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Abstract

Background: Stereotactic body radiation therapy (SBRT) in treating non-small-cell lung

cancer (NSCLC]) exhibits a remarkable therapeutic efficacy. However, its effectiveness in

overcoming resistance to epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-

TKIs) in patients with advanced EGFR mutations (EGFRm) NSCLC remains uncertain.

Objective: We aimed to analyze the effect of SBRT on patients with first-line EGFR-TKIs.

Design and methods: Eligible patients with advanced NSCLC initially diagnosed with EGFRm

were enrolled. Patients in the EGFR-TKIs group received only the first-generation EGFR-TKIs

until disease progression or death, while the others in the EGFR-TKIs + SBRT group received

EGFR-TKIs and early SBRT (dose of 40-60 Gy/5-8 F) targeting the primary lung tumor at
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Introduction

Lung cancer is a prevalent and highly fatal malig-
nant disease globally, with a significant incidence
and mortality rate.! Non-small-cell lung cancer
(NSCLC) constitutes around 80% of all lung
cancer cases, and epidermal growth factor recep-
tor (EGFR) mutations are identified in approxi-
mately 45%-55% of NSCLC cases within the
Chinese population.?2 Tyrosine kinase inhibitors
(TKIs) are considered the standard therapy for
advanced lung cancer patients with EGFR muta-
tions (EGFRm), which have been shown to
greatly enhance patient survival of TKIs. First-
generation targeted drugs, such as icotinib, erlo-
tinib, and gefitinib, have been shown to achieve
9-13 months of progression-free survival (PFS) in
advanced NSCLC patients with EGFRm.3 The
mechanisms of resistance to the first-generation
EGFR-TKIs are diverse and not yet fully under-
stood, including EGFR-dependent signaling
pathway mechanisms, EGFR-independent sign-
aling pathway mechanisms, and small-cell trans-
formation mechanisms, among which the EGFR
p-T790M mutation is the most common resist-
ance mechanism.*> The initial advancement in
locations where the disease originated (primary/
metastatic) was categorized as the original site
failure (OF), accounting for 50% of patients. The
increased diameter of the primary tumor in the
lung was more strongly associated with the inci-
dence of OF.% The lung was the most common
site of initial progression.”’8 Reducing the occur-
rence rate of OF and prolonging PFS of the first-
generation EGFR-TKI treatment in NSCLC is a
matter worthy of attention.

Stereotactic body radiation therapy (SBRT) plays
a crucial role in the treatment of NSCLC, owing
to its attributes of delivering high doses, minimal
segmentation, and exceptional precision. These
distinctive features contribute significantly to the
efficacy and impact of SBRT as a treatment
modality for NSCLC. Several studies have dem-
onstrated that in elderly patients with early-stage
lung cancer who decline surgery, the 5-year sur-
vival rate associated with SBRT treatment is
comparable to that of surgical interventions.
These findings suggest that SBRT can serve as a
viable alternative for patients who are unsuitable
for or refuse surgery, providing comparable long-
term survival outcomes.®!? ILocal treatment
improves survival in patients with oligoprogres-
sive and oligometastatic lung cancer, prolonging
PFS and OS compared to maintenance treat-
ment.!! In advanced EGFRm NSCLC, local

radiotherapy intervention can extend the PFS of
oligoprogressive  patients by approximately
6 months.!? In vitro and in vivo studies have
shown that radiotherapy can sensitize EGFR-
TKI treatment. Li et al.!? conducted a study that
revealed a statistically significant decrease in the
half maximal inhibitory concentration (IC50) of
TKIs therapy in NSCLC cell lines harboring
EGFR p. T790M mutation when combined with
radiation, compared to the cell lines without radi-
ation. These findings suggest that local radiother-
apy intervention has the potential to reduce TKI
resistance in these cell lines.

Therefore, this study was developed and aimed to
explore the clinical value of early SBRT com-
bined with EGFR-TKIs on primary lung tumors
in advanced EGFRm NSCLC patients.

Materials and methods

Study design and patient selection

This pilot observational study included a total of
39 patients enrolled in the registered clinical trial
phase II trial (registration number: ChiCTR-
OIN-17013920 and the date of registration date:
December 14, 2017). In addition, clinical infor-
mation from 145 advanced NSCLC patients har-
boring EGFRm, collected from our hospital
between August 2016 and December 2019, was
included in the analysis. The key eligibility crite-
ria for the study participants were as follows: (1)
age =18 and <85years; (2) histological diagnosis
of stage IIIB-IV NSCLC; (3) Eastern Cooperative
Oncology Group performance status of O or 1; (4)
harboring specific EGFRm (exon 21 p.LL858R or
exon 19 deletion); (5) patients with brain metas-
tases were eligible if they were asymptomatic or
completed treatment for brain metastases, such
as whole-brain radiation or stereotactic radiosur-
gery, at least 14 days prior to starting study treat-
ment; and (6) individuals who achieved partial
response (PR) or stable disease (SD) after
1-month EGFR-TKI treatment according to the
Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST vl1.1). Major exclusion cri-
teria included a history of previous thoracic radio-
therapy or prior TKI therapy, apart from the
study treatment. The first participant was enrolled
on August 24, 2016. The reporting of this study
followed the principles of the ESMO Guidance
for Reporting Oncology Real-World Evidence
(GROW). The research protocol received
approval from the Taizhou Hospital Ethics
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Committee. Individual consent for this retrospec-
tive analysis was waived.

Treatment

The patients in the study were divided into two
groups: the EGFR-TKIs treatment group and the
EGFR-TKIs combined with the SBRT (EGFR-
TKIs + SBRT) group. Patients in the EGFR-
TKIs group were administered a first-generation
EGFR-TKI (icotinib 125 mg orally three times a
day or gefitinib 250mg orally once daily) until
disease progression or death. This group was
exclusively treated with EGFR-TKIs.

In the EGFR-TKIs + SBRT group, SBRT was
initiated approximately 1 month after starting the
oral EGFR-TKI treatment until disease progres-
sion or death. The total radiation dose adminis-
tered during SBRT ranged from 40 to 60 Gy,
delivered in 5-8 fractions.

Assessment and endpoints

Tumor imaging was conducted at the beginning
of the study (baseline), 1 month after treatment
initiation, and then every 3 months afterward.
The assessment of tumor response was based on
RECIST vl.1 criteria.

According to RECIST vl.1 criteria, a PR was
defined as a reduction of at least 30% in the sum
of the longest diameter of the target lesions, as
measured by computed tomography, compared
to the baseline measurement. Progressive disease
(PD) was defined as an increase of at least 20% in
the sum of the maximum diameters of the target
lesions or the appearance of one or more new
lesions following treatment initiation. SD was
defined as a status that falls between PR and dis-
ease progression.

Pattern failure models, as described in Al-Halabi
et al.,® were classified as OF, including progres-
sion in initial primary or metastatic lesions, or
new site failure (NF). Simultaneous occurrence
of OF/NF was labeled as original and new site
failure (ONF).

Adverse effects (AEs) were monitored during
treatment and for a specified duration afterward.
AEs included nausea, vomiting, diarrhea, rash,
paronychia, increased liver enzymes, increased
creatinine, and radiation pneumonia. The sever-
ity of AEs was graded using the National Cancer

Institute Common Terminology Criteria for
Adverse Events version 5.0. Survival was assessed
every 4weeks during follow-up.

The primary endpoint of the study was PFS,
which measured the time from EGFR-TKI treat-
ment to either disease progression or death.
Secondary endpoints were pattern failure models,
AEs, and OS, which measured the time from the
initiation of EGFR-TKIs treatment to death.

Statistical analysis

All statistical analyses were conducted using the
Statistical Package for the Social Sciences version
20.0 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics, including median (minimum and maxi-
mum), were used to summarize the median age,
follow-up time, and interval time from EGFR-TKI
treatment to SBRT intervention. Kaplan—Meier
curves were employed to analyze the PFS and OS
rates. Differences between groups were evaluated
using the log-rank test. Hazard ratios (HRs) and
corresponding 95% confidence intervals (CIs)
were calculated. The univariate and multivariate
characteristics of PFS and OS were assessed using
a Cox proportional hazard model. A significance
level of p<<0.05 was used to determine statistical
significance, and all tests were two-sided.

Results

Patient characteristics

A total of 184 patients with advanced NSCLC
harboring EGFRm were included in this study,
including 145 patients in the EGFR-TKIs group
and 39 patients in the EGFR-TKIs+ SBRT
group. There were no significant differences in
clinical characteristics between the two groups
(Table 1, Figure 1).

Efficacy

The median follow-up times for EGFR-
TKIs + SBRT and EGFR-TKIs groups were
27.20 (6.17-61.23) and 25.37months (4.90-
69.57), respectively (p=0.21). The median time
on EGFR-TKI induction (prior to SBRT) was
1.27months (0.73-2.47). Before the radiother-
apy, the median lung primary tumor size is
2.28cm (0.76-5.32). The median PFS was
15.50 months in the EGFR-TKIs + SBRT group,
significantly longer than the 9.33 months in the
EGFR-TKIs group (HR=0.57, 95% CIL
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Table 1. Baseline characteristics of patients.
EGFR-TKI (N=145) EGFR-TKI + SBRT (N=39) p
Age (median, years) 66 (40-87) 66 (46-83) 0.73
Sex 0.49
Female 76 18
Man 69 21
Smoke history 0.28
No 79 25
Yes 66 14
ECOG PS 0.082
0 71 13
1 T4 26
Clinical stage 0.071
B-llC 10 7
1% 135 32
No of metastasis 0.71
0-5 26 8
>5 119 31
EGFR mutation type 0.64
L858R 73 18
19-del 72 21
Drug treatment 0.34
Icotinib 72 16
Gefitinib 73 23
Response before radiotherapy 0.21
SD 72 15
PR 73 24
Pulmonary metastasis 0.20
Yes 65 22
No 32 4
Brain metastasis 0.084
Yes 88 4
No 112 35
[Continued]
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Table 1. (Continued)

EGFR-TKI (N=145) EGFR-TKI + SBRT (N=39) ]
Bone metastasis 0.36
Yes 66 21
No 79 18
Adrenal metastasis 1.00
Yes 4 1
No 141 38
Liver metastasis 0.73
Yes M 4
No 134 85
Distant lymph node metastasis 0.53
Yes 10 1
No 135 38
Other metastasis 0.1
Yes 69 13
No 76 26

ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR-TKI, epidermal growth factor receptor tyrosine
kinase inhibitor; PR, partial response; SBRT, stereotactic body radiation therapy; SD, stable disease.

0.41-0.78, p=0.002). However, the median OS
did not show a significant difference between the
two groups (29.10 vs 26.33 months, HR=0.76,
95% CI: 0.51-1.14, p=0.22) (Figure 2).

In EGFR exon 21 p.LL858R subgroup, the median
PFS was 12.53months in the EGFR-
TKIs + SBRT group and 8.03months in the
EGFR-TKIs group (HR=0.66, 95% CI: 0.41—
1.05, p=0.11) (Figure 3(a)), and the median OS
was 22.54 versus 24.10months (HR=1.14, 95%
CI: 0.63-2.07, p=0.65) (Figure 3(b)). In EGFR
exon 19 deletion subgroup, the median PFS of
the EGFR-TKIs + SBRT group versus EGFR-
TKIs group was 16.33 versus 11.55months
(HR=0.51, 95% CI: 0.33-0.80, p=0.0087)
(Figure 3(c)), and the median OS was 49.70 ver-
sus 29.67months (HR=0.55, 95% CI: 0.31-
0.97, p=0.073) (Figure 3(d)).

For patients with fewer number of metastases (num-
ber of metastases: 0-5) in EGFR-TKIs + SBRT, the

median PFS was 31.94 versus 9.59months in the
EGFR-TKIs group (HR=0.26, 95% CI: 0.12-0.56,
$»=0.0059), while the median OS was undefined
versus 30.57months (HR=0.27, 95% CI: 0.10-
0.73, p=0.057) in the two groups (Figure 3(e) and
(). There was no significant difference in median
PFS or OS between the EGFR-TKIs group and the
EGFR-TKIs + SBRT group in terms of multiple
metastases (number of metastases: >5) (Figure 3(g)

and (h)).

Furthermore, the Cox regression multivariable
analysis (Tables Al and A2) showed that SBRT
was a significantly independent positive predictor
of better PFS, with an HR of 0.64 (95% CI:
0.43-0.94, p=0.021), instead of OS (HR of 0.87,
95% CI: 0.56-1.36, p=0.55). Oligometastatic
lesions were found to independently predict PFS
in advanced lung cancer patients. In addition,
EGFR exon 19 deletion was identified as an inde-
pendent predictive factor for both PFS and OS in
patients with advanced lung cancer.
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184 advanced NSCLC patients haboring EGFR
mutation in Taizhou Hospital

:

!

EGFR-TKI group:
143 patients received EGFR-
TKIs alone

EGFR-TKI+SBRT group:
30 patients recetved early SBRT
combined with EGFR-TKIs

ﬂ

|

!

Follow-up

Figure 1. Flow chart of patient enrollment.

EGFR, epidermal growth factor receptor; NSCLC, non-small-cell lung cancer; SBRT, stereotactic body radiation therapy;

TKI, tyrosine kinase inhibitor.
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Figure 2. Overall PFS (a) and OS (b) were compared by the Kaplan-Meier methods between patients who

underwent SBRT or not.

Cl, confidence interval; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; HR, hazard ratio; OS, overall
survival; PFS, progression-free survival; SBRT, stereotactic body radiation therapy.

Safety

AEs are summarized in Table 2. The addition of
thoracic SBRT to TKIs for advanced NSCLC
patients with EGFRm was well tolerated without
severe toxicities. There were no =grade 3 toxici-
ties in either cohort. The incidence of radiation
pneumonia was significantly increased in the
EGFR-TKIs + SBRT group compared to the
EGFR-TKIs group (89.74% vs 0%), but the inci-
dents were mainly of Grade 1-2. The most com-
mon AE was rash, and there was no difference
between the two groups in terms of rash, nausea
and vomiting, diarrhea, paronychia, elevated ami-
notransferase, or elevated creatinine (all p > 0.05).

Sites of initial failure and second genetic testing
As shown in Table 3, a total of 137 patients in the
EGFR-TKIs group had disease progression,
mainly in OF, and the initial progression patterns
of OF, NF, and ONF were 46.0%, 32.1%, and
21.9%, respectively. By contrast, a total of 35
patients in the EGFR-TKIs + SBRT group had
disease progression, mainly in NF, and the initial
progression patterns of OF, NF, and ONF were
14.3%, 57.1%, and 28.6%, respectively
(»p=0.002).

As shown in Figure Al, 53.10% (77/145) of
patients in the EGFR-TKIs group and 65.71%
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Figure 3. Subtype analysis of PFS and OS was compared by the Kaplan-Meier methods between patients who underwent SBRT

or not. SBRT. (a) PFS of patients with L858R mutation in EGFR-TKIs + SBRT group and EGFR-TKIs group. (b) OS of patients with
L858R mutation in EGFR-TKIs + SBRT group and EGFR-TKIs group. (c] PFS of patients with a 19-del mutation in EGFR-TKIs + SBRT
group and EGFR-TKIs group. (d) OS of patients with a 19-del mutation in EGFR-TKIs + SBRT group and EGFR-TKIs group. (e] PFS of
patients with fewer metastasis (0-5) in EGFR-TKIs + SBRT group and EGFR-TKIs group. (f] OS of patients with fewer metastasis (0-5)
in EGFR-TKIs + SBRT group and EGFR-TKIs group. (g] PFS of patients with multi-metastasis (>5] in EGFR-TKIs + SBRT group and
EGFR-TKIs group. (h) OS of patients with multi-metastasis (>5) in EGFR-TKIs + SBRT group and EGFR-TKIs group.

Cl, confidence interval; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; 0S, overall survival; PFS, progression-free survival;
SBRT, stereotactic body radiation therapy.
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Table 2. Adverse events.
Grade EGFR-TKI + SBRT (N=39) EGFR-TKI (N=145) p
1 2 3 4 5 AW/ % 1 2 3 4 5 AW/%
Radiation 27 8 0 0 0 35/89.74% 0 0 0 0 0 0/0% N/A
pneumonitis
Transaminase 13 8 0 0 0 21/53.85% 46 19 0 0 0 b4/6614L%  0.44
increased
Renal 1 0 0 0 0 1/2.56% 5 0 0 0 0 5/3.45% 1.00
insufficiency
Rash 14 2 0 0 0 16/61.03% 32 16 0 0 0 48/33.10%  0.16
Diarrhea 4 0 0 0 0 4/10.26% 10 2 0 0 0 12/8.28% 0.18
Paronychia g 2 0 0 0 5/12.82% " 5 0 0 0 16/11.03%  0.89
Nausea and 1 0 0 0 0 4/10.26% 5 0 0 0 0 5/3.45% 0.45
vomiting

EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; N/A, not applicable; SBRT, stereotactic body radiation therapy.

Table 3. Pattern of initial failure.

EGFR-TKI + SBRT (N=35) EGFR-TKI (N=137) P
OF 5/14.3% 63/46.0% 0.0020
ONF 10/28.6% 30/21.9%
NF 20/57.1% 44/32.1%

EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; NF, new site failure; OF, original site failure; ONF,
original and new site failure; SBRT, stereotactic body radiation therapy.

(23/35) of patients in the EGFR-TKIs + SBRT
group underwent secondary gene testing after the
initial progression (p =0.34). There were 66.23%
(51/77) versus 86.96% (20/23) patients with
EGFR p. T790 M positivity in the two groups
(»=0.068).

Discussion

This was a meaningful study to elucidate the
value of early SBRT in advanced NSCLC patients
harboring EGFRm with a relatively large sample
size. SBRT combined with EGFR-TKIs was
proven to prolong the median PFS with tolerated
side effects, especially for those with EGFR exon
19 deletion. Although this combination therapy
led to a significant increase in the incidence of
radiation pneumonitis in advanced EGFRm
NSCLC patients, as compared to EGFR-TKIs
alone, it is important to note that the majority of

AEs observed were of Grade 1-2 severity. OF was
mainly observed in EGFR-TKIs-treated NSCLC
while NF mainly occurred in the EGFR-
TKIs + SBRT group, suggesting the failure model
transfer.

The EGFR-TKIs + SBRT group demonstrated a
significantly longer median PFS compared to the
EGFR-TKIs group (15.50 vs 9.33months,
HR=0.57, p=0.0020). However, the inclusion of
early SBRT did not lead to improved median OS
in advanced NSCLC with EGFRm (29.10 vs
26.33 months, p=0.22). In line with our findings,
Wang et al.l* proved that EGFR-TKIs plus tho-
racic SBRT significantly extended PFS compared
with EGFR-TKIs monotherapy (19.4s vs
13.7months, p=0.034), while the impact on OS
has not been established yet (p=0.557). Another
recent real-world study demonstrated that admin-
istering SBRT to the primary tumor at the time of
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maximal response of EGFR-TKIs in certain
patients with EGFRm non-oligometastatic
NSCLC resulted in a significantly improved
median PFS1 compared to the delayed radiother-
apy (RT) group, where RT was administered at
the occurrence of oligoprogression (22.3 vs
12.9months, p=0.0031).1> However, there was
no significant difference in OS between these two
groups (46.6 vs 51.3months, p=0.54).

Recent studies have indicated that the addition of
local consolidation therapy along with SBRT may
enhance both PFS and OS in patients with oligo-
metastatic and  oligoprogressive = EGFRm
NSCLC.1617 Consistent with our results, sub-
group analysis revealed that in patients with fewer
metastases (0-5), superior PFS (31.94 vs
9.59months, p»=0.0059) and extended OS
(immature vs 30.57months, p=0.057) were
exhibited in the EGFR-TKIs+ SBRT group
compared with the EGFR-TKIs group. However,
in the multi-metastases group, SBRT interven-
tion did not have a significant impact on PFS or
OS (13.97 vs 9.33 months, p=0.10, and 27.90 vs
25.37months, p=0.97, respectively). Regarding
genetic analysis, in the subgroup with EGFR
exon 19 deletion, the EGFR-TKIs + SBRT group
showed superior PFS compared to the EGFR-
TKIs group (16.33 vs 11.55months, HR=0.51,
p»=0.0087), and there was a noticeable trend
toward improved OS in the EGFR-TKIs + SBRT
group, although the difference was not statisti-
cally significant (p=0.073). However, in the
EGFR exon p.LL858R mutation group, SBRT
administration did not improve either PFS or OS
compared to monotherapy treatment with TKIs.
Consistent with the results of previous studies,
this may be related to various factors, such as the
structural characteristics of EGFR exon p.LL.858R,
biological characteristics, and incorporation of
other mutations. Perhaps EGFR-TKIs combined
with chemotherapy (NEJ009!8) and EGFR-TKIs
combined with antiangiogenic agents (NEJ026!°
and CTONG15092%) may be better for those with
EGPFR exon p.LL858R. Based on this scenario, the
selected population who are more suitable for
upfront SBRT combined with EGFR-TKI treat-
ment still needs to be further explored and vali-
dated in larger and prospective clinical trials.

Previous studies have generated conflicting results
regarding the optimal site for local intervention
with SBRT in advanced EGFRm NSCLC
patients. While many studies have focused on
analyzing the effects of radiotherapy on

all oligometastases or all lesions in the lung, the
benefits of local intervention in the primary lesions
are undeniable. For instance, Peng et al.” reported
the results of radiotherapy combined with targeted
therapy in the EGFRm oligometastatic patients
treated with at least 3months of EGFR-TKIs.
The PFS of the combined therapy group and
EGFR-TKIs group were 17.4 and 8.9 months,
respectively (p=0.042), indicating a delay in tar-
geted resistance with the combined therapy.
Moreover, they found that the PFS was associated
with the radiation field, with the primary irradia-
tion group exhibiting a PFS of 21.8 months, the
metastatic irradiation group showing a PFS of
10.6 months, and the group receiving irradiation
for both the primary and metastatic lesions having
a PFS of 18.3months. This suggested that pri-
mary tumor irradiation significantly delayed tar-
geted resistance. Similarly, Xu et al.8 reported that
in the oligometastatic EGFRm NSCLC, superior
PFS and OS of all lesions treated with consolida-
tion therapy were observed compared with the
partial consolidation therapy or no consolidation
therapy group (p<<0.001), and consolidation
therapy for all lesions has the greatest survival
benefit on combination therapy. They also
observed that the OS in the primary tumor inter-
vention group and the primary tumor without
intervention group were 40.5 and 31.5months
(p<<0.001), respectively, indicating that the con-
solidation of the primary tumor had survival ben-
efits for patients. Encouragingly, our study
investigated the efficacy of SBRT specifically on
intrapulmonary primary tumors in patients with
advanced EGFRm NSCLC, and the results were
positive, suggesting a decrease in normal tissue
damage along with therapeutic benefits.

Meanwhile, this study also analyzed the pattern
of initial disease progression in patients with
advanced EGFRm NSCLC treated with SBRT
combined with EGFR-TKIs, and the results
showed that EGFR-TKIs combined with SBRT
significantly reduced the occurrence of primary
metastases (OF: 14.30% vs 46.0%) and had
more incidence of NF (57.1% vs 32.1%), dem-
onstrating that SBRT has a good ability of local
control. In addition, the second genetic testing
after initial progression showed that there was no
significant difference in EGFR p. T790M muta-
tion between EGFR-TKIs + SBRT treatment
and EGFR-TKIs monotherapy (86.96% vs
66.23%, p=0.068). SBRT in this study may pro-
long the PFS of patients with advanced EGFRm
NSCLC by reducing the resistance of primary
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lung tumors in the lung. However, Wang et al.l4
reported that the frequency of the EGFR
p-T790M mutation seemed to increase in patients
treated with TKIs and additional thoracic SBRT.
The underlying mechanism of SBRT combined
with EGFR-TKIs still needs to be explored, and
multiple groups of irradiation fields in prospective
studies should be established.

On the other hand, the optimal timing of radio-
therapy intervention during EGFR-TKI treatment
remains unclear. For brain oligometastasis, oncol-
ogist experts agreed that the earlier the SRS or sur-
gical local treatment, the better the prognosis of
symptomatic NSCLC patients. For intrapulmo-
nary lesions, many studies believe that the optimal
intervention time is at the time of maximum tumor
response, but the best tumor response time is often
difficult to determine. Therefore, more researchers
believe and propose that local intervention at the
beginning of TKI treatment or before the emer-
gence of drug resistance can not only eliminate
tumor heterogeneous clonal cells and reduce
tumor dissemination but also reduce radiation
damage to normal lung tissue by reducing tumor
burden. A retrospective analysis of 105 samples
showed that the tumor response appeared approxi-
mately 2months after EGFR-TKI treatment.?!
Wu et al.22 proposed that the average time of tumor
response was also approximately 7.4weeks.
Similarly, there were 24 cases of PR and 15 cases
of SD in the EGFR-TKIs+ SBRT group after
one-month administration of EGFR-TKIs, and
the median time between SBRT intervention and
targeted therapy was 1.27 months (0.73-2.74).

According to the theory of tumor clonal evolu-
tion, changes in the internal and external tumor
environment cause tumor cells sensitive to TKI
treatment to gradually die, and the residual clonal
tumor cells gradually increase in the main clonal
tumor cells, which results in TKI resistance.
Therefore, researchers propose that earlier local
intervention in advanced EGFRm patients before
the emergence of drug resistance in tumors may
delay the time of EGFR-TKIs resistance and
maximize the survival benefit of patients.?3:24
SBRT combined with EGFR-TKIs may not only
effectively exert local tumor control and prolong
PFS in patients with advanced NSCLC but also
reduce tumor burden and decrease normal tissue
damage in patients.2> However, a lack of prospec-
tive clinical evidence on the optimal time of early
SBRT local intervention in advanced EGFRm
NSCLC patients is an urgent problem. Zheng

et al. found that radiotherapy of all lung lesions
(all metastases <10) within 2weeks after oral
EGFR-TKIs has a good control effect on stage IV
NSCLC patients with EGFRm. PFS was approx-
imately 13months, and the toxicity and side
effects were well tolerated.?!

However, there were some shortcomings in this
study. First, this study was a single-center, unran-
domized study with a small number of patients,
particularly in the EGFR-TKIs + SBRT groups.
The results of this study will need to be verified
by a multicenter phase III prospective project
with a larger sample size. Second, this study
reported the initial progression pattern of thera-
pies but failed to analyze the related risk factors
for the failure pattern in depth. Finally, the effec-
tive intervention sites and optimal intervention
time of SBRT for delaying EGFR-TKI resistance
in advanced EGFRm NSCLC patients need to be
established as a multigroup control for further
exploration and verification.

Conclusion

In summary, the combination of early SBRT with
EGFR-TKI therapy has demonstrated feasibility
and safety in delaying EGFR-TKI resistance in
patients with advanced EGFRm NSCLC. In addi-
tion, this combined treatment approach has shown
the ability to change the failure pattern from OF
failure to NF failure, indicating a favorable local
control effect of SBRT. Future research focusing
on the role of SBRT in the context of osimertinib
treatment for advanced EGFRm NSCLC is war-
ranted. It is worth mentioning that a phase III clin-
ical trial (INCT03727867) has been developed by
our investigators to further investigate this area.

Declarations

Ethics approval and consent to participate

This study was reviewed and approved by the
Institutional Review Board, with the approval
number: 2017-05-01-01. All participants/patients
(or their proxies/legal guardians) provided
informed consent to participate in the study.

Consent for publication
Not applicable.

Author contributions

Hailing Xu: Data curation; Formal analysis;
Methodology; Writing — original draft; Writing —
review & editing.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

H Xu, R Qi et al.

Rongbin Qi: Formal analysis; Writing — original
draft; Writing — review & editing.

Chao Zhou: Formal analysis; Writing — original
draft; Writing — review & editing.

Yingying Yu: Formal analysis; Writing — original
draft; Writing — review & editing.

Ling Lin: Formal analysis; Writing — original
draft; Writing — review & editing.

Xiaomai Wu: Formal analysis; Writing — origi-
nal draft; Writing — review & editing.

Dongqing Lv: Conceptualization; Data cura-
tion; Methodology; Writing — original draft;
Writing — review & editing.

Acknowledgements

The authors sincerely thank the patients and their
families, investigators, all employees, and the
institution involved in this study.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported in part by the major project of a
research fund in Enze medical center (group)
(18EZZDA1), China, the Zhejiang medicine and
health plan project (2022KY445), and the
Zhejiang basic public welfare research program
project fund (LTGY23H010007).

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials

The data used to support the findings of this
study are included in the article. The data that
support the findings of this study are available
from the corresponding author, upon reasonable
request.

Prior presentation

Presented in part at the WCLC World Conference
on Lung Cancer 2018, Toronto, September 23—
26, 2018; and the WCLC World Conference on
Lung Cancer 2019, Barcelona, September 7-10,
2019.

ORCID iD
Dongqing Lv
8226-9596

https://orcid.org/0000-0001-

References

1.

10.

11.

Siegel RL, Miller KD, Fuchs HE, et al. Cancer
statistics, 2021. CA Cancer ¥ Clin 2021; 71(1):
7-33.

ShiY, Au JS, Thongprasert S, et al. A
prospective, molecular epidemiology study of
EGFR mutations in Asian patients with advanced
non-small-cell lung cancer of adenocarcinoma
histology (PIONEER). ¥ Thorac Oncol 2014;
9(2): 154-162.

Mitsudomi T, Morita S, Yatabe Y, et al.; West
Japan Oncology Group. Gefitinib versus cisplatin
plus docetaxel in patients with non-small-

cell lung cancer harbouring mutations of the
epidermal growth factor receptor (WJTOG3405):
an open label, randomised phase 3 trial. Lancet
Oncol 2010; 11(2): 121-128.

Yu HA, Riely GJ and Lovly CM. Therapeutic
strategies utilized in the setting of acquired
resistance to EGFR tyrosine kinase inhibitors.
Chlin Cancer Res 20145 20(23): 5898-5907.

Zhong WZ, Zhou Q and Wu YL. The resistance
mechanisms and treatment strategies for EGFR-
mutant advanced non-small-cell lung cancer.
Oncotarget 2017; 8(41): 71358-71370.

Al-Halabi H, Sayegh K, Digamurthy SR, et al.
Pattern of failure analysis in metastatic EGFR-
mutant lung cancer treated with tyrosine kinase
inhibitors to identify candidates for consolidation
stereotactic body radiation therapy. ¥ Thorac
Oncol 2015; 10(11): 1601-1607.

Peng P, Chen Y, Han G, et al. Concomitant
SBRT and EGFR-TKI versus EGFR-TKI alone
for oligometastatic NSCLC: a multicenter,
randomized phase II study. ¥ Thorac Oncol 2019;
14(10): S250-S251.

Xu Q, Zhou F, Liu H, et al. Consolidative local
ablative therapy improves the survival of patients
with synchronous oligometastatic NSCLC
harboring EGFR activating mutation treated
with first-line EGFR-TKIs. ¥ Thorac Oncol 2018;
13(9): 1383-1392.

Scotti V, Bruni A, Francolini G, et al.
Stereotactic ablative radiotherapy as an alternative
to lobectomy in patients with medically operable
stage I NSCLC: a retrospective, multicenter
analysis. Clin Lung Cancer 2019; 20(1): e53—e61.

Chang JY, Senan S, Paul MA, et al. Stereotactic
ablative radiotherapy versus lobectomy for
operable stage I non-small-cell lung cancer: a
pooled analysis of two randomised trials. Lancer
Oncol 2015; 16(6): 630-637.

Weichselbaum RR and Hellman S.
Oligometastases revisited. Nar Rev Clin Oncol
2011; 8(6): 378-382.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-8226-9596
https://orcid.org/0000-0001-8226-9596

THERAPEUTIC ADVANCES in

Volume 16

Visit Sage journals online
journals.sagepub.com/
home/tam

S Sagejournals

12.

13.

14.

15.

16.

17.

18.

19.

Weickhardt AJ, Scheier B, Burke JM, et al.

Local ablative therapy of oligoprogressive disease
prolongs disease control by tyrosine kinase
inhibitors in oncogene-addicted non-small-cell lung
cancer. J Thorac Oncol 2012; 7(12): 1807-1814.

LiJ, Wu X, Wang Z, et al. [Ionizing radiation
reduces TKI resistance caused by T790M
mutation in NSCLC cell lines]. Zhongguo Fei Ai
Za Zhi 2015; 18(8): 475-480.

Wang X, Zeng Z, Cai ], et al. Efficacy and
acquired resistance for EGFR-TKI plus thoracic
SBRT in patients with advanced EGFR-mutant
non-small-cell lung cancer: a propensity-matched
retrospective study. BMC Cancer 2021; 21(1): 482.

Wei H, Zhou X, Yang H, et al. Stereotactic

body radiotherapy to the primary lung lesion
improves the survival of the selected patients with
non-oligometastatic NSCLC harboring EGFR
activating mutation with first-line EGFR-TKIs:

a real-world study. ¥ Cancer Res Clin Oncol 2022;
148(10): 2589-2598.

Novak J, Salgia R, West H, et al. Ablative
radiotherapy as a strategy to overcome TKI
resistance in EGFR-mutated NSCLC. Cancers
(Basel) 2022; 14(16): 3983.

Liu B, Liu H, Ma Y, et al. EGFR-mutated stage
IV non-small cell lung cancer: what is the role of
radiotherapy combined with TKI? Cancer Med
2021; 10(18): 6167-6188.

Hosomi Y, Morita S, Sugawara S, et al.; North-
East Japan Study Group. Gefitinib alone versus
gefitinib plus chemotherapy for non-small-cell
lung cancer with mutated epidermal growth
factor receptor: NEJ009 study. ¥ Clin Oncol 2020;
38(2): 115-123.

Saito H, Fukuhara T, Furuya N, et al. Erlotinib
plus bevacizumab versus erlotinib alone in

20.

21.

22.

23.

24.

25.

patients with EGFR-positive advanced non-
squamous non-small-cell lung cancer (NEJ026):
interim analysis of an open-label, randomised,
multicentre, phase 3 trial. Lancet Oncol 2019;
20(5): 625-635.

Zhou Q, Xu C-R, Cheng Y, et al. Bevacizumab
plus erlotinib in Chinese patients with
untreated, EGFR-mutated, advanced NSCLC
(ARTEMIS-CTONG1509): a multicenter
phase 3 study. Cancer Cell 2021; 39(9):
1279-1291.e3.

Zheng L, Wang Y, Xu Z, et al. Concurrent
EGFR-TKI and thoracic radiotherapy as first-line
treatment for stage IV non-small cell lung cancer
harboring EGFR active mutations. Oncologist
2019; 24(8): 1031.e612.

Wu TH, Hsiue EH, Lee JH, et al. Best
response according to RECIST during first-
line EGFR-TKI treatment predicts survival in
EGFR mutation-positive non-small-cell lung
cancer patients. Clin Lung Cancer 2018; 19(3):
e361-e372.

Campo M, Al-Halabi H, Khandekar M, et al.
Integration of stereotactic body radiation therapy
with tyrosine kinase inhibitors in stage IV
oncogene-driven lung cancer. Oncologist 2016;
21(8): 964-973.

Franceschini D, De Rose F, Cozzi S, et al. The
use of radiation therapy for oligoprogressive/
oligopersistent oncogene-driven non small cell
lung cancer: state of the art. Crit Rev Oncol
Hematol 2020; 148: 102894.

Tang Y, Xia B, Xie R, et al. Timing in
combination with radiotherapy and patterns of
disease progression in non-small cell lung cancer
treated with EGFR-TKI. Lung Cancer 2020; 140:
65-70.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

H Xu, R Qi et al.
Appendix A
(@) P=0.34 Bl unrebiopsy (b) P=0.068 Il T790M negative
] . - I
1404 Il rebiopsy 80 B T790M postive
120
100+ 607
£ 801 £
2 £ 401
g o £
407 20
20
o_
EGFR-TKI EGFR-TKI+SBRT EGFR-TKI EGFR-TKI+SBRT
Group Group
Figure A1. Comparison of patients who underwent secondary gene testing or not (a) and detected T790M
mutation positive or negative (b) after the initial progression between EGFR-TKIs + SBRT group and EGFR-
TKls group.
EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; SBRT, stereotactic body radiation therapy.
Table A1. Univariate and multivariate analyses of factors associated with PFS.
Independent variable Univariate analysis Multivariate analysis
HR 95% CI p HR 95% CI P
Age (<66 vs =66) 1.33 0.98-1.79 0.066
Sex (female vs male) 0.89 0.66-1.20 0.45
Smoke [no vs yes]) 0.89 0.66-1.20 0.44
ECOG PS (0 vs 1) 1.19 0.88-1.61 0.26
Clinical stage (I1IB-11IC vs IV] 0.42 0.23-0.75 0.004 0.78 0.37-1.64  0.52
Brain metastasis (no vs yes) 1.20 0.83-1.74 0.34
No of metastasis (>5 vs 0-5) 0.57 0.38-0.85 0.006 0.58 0.35-0.96  0.033
EGFR mutation type (L858R vs 19-del] 0.60 0.44-0.81 0.001 0.57 0.43-0.78 0.0
Response before radiotherapy (SD vs PR]) 1.27 0.83-1.93 0.27
Drug treatment (icotinib vs gefitinib) 1.15 0.86-1.56 0.35
SBRT treatment (no vs yes) 0.56 0.38-0.81 0.002 0.64 0.43-0.94  0.021

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR-TKI, epidermal growth factor receptor tyrosine
kinase inhibitor; HR, hazard ratio; PFS, progression-free survival; PR, partial response; SBRT, stereotactic body radiation therapy; SD, stable
disease.
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Table A2. Univariate and multivariate analyses of factors associated with 0S.

Independent variable Univariate analysis Multivariate analysis

HR 95% ClI p HR 95% ClI P

Age (<66 vs =66) 1.04 0.74-1.46 0.83

Sex (female vs male) 1.16 0.82-1.64 0.40

Smoke [no vs yes) 1.1 0.79-1.57 0.56

ECOG PS (0 vs 1) 1.10 0.78-1.55 0.58

Clinical stage (I1IB-1lIC vs IV] 0.46 0.23-0.94 0.034 0.81 0.33-1.99 0.65

Brain metastasis (no vs yes) 0.89 0.57-1.38 0.60

No of metastasis (>5 vs 0-5) 0.61 0.38-0.99 0.045 0.59 0.32-1.09 0.089

EGFR mutation type (L858R vs 19-del] 0.61 0.43-0.86 0.005 0.60 0.42-0.85 0.004

Response before radiotherapy (SD vs PR] 1.05 0.66-1.68 0.82

Drug treatment (icotinib vs gefitinib) 0.92 0.65-1.29 0.62

SBRT treatment (no vs yes) 0.76 0.49-1.18 0.22 0.87 0.56-1.36 0.55

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR-TKI, epidermal growth factor receptor tyrosine
kinase inhibitor; HR, hazard ratio; OS, overall survival; PR, partial response; SBRT, stereotactic body radiation therapy; SD, stable disease.
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