranges from 46 to 77 years, with
a median age of 65 years. Among the patients, there were 29 cases with a history
of smoking and 43 cases without a history of smoking. There were 40 patients with
exon 19 deletion mutations and 32 patients with exon 21 L858R mutations (Table
1).

Table 1. Distribution of smoking history and gene mutation types.

Smoking history Total number (N = 72)
Smoker 29
Non-smoker 43
Gene mutation types Total number (N = 72)
Exon 19 deletion 40
Exon 21 L858R mutation 32
2.2. Method

Patients treated with first-line TKI (One of the following: Erlotinib 150 mg/day,
Gefitinib 250 mg/day, or Alectinib 375 mg/day.) without progression followed by
primary tumor radiation were identified (TKI plus RT group). Patients who re-
ceived radiation at the time of progression were not included in the TKI plus RT
group. Conformal intensity modulation radiotherapy guided by CT image, body
network fixation, CT simulated localization, American Warian linear accelerator,
6MV-X line irradiation and primary lung tumor dose 50 - 66 Gy (2 Gy/times, 5
times per week) were used for radiotherapy. EGFR-TKI continued to be treated
by oral administration during radiotherapy until the disease progressed or there
were intolerable adverse reactions. The curative effect of radiotherapy was eval-
uated 1 month after radiotherapy. Patients with stage IV EGFR mutant NSCLC
treated with first-line TKI were identified (TKI-only group). TKI-only group
was treated with EGFR-TKI for one-month evaluation of efficacy and continued
oral EGFR-TKI treatment until disease progression or an intolerable adverse re-

action occurred.

2.3. Evaluation Criteria

Evaluation of therapeutic effect according to solid tumor efficacy evaluation criteria
(RECIST 1.1). Complete remission (CR) was defined as the disappearance of all
known lesions. Partial remission (PR) was defined as a decrease of 30% or greater
in the sum of the longest diameters of the target lesions from baseline. Stable dis-
ease (SD) was defined as an insufficient decrease in size in tumor to qualify for PR
or an insufficient increase in size to qualify for PD. Progressive disease (PD) was
defined as at least 20% increase in the sum of the longest diameters of the target
lesions or the appearance of new lesions.

1) Objective remission rate (ORR) = CR + PR/total number of cases x 100%, Dis-
ease control rate (DCR) = CR + PR + SD/total number of cases x 100%. 2) Adverse
reaction classification: According to the WHO classification criteria, (1) The
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hematological toxicity reaction is classified as follows: Grade 0 is WBC > 4.0 x
10°/L, Grade 1 is 3.0 - 3.9 x 10°/L, Grade 2 is 2.0 - 2.9 x 10°/L, Grade 3 is 1.0 - 1.9 x
10°/L, and Grade 4 is <1.0 x 10°/L. Grade 0 is platelet > 100 x 10°/L, Grade 1 is
75 - 99 x 10°/L, Grade 2 is 50 - 74 x 10°/L, Grade 3 is 25 - 49 x 10°/L, Grade 4 is
platelet < 25 x 10°/L. Grade 0 is Hb > 110 g/L, Grade 1 is 95 - 109 g/L, Grade 2
is 80 - 94 g/L, Grade 3 is 65 - 79 g/L, and Grade 4 is <65 g/L. (2) Classification of
pulmonary infections was based on the grading standard of radiation pneumonia
in the American Tumor Radiotherapy Cooperative Group and the European Tu-
mor Therapy Research Cooperation Group (RTOG/EORTC). Grade 0: no change;
Grade 1: mild dry cough or exertional dyspnea; Grade 2: sustained cough requires
an anesthetic antitussive, mild dyspnea, but no difficulty breathing at rest; Grade
3: severe cough There is no relief of narcotic antitussives, and there are clinical
manifestations or radiographic changes of acute pneumonia with dyspnea at rest.
Intermittent oxygen or hormonal therapy is required. Grade 4: severe dyspnea

requires continuous oxygen inhalation.

2.4. Observation Indicators

The adverse events of patients in TKI plus RT group and TKI-only group were rec-
orded. Evaluation of pulmonary CT in TKI plus RT group 1 month after radiother-
apy. CT was reviewed after 1 month of oral TKI in the TKI-only group. The PFS
and OS of the patients in the two groups were followed up. The deadline for fol-
low-up is January 31, 2019. The follow-up included physical examination, blood
routine, blood biochemical test, head MRI, chest and abdomen CT, systemic bone

scan.

2.5. Statistical Methods

The data were processed by SPSS 20.0 statistical software. Survival curves were
plotted using Kaplan-Meier survival analysis and compared by log-rank test. The
chi-square test was used to compare between groups. Relative risks (RRs) of death
were estimated using unvaried Cox proportional hazards model. In the current
analyses, a RR of 1.000 was set as a baseline for factors including age (<65 years),
Male, lack of smoking, Exon 19 deletion, T1 + T2, NO + N1 and treat with TKI
only. Progression-free time (PFS) refers to the period of time between the onset
of treatment to the onset of disease progression, or the death of any cause. Overall
survival (OS) was defined as the period from the date of the time from treatment
commencement of EGFR-TKI to the date of death. p < 0.05 was considered sta-
tistically significant.

3. Result
3.1. Efficacy Evaluation and Adverse Reactions
There were no statistically significant differences in age, gender, smoking history,

EGFR mutation, T-stage and N-stage between the TKI plus RT group and the TKI-
only group. Among the 34 patients in the TKI plus RT group, 16 patients (47.1%)
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had CR/PR, 17 patients (50%) had SD, and 1 patient (2.9%) had PD; the ORR was
47.1% (16/34). Among the 38 patients in the TKI-only group, 8 patients (21.1%)
had CR/PR, 24 patients (63.1%) had SD, and 6 patients (15.8%) had PD; the ORR
was 21.1% (8/38). The difference between the two groups was statistically signifi-
cant (p = 0.022) (Table 2).

There were 3 cases (8.8%) with no myelosuppression in 34 patients in the TKI
plus RT group, 14 cases (41.2%) with Grade 1 myelosuppression, and 13 cases
(38.2%) with Grade 2 myelosuppression; 4 patients (11.8%) with Grade 3 myelo-
suppression; 7 patients (18.4%) had no myelosuppression in 38 patients in the
TKI-only group, and 20 patients (52.6%) had Grade 1 myelosuppression. There were
10 cases (26.3%) with Grade 2 myelosuppression, and 1 case (2.6%) with Grade 3
myelosuppression; there was no significant difference between the two groups (p =
0.186) (Table 2).

Of the 34 patients in the TKI plus RT group, 8 (23.5%) had no pulmonary in-
fection, 16 (47.1%) had degree I pulmonary infection and 10 (29.4%) had degree
IT pulmonary infection, 22 (57.9%) had no pulmonary infection, Of the 38 patients
in the TKI-only group, 22 (57.9%) had no pulmonary infection, 13 (34.2%) had de-
gree I pulmonary infection and 3 (7.9%) had degree II pulmonary infection, There

was significant difference between the two groups (p < 0.005) (Table 2).

Table 2. Patients’ characteristics.

R + TKI (34) TKI (38)
Characteristics P
No. (%) No. (%)
Age (y)
<65 16 (47.1) 17 (44.7) 0.844
>65 18 (52.9) 21 (55.3)
Gender
Male 18 (52.9) 17 (44.7) 0.487
Female 16 (47.1) 21 (55.3)
Smoking status
No 20 (58.8) 23 (60.5) 0.883
Yes 14 (41.2) 15 (39.5)
EGFR mutation
Exon 19 deletion 20 (58.8) 20 (52.6) 0.598
Exon 21 L858R 14 (41.2) 18 (47.4)
T stage
T1-2 15 (44.1) 16 (42.1) 0.863
T3-4 19 (55.9) 22 (57.9)
N stage
NO-1 5(14.7) 6 (15.8) 0.898
N2-3 29 (85.3) 32 (84.2)
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Continued
Myelosuppression
0 3 (8.8) 7 (18.4)
1 14 (41.2) 20 (52.6) 0.186
2 13 (38.2) 10 (26.3)
3 4(11.8) 1(2.6)

Pulmonary infection

0 8 (23.5) 22 (57.9)
0.005

1 16 (47.1) 13 (34.2)

2 10 (29.4) 3(7.9)
Evaluation

CR/PR 16 (47.1) 8 (21.1)
0.022

SD 17 (50.0) 24 (63.1)

PD 1(2.9) 6 (15.8)

3.2. Survival Analysis

The median PFS of the patients in the TKI plus RT group was 16.5 months in
Table 2, and the median PFS of the patients in the TKI-only group was 9 months.
Combined with local radiotherapy, it extended the progression-free survival time
of 7.5 months. The difference was statistically significant. The median OS of the
patients in the TKI plus RT group was 36 months; the median OS of the patients
in the TKI-only group was 19 months, suggesting that combined radiotherapy can
significantly prolong the survival time of the patients, and the difference between
the two groups is statistically significant (Table 2).

The relative risk of death was compared using the Cox proportional hazards
model. From Figure 1, we can see that EGFR-TKI combined radiotherapy can sig-
nificantly reduce the risk of death in patients with EGFE mutation NSCLC com-
pared with radiotherapy alone, and the difference is statistically significant (p <
0.007). Higher T stage (T1/T2 vs T3/T4) suggests a relatively poor prognosis (p <
0.043). When the patient’s age, gender, smoking history, EGFR mutation type and
N stage were independent factors, there was no significant difference in the rela-
tive risk of death.

The results of this study indicate that combined radiotherapy significantly pro-
longs progression-free survival (PFS) and overall survival (OS) in patients with
EGFR-mutant advanced non-small cell lung cancer (Table 3), which is consistent
with the findings of Faehling et al This study pointed out that local treatment
after effective systemic therapy can significantly extend PFS (11.9 months com-
pared to 3.9 months) [14]. Additionally, a retrospective analysis by Yasir Elamin
also showed that patients with EGFR-TKI sensitive mutations who received tar-
geted therapy combined with local treatment had a PFS of up to 36 months, much
higher than the 14 months in the targeted therapy alone group [15]. These studies
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collectively support the importance of combined radiotherapy in delaying resistance

to targeted therapy.
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Figure 1. Comparison of combination therapy (R + TKI) and
single TKI therapy in progression-free and overall survival.

Table 3. Univariable analysis of covariables associated with OS.

Univariable analysis

Characteristics
HR 95%CI P
Age (y)
<65 1.00 0.681
>65 1.12 0.65-1.93
Gender
Male 1.00 0.969
Female 1.01 0.59 - 1.74
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Continued

Smoking status

No 1.00 0.748
Yes 1.10 0.63 - 1.89
EGFR mutation
Exon 19 deletion 1.00 0.929
Exon 21 L858R 0.97 0.55-1.73
T stage
T1-2 1.00 0.043
T3-4 1.78 1.02 - 3.11
N stage
No-1 1.00 0.500
N2-3 0.78 0.38 - 1.61
Treatment
TKI 1.00 0.007
R+ TKI 0.46 0.27 - 0.81

The findings of this study further validate the potential mechanisms of combin-
ing EGFR-TKI with radiotherapy, including that EGFR-TKI may enhance the ef-
fects of radiotherapy by causing cell cycle arrest and promoting tumor cell apop-
tosis, which aligns with existing literature on the theory of EGFR-TKI enhancing
radiotherapy sensitivity [16]. Therefore, this study not only provides new insights
into the treatment of advanced non-small cell lung cancer with EGFR mutations
but also lays the groundwork for future clinical trials, emphasizing the potential

value of combined treatment strategies in improving patient outcomes.

4. Discussion

Lung cancer is the leading malignant tumor in China in terms of both mortality and
incidence rate. Most patients are diagnosed at an advanced stage [17], losing the
chance for surgery. Historically, systemic chemotherapy was the primary treatment
for patients with advanced lung cancer. However, in the past decade, the discovery
of targeted genes has provided new hope for lung cancer patients. Clinically iden-
tified lung cancer driver genes include mutations such as EGFR, ALK, BRAF,
KRAS, and HER2. In Asian lung adenocarcinoma patients, 87% have detectable
known driver genes, and 66% of these driver genes have explicit targeted inhibi-
tors [18]. The EGFR gene was the first lung cancer driver gene to be systematically
studied, with a mutation probability of about 50% among Asian lung adenocarci-
noma patients [19]. First-generation EGFR-TKIs include gefitinib, erlotinib, and
icotinib, with multiple clinical studies (IPASS, WJTOG 3405, NEJ002, OPTIMAL,
First-SIGNAL, EURTAC, ENSURE) showing that first-line EGFR-TKI treatment

significantly outperforms traditional chemotherapy, with progression-free survival
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(PFS) ranging from 9.6 months to 13.1 months and milder adverse reactions. The
CTONG0901, ICOGEN, and WJOG5108L studies compared the efficacies of three
first-generation EGFR-TKIs, showing comparable efficacy among patients with
EGFR mutation-positive lung cancer in first-line treatment. After about 10 months
of first-generation EGFR-TKI treatment, patients often develop acquired resistance,
with T790M as a major molecular mechanism. Second-generation EGFR-TKIs have
limited effectiveness in overcoming T790M resistance, leading to the emergence
of third-generation EGFR-TKIs such as osimertinib (Osimeritinib, AZD9291),
CO-1686, and HM61713, among which osimertinib is currently the only FDA-
approved third-generation EGFR-TKI. The FLAURA study shows that osimer-
tinib significantly extends median PFS to 18.9 months compared to standard first-
line therap [20]. Osimertinib can cross the blood-brain barrier, providing better
treatment for patients with brain metastases. However, resistance to third-gener-
ation EGFR-TKIs remains inevitable over time, making prolonging resistance time
a focal point of clinical research. This study mainly compares the PFS, OS, and
adverse reactions of patients effective on first-generation EGFR-TKI treated with
primary tumor local radiotherapy versus simple targeted maintenance, aiming to
determine whether the combination radiotherapy group can significantly extend
the resistance time of targeted therapy compared to the simple EGFR-TKI treat-
ment group and assess its safety.

As early as 2006, Das et al. conducted foundational research on the radiosensi-
tivity of non-small cell lung cancer cells with EGFR mutations. The study showed
that EGFR-mutant cell lines, including T790M mutations resistant to first-gener-
ation EGFR-TKIs, are sensitive to radiotherapy, whereas wild-type cells resist it,
suggesting a radiosensitizing effect of EGFR-TKIs. The mechanisms mainly in-
clude: 1) EGFR-TKIs can cause cell cycle arrest, increasing the proportion of tu-
mor cells in the radiation-sensitive GO/G1 phase, thereby enhancing radiosensi-
tivity [21] [22]; 2) EGFR-TKIs promote tumor cell apoptosis, reducing tumor bur-
den while inhibiting radiation-induced EGFR autophosphorylation and blocking
downstream EGEFR signaling pathways, thus reducing radiation resistance [22]-[24];
3) EGFR-TKIs inhibit DNA double-strand break repair, particularly the early stages
of this process, hindering the repair of radiation damage [25]-[27]; 4) Several pre-
clinical studies show that EGFR-TKIs promote vascular normalization, improving
hypoxic conditions and further increasing radiotherapy sensitivity [28] [29]. In
summary, radiation directly targets local lesions treated with EGFR-TKIs, killing
tumor cells and shrinking local lesions. Meanwhile, EGFR-TKIs increase sensitiv-
ity and effectiveness of local tumor radiotherapy, maintaining effective control over
other systemic lesions.

The clinical study by Lemine Sow et al shows that, for patients with advanced
non-small cell lung cancer with distant metastasis who responded to systemic
treatments (chemotherapy or EGFR-TKI/ALK-TKI), combining local treatment
modalities, such as local radiotherapy or surgery, with systemic therapy signifi-

cantly extends PFS (11.9 months vs 3.9 months) [30] compared to maintenance
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chemotherapy or targeted therapy alone. A retrospective analysis reported by Ya-
sir Elamin found that in 12 patients with sensitivity to EGFR-TKIs who received
targeted therapy followed by local treatments (11 received radiation therapy and
1 underwent surgery), the PFS reached 36 months, significantly higher than the
14 months in the targeted therapy alone group, with a statistically significant
difference. Ma et al’s research [31] further shows that median PFS for the com-
pletely loco-regionally treated group, partially loco-regionally treated group,
and untreated group after targeted therapy were 20.6 months, 15.6 months, and
13.9 months, respectively, with median OS being 40.9 months, 34.1 months, and
30.8 months (p < 0.001). The completely treated group’s median PFS and OS
were extended by 6.7 months and 10.1 months [32] respectively, compared to
the untreated group. Although these studies highlight the significance of com-
bining local radiotherapy in delaying resistance to targeted therapy in advanced
lung cancer, limitations include small sample sizes, unclear EGFR mutation sta-
tuses, lack of intergroup comparisons, or lack of pre-and post-treatment com-
parisons.

The results of this study show that the objective response rate in the combined
radiotherapy group was 47.1%, significantly higher than the 21.1% in the targeted
therapy alone group. Additionally, the median progression-free survival (PES) in
the combined radiotherapy group was 16.5 months, significantly greater than the
9 months in the targeted therapy alone group. Meanwhile, the median overall sur-
vival (OS) in the combined radiotherapy group was 36 months, significantly higher
than the 19 months in the targeted therapy alone group. These results indicate that
combined radiotherapy not only effectively increases the response rate in patients
but also significantly prolongs survival time, with all comparisons showing statis-
tical significance (p < 0.05). However, the incidence of Grade 2 pulmonary infec-
tions in the combined radiotherapy group was 29.4%, significantly higher than the
7.9% in the targeted therapy alone group, suggesting that combined treatment may
increase the risk of pulmonary infections. Overall, these findings are consistent
with existing literature and further support the important role of combined treat-
ment strategies in improving the prognosis of patients with EGFR-mutant advanced
non-small cell lung cancer, while also highlighting the need to pay attention to

potential adverse reactions.

5. Conclusion

In conclusion, this study analyzed the efficacy and safety of local radiotherapy in
combination with EGFR-TKI therapy for patients with advanced non-small cell
lung cancer with effective EGFR-TKI treatment, compared to EGFR-TKI therapy
alone. The addition of local radiotherapy significantly prolongs disease progres-
sion time, extends survival, and reduces tumor mortality risk. This study also pro-
vides theoretical conditions for subsequent clinical trials concerning radiotherapy
combined with EGFR-TKIs. However, due to the limited sample size of this study,

further research with larger sample sizes or authoritative prospective studies is
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needed to validate the choice of timing for radiotherapy intervention and its safety.
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