Gheck for
updates

Review Article

Narrative review of stereotactic body radiation therapy combined
with tyrosine kinase inhibitors for oligometastatic EGFR-mutated
non-small cell lung cancer: present and future developments

Xinchen Zhao', Shengwei Zhang', Xiaoyue Sun'’, Yao Lin"?, Luca Capone’, Eric C. Ko®, Benjamin H. Kann’*,
Yi Li’, Xiaoshan Wang’»

'School of Medicine, University of Electronic Science and Technology of China, Chengdu, China; ’Cancer Center, Sichuan Provincial People’s
Hospital, University of Electronic Science and Technology of China, Chengdu, China; ‘'UPMC Hillman Cancer Center, San Pietro, Rome, Italy;
*Department of Radiation Oncology, UMass Chan Medical School, Worcester, MA, USA; ‘Department of Radiation Oncology, Dana-Farber Cancer
Institute, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA; SArtificial Intelligence in Medicine (AIM) Program, Mass
General Brigham, Harvard Medical School, Boston, MA, USA; "Department of Breast Surgery, Sichuan Provincial People’s Hospital, University of
Electronic Science and Technology of China, Chengdu, China

Contributions: (I) Conception and design: X Wang, Y Li, X Zhao; (II) Administrative support: X Wang; (III) Provision of study materials or patients: X
Wang; (IV) Collection and assembly of data: X Zhao, S Zhang; (V) Data analysis and interpretation: X Zhao, X Sun, Y Lin; (VI) Manuscript writing:
All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Yi Li, MM. Department of Breast Surgery, Sichuan Provincial People’s Hospital, University of Electronic Science and Technology
of China, No. 32, West Section 2, First Ring Road, Chengdu 610072, China. Email: liyirx@med.uestc.edu.cn; Xiaoshan Wang, MD. Cancer Center,
Sichuan Provincial People’s Hospital, University of Electronic Science and Technology of China, No. 32, West Section 2, First Ring Road, Chengdu

610072, China. Email: wangxiaoshan@med.uestc.edu.cn.

Background and Objective: A significant number of individuals diagnosed with non-small cell lung
cancer (NSCLC) have distant metastases, and the concept of oligometastatic NSCLC has shown promise
in achieving a cure. Stereotactic body radiation therapy (SBRT) is currently considered a viable treatment
option for a limited number of tumor metastases. It has also been demonstrated that third-generation
tyrosine kinase inhibitors (TKIs) are effective in extending the survival of patients with epidermal growth
factor receptor (EGFR)-mutated NSCLC. Hence, the combination of SBRT with third-generation TKIs
holds the potential to enhance treatment efficacy in patients with oligometastatic EGFR-mutated NSCLC.
This review aimed to assess the possibility of combining SBRT with TKIs as an optimum treatment option
for patients with oligometastatic EGFR-mutated NSCLC.

Methods: We performed a narrative review by searching the PubMed, Web of Science, Elsevier and
Clinical Trials.gov databases for articles published in the English language from January 2009 to February
2024 and by reviewing the bibliographies of key references to identify important literature related to
combining SBRT with third-generation TKIs in oligometastatic EGFR-mutated NSCLC.

Key Content and Findings: This review aimed to assess the viability of combining SBRT and EGFR-
TKIs in oligometastatic EGFR-mutated NSCLC. Current clinical trials suggest that the combined therapies
have better progression free survival (PFS) when using SBRT as either concurrent with EGFR-TKIs or
consolidated with EGFR-TKIs. Furthermore, research with third-generation EGFR-TKIs and SBRT
combinations has demonstrated tolerable toxicity levels without significant additional adverse effects as
compared to prior therapies. However, further clinical trials are required to establish its effectiveness.
Conclusions: The combined approach of SBRT and TKIs can effectively impede the progression of
oligometastatic NSCLC in patients harboring EGFR mutations and, most notably, can prolong progression-
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free survival rates. However, the feasibility of combining SBRT with third-generation TKIs in clinical trials

remains unclear.
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Introduction
Background

With 11.4% of new cancer cases and 18% of new cancer-
related death being caused by lung cancer, it is now the
second most prevalent type of cancer in the world, posing
a serious threat to public health (1). The most prevalent
form of lung cancer, non-small cell lung cancer (NSCLC),
consists of adenocarcinoma, squamous cell carcinoma, and
other pathological forms. As a result of the absence of the
characteristic clinical symptoms of an early stage, between
35.4% and 38.8% of patients initially receive an advanced
diagnosis, which has a 5-year survival rate lower than 6% (2).

Rationale and knowledge gap

In the traditional treatment paradigm of metastatic NSCLC,
systemic therapy, such as chemotherapy, is frequently used
to treat systemic tumor dissemination. However, drug
resistance frequently arises shortly after treatment. In 1995,
a concept was proposed, termed the oligometastatic state,
that posited the existence of a state of limited metastatic
disease burden wherein local treatment is still beneficial
for patient survival (3). Local ablation has been shown to
effectively remove a small number of distinguishable lesions
in those with oligometastatic NSCLC, and this therapeutic
strategy has been linked to better patient survival and
prognosis (4). Stereotactic body radiation therapy (SBRT)
is an effective form of local therapy that can target tumors
with highly conformal radiation doses while minimizing
harm to the surrounding healthy tissues and cells (5).
Therefore, the accurate and efficient elimination of
metastatic lesions with the use of SBRT in the treatment
of oligometastatic NSCLC may better control overall
disease course (6). The prevalence of epidermal growth
factor receptor (EGFR) mutations ranges from between
5% and 10% in White patients in NSCLC and between
60% and 70% in never-smoking Asian patients with
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adenocarcinoma (7). Tyrosine kinase inhibitors (TKIs) have
been demonstrated to be more successful than platinum-
based chemotherapy in the treatment of patients with
NSCLC and EGFR mutations. Use of TKIs as the first-
line therapy in patients with EGFR mutations has greatly
improved disease control and survival for these patients (8,9).
Moreover, the ongoing development and enhancement of
TKIs have led to the emergence of third-generation EGFR-
TKIs, including osimertinib, almonertinib, vormetinib,
which are more highly selective for EGFR-mutated cells and
provide patients with advanced EGFR-mutated NSCLC
improved efficacy and therapeutic window than older TKIs
(8,10-12). As the origin and progression of tumors
has come to be better understood, personalized tumor
therapy tailored to individuals has steadily advanced and
proliferated. The introduction of oligometastasis and the
advancement of SBRT provide the opportunity for patients
with locally advanced disease or distant metastasis to achieve
long-term disease control and survival. Additionally, for
patients with EGFR sensitizing mutations, third-generation
TKIs provide significant increased progression free survival
(PFS). Hence, in the case of patients with oligometastatic,
limited tumor metastasis, or sensitizing EGFR mutations,
the combination of SBRT and TKIs has the potential to
yield enhanced treatment outcomes for these individuals.
As the use of SBRT in the setting of oligometastatic EGFR-
mutated NSCLC is becoming more common, we sought
to conduct a review of the current evidence investigating
SBRT and third-generation TKIs to better understand
the therapeutic efficacy and toxicities of this treatment
paradigm.

Objective

This review aimed to assess the possibility of combining
SBRT with TKIs as an optimum treatment option for
patients with oligometastatic EGFR-mutated NSCLC. We
present this article in accordance with the Narrative Review
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Iltem Specification

Date of search
Databases and other sources searched

Search terms used
therapy

Timeframe

Inclusion and exclusion criteria

October 1, 2023 to February 1, 2024
PubMed, Web of Science, Elsevier, and ClinicalTrials.gov

NSCLC, oligometastatic, advanced, EGFR, TKI, SBRT, SABR, RT, and local consolidative

From January 2009 to February 2024

Inclusion criteria: English-language articles; randomized controlled trials, prospective or

retrospective cohort studies, case reports or series, case-control studies and translational

preclinical studies

Exclusion criteria: non-English language articles; editorial comments, abstracts, conference
materials, review articles, guidelines, consensus statements, and study protocols

Selection process

Study selection and full-text articles were assessed by X.Z. and S.Z.

NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; SBRT, stereotactic body
radiation therapy; SABR, stereotactic ablative radiotherapy; RT, radiotherapy.

reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-414/rc).

Methods

We performed a search of the published literature in the
PubMed, Web of Science, Elsevier, and ClinicalTrials.
gov databases between October 1, 2023, and February
1, 2024 (Tuble 1). Search terms used included NSCLC,
oligometastatic, advanced, EGFR, TKI, SBRT, stereotactic
ablative radiotherapy (SABR), radiotherapy (RT), and local
consolidative therapy. We included only English-language
publications reporting original findings from randomized
controlled trials, prospective or retrospective cohort studies,
case reports or series, case-control studies, and translational
preclinical studies, in addition to relevant review articles.
Included articles were selected and assessed by X.Z. and S.Z.
of this work.

SBRT for oligometastatic NSCLC
Definition of oligometastatic NSCLC

Studies have indicated that tumor cells exhibit organ
specificity and must acquire specific features and abilities in
order to disseminate throughout the body. Consequently,
there exists an intermediate stage of tumor development
known as oligometastasis, characterized by a relatively
indolent state with several metastatic sites of disease, prior
to the occurrence of disseminated, or poly-metastases (3).
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This state can be considered a transitional phase between
locally advanced disease and subsequent widespread
metastasis. In this stage, the tumor cells lack the capacity
for extensive dissemination, and the emergence of a limited
number of metastases is attributable to the presence of
micrometastatic tumor cells that have infiltrated the blood
arteries and subsequently implanted into specific target
organs (2).

A universally accepted and dependable definition for
oligometastatic NSCLC remains lacking. The majority
of papers discussing suitable stage IV NSCLC commonly
indicate a range of 1 to 8 for defining the maximum number
of metastatic lesions. Among these articles, a prevailing
choice is to define the maximum number of metastatic
lesions as 5. However, the bulk of research in this field
does not provide a clear definition regarding the specific
quantity of metastatic sites inside the afflicted organs,
and only 27.8% of reported cases include mediastinal
lymph node involvement as the location of metastasis (13).
After thorough deliberation, the European Consensus
Conference on Thoracic Tumours ultimately reached a
consensus for the criteria of Synchronous oligometastatic
NSCLC (sOM NSCLC), which included the presence
of up to five metastatic lesions, with no more than
three lesions in each organ. It was also agreed upon
that mediastinal lymphadenopathy does not meet the
definition of oligometastasis. Additionally, cases with
diffuse serosal metastasis or bone marrow involvement were
excluded from the defined category of sOM NSCLC (14).
Guckenberger et al. further classified oligometastatic
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disease state based on the count of tumor metastases at
the initial diagnosis and the recurrence status following
therapy and outlined the following types: synchronous
oligometastatic disease, metachronous oligorecurrence,
metachronous oligoprogression, repeat oligorecurrence,
repeat oligopersistence, repeat oligoprogression, induced
oligorecurrence, induced oligopersistence, and induced
oligoprogression (15). If multimetastasis is not observed
throughout the diagnostic and treatment process, the
features of oligometastatic tumors may be considered
present, indicating a low degree of tumor metastasis.

The treatment of SBRT

SBRT is often used in the treatment of patients with
NSCLC diagnosed with oligometastasis or oligoprogression
due to its notable benefits, including accurate tumor
targeting, enhanced tumor ablation capabilities, and
favorable lung tolerance. Several prospective clinical trials
have demonstrated improved PFS and overall survival (OS)
when incorporating metastasis-directed therapy (MDT),
such as SBRT or surgery.

The findings from the Stereotactic Ablative Radiotherapy
for the Comprehensive Treatment of Oligometastases
(SABR-COMET) clinical trial demonstrated that the
application of SBRT as an initial treatment in conjunction
with standard therapy yielded superior PFS and OS
outcomes compared to standard therapy alone (16).
Furthermore, the incorporation of SBRT resulted in
a reduced incidence of adverse reactions of grade 3 or
higher while not significantly impinging upon the patients’
quality of life. Additionally, a clinical study has attested
to the significant benefits associated with SBRT as a local
consolidation therapy in oligometastatic NSCLC, especially
for extending PFS (17). SBRT has also shown the potential
to substantially delay tumor progression when used as a
local treatment prior to chemotherapy. Furthermore, in
the aforementioned clinical studies, SBRT did not result in
significant toxicity. Moreover, the randomized controlled
study by Tsai et a/. confirmed that SBRT is also suitable
for oligoprogressive NSCLC, leading to more than a four-
times increase in PFS compared with standard care (18).
In this study, only 16% of patients in the SBRT group had
grade 2 or worse toxicities related to SBRT. Hence, the use
of SBRT as a means of achieving local control presents a
favorable alternative for individuals diagnosed with both
oligometastatic and oligoprogressive NSCLC. However,
it is worth noting that these studies did not investigate the
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efficacy of combining TKIs and SBRT in patients with
EGFR mutations.

While there may be variability in the inclusion criteria
and dose fractionation protocols of SBRT for NSCLC
across various trial designs, it has been generally observed
that SBRT vyields favorable outcomes in terms of local
control (19,20). The National Comprehensive Cancer
Network (NCCN) guidelines of the United States have
provided a set of recommendations for the segmentation
design of thoracic SBRT (21). The treatment protocols for
small tumors (<2 cm) situated in the periphery and tumors
within 1 c¢m to the chest wall are 25-34 Gy/1 fraction,
45-60 Gy/3 fractions, 48-50 Gy/4 fractions, and
50-55 Gy/5 fractions. Meanwhile, the treatment protocols
for cancers situated in central regions are 48-50 Gy/4
fractions, 50-55 Gy/5 fractions, and 60-70 Gy/4-8
fractions. Furthermore, the Radiation Therapy Oncology
(RTOG) 0813 protocol offers a robust framework for
the administration of SBRT to tumors situated in central
locations (22). This is achieved by the implementation of a
five-point dose escalation strategy, starting at 10 Gy/fraction
and increasing by 0.5 Gy/fraction every second to third day
to 12 Gy/fraction, which is afterward assessed to be safe
and effective. Through systematic review, Mayinger et al.
recently recognized SBRT for lung oligometastases to be an
effective definitive treatment (23). It is evident that SBRT
is a strongly recommended local therapeutic modality for
patients diagnosed with pulmonary oligometastatic disease
and an indication for definitive local therapy. Furthermore,
the biologically equivalent dose (BED) was calculated using
the assumption that tumour and normal tissue alpha/beta
ratios were 10 Gy (BED10) and 3 Gy (BED3), respectively.
A research has shown that when utilizing appropriate
fractionation schedules in which the BED10 >100 Gy
and BED3 <210 Gy, local control exceeded 85% and the
risk of treatment-related mortality was less than 1% (24).
However, for metastases with an ultracentral location, the
doses may need to be reduced, particularly when targets are
overlapping with the esophagus and/or proximal bronchial
tree (25).

A comprehensive examination of 757 cases of
oligometastatic NSCLC treated with SBRT revealed that
many parameters were significantly associated with OS,
including performance status prior to treatment, maximum
diameter of metastatic lesions, histology of the main tumor,
number of metastases, diagnosis of the primary tumor
and the timing of using SBRT. Therefore, there are many
aspects that should be considered for better efficacy of
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SBRT therapy when clinical trials are being devised (26).

Third-generation TKis for NSCLC with EGFR
sensitizing mutations

Although the first and second generations of TKIs have
demonstrated favorable overall response rates (ORRs)
and PFS in patients with NSCLC and EGFR sensitizing
mutations, it is common for these patients to experience
acquired resistance (AR) within a period of around
9-12 months after the initiation of therapy. Drug resistance
may arise via many processes, including as a result of
additional EGFR mutations, the activation of alternative
signaling pathways, and histopathological change (8,27).
The development of the third generation of TKIs was
driven by an improved understanding of the resistance
mechanism of EGFR-TKIs. These TKIs demonstrate
notable efficacy against mutations in exon 19, exon 21, and
the T790M mutation. Specifically, they target the cysteine
797 residue within the adenosine triphosphate (ATP)-
binding site, forming a covalent bond and establishing
irreversible binding to the EGFR tyrosine kinase domain
in a specialized manner, thus exerting a heightened and
prolonged impact on the locations of EGFR mutations.
The T790M mutation is widely recognized as the
primary driver of resistance to EGFR-TKI therapy.
In response to this challenge, novel third-generation
TKIs, including osimertinib, almonertinib, vormetinib,
have been developed to specifically target the T790M
mutation. Consequently, these third-generation TKIs
have demonstrated remarkable efficacy in the treatment
of patients with NSCLC and EGFR sensitizing mutations
(28-30). When third-generation TKIs are administered
as first therapy, they effectively suppress the activity of
the EGFR mutation and mitigate the development of
drug resistance associated with the T790M mutation. For
example, the phase I AURA study and phase IIT FLAURA
trial investigated osimertinib as a first-line medication. The
final findings indicated that osimertinib treatment yielded
superior ORR and PFS outcomes compared to gefitinib
or afatinib when used as a first-line drug. Specifically,
osimertinib yielded an ORR ranging from 67% to 87% and
PFS durations ranging from 22.1 to 19.3 months, whereas
gefitinib and afatinib yielded an ORR of 80% to 76%
and PFS durations of 17.2 to 8.5 months. Furthermore,
the most frequently observed adverse events associated
with osimertinib administration included rash, diarrhea,
nausea, and loss of appetite. It is worth noting that the
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overall toxicity profile of osimertinib was not deemed to be
severe (8). The AENEAS phase III trial aimed to compare
the efficacy of almonertinib with that of first-generation
TKIs. In this trial, almonertinib demonstrated superior
outcomes compared to first-generation TKIs in terms of
both median PFS (19.3 vs. 9.9 months) and median duration
of response (18.1 vs. 8.3 months). Additionally, almonertinib
was associated with lower incidence rates of rash and
diarrhea when compared to first-generation TKIs (11). The
findings of phase III FURLONG trial demonstrated that
vormetinib had a superior PFS (20.8 months) compared
to first-generation TKIs (11.1 months). Furthermore, the
study did not observe significant adverse effects associated
with vormetinib administration. In addition, clinical trials
such as AURA3 and APOLLO have further confirmed
that the administration of third-generation TKIs as
second-line treatment can yield superior ORR and PFS
outcomes compared to conventional chemotherapy. This is
particularly evident in patients with NSCLC who exhibit
secondary EGFR mutations, notably the T790M mutation,
which is known to confer resistance to first- and second-
generation TKIs (31,32).

The occurrence of brain metastases (BMs) in patients
with NSCLC following therapy ranges from 25% to
30%. This incidence is particularly high in patients with
EGFR sensitizing mutations, with the mutation rate of
BMs reaching as high as 64.7% (33). In comparison to
the first and subsequent iterations of TKIs, the third-
generation TKIs exhibit an enhanced ability to traverse the
blood-brain barrier and to confer therapeutic efficacy in
the context of central nervous system metastases (34-36).
Hence, the introduction of third-generation TKIs presents
a more favorable option for individuals afflicted with BMs.

SBRT combined with TKIis for oligometastatic
NSCLC

Rationale for combination therapy

Based on the aforementioned information, it has been
shown that SBRT may be used for the localized irradiation
of oligometastatic NSCLC, which in turn can facilitate the
optimal eradication of tumor metastases thus prolonging
the life of patients. Additionally, for the treatment of
NSCLC with an EGFR sensitizing mutation, the use of
third-generation TKIs as the first therapeutic option might
successfully mitigate the development of drug resistance
associated with the T790M mutation, improving response
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rates and the PFS outcomes for this patient group. While
third-generation TKIs efficacy is high, durability of
response is variable, and resistance eventually occurs in most
patients. Therefore, the integration of SBRT with third-
generation TKIs as the first-line therapeutic approach for
those with oligometastatic and EGFR sensitizing mutations
has the potential to optimize tumor cell eradication and
effectively prolong disease control.

A preclinical study has demonstrated that the
combination of RT and TKIs can effectively suppress cell
proliferation, induce cell cycle redistribution, promote
apoptosis, and impair DNA damage response in Hela S3
cells. And the effect is attributed to the attenuation of
expression and function of homologous recombination
(HR) protein RADS51 by EGFR-TKIs (37). One the one
hand, the administration of EGFR-TKIs and RT leads to
the buildup of tumor cells in the G1 and G2-M phases,
respectively. As a consequence, there is a decrease in the
number of tumor cells in the S phase, ultimately impeding
the progression of tumor development. In contrast, the
combination of TKIs with RT has also demonstrated the
ability to not only facilitate a greater reduction in the
S phase fraction but to also trigger cellular apoptosis,
suppress EGFR autophosphorylation, and downregulate the
expression of RADS51 recombinase subsequent to radiation
exposure, resulting in enhanced radiosensitivity (38).
However, in comparison to concurrent chemoradiotherapy,
patients treated with combination TKIs and SBRT have
been reported to exhibit a higher incidence of grade 2
or worse radiation pneumonitis (39). This underscores
the crucial need for physicians to meticulously consider
the timing of radiotherapy. Consequently, as research
continues to progress, the integration of TKIs and RT will
garner wider recognition in the management of NSCLC,
particularly in patients with oligometastatic NSCLC with
visceral metastasis and BM.

Clinical trials on combination therapy

A number of studies have been conducted to investigate the
potential enhancement of survival rates via combination
of radiation and targeted treatments in patients diagnosed
with oligometastatic NSCLC (Tzble 2). Currently, the
combination of SBRT and TKIs therapy can be classified
into two distinct categories based on the timing of
irradiation (Figure 1). The first approach involves the
combination of EGFR-TKIs and concurrent SBRT, which
utilizes radiation to ablate the limited number of metastases
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prior to the administration TKI targeted therapy. The
second method involves the combination of EGFR-
TKIs and consolidation SBRT. This approach entails
initiating systemic therapy as the primary treatment and
then applying SBRT to stable lesions or those in remission
to consolidate the treatment. Systemic therapy is then
continued to conclude the treatment process.

The combination of EGFR-TKIs and concurrent SBRT
has been shown to effectively eliminate tumor lesions to the
greatest degree possible in a timely manner. This approach
aligns with the treatment plan for low metastatic tumor
states, hence mitigating the risk of tumor recurrence in the
initial lesion. Wang et al. conducted a phase III clinical trial
that examined the efficacy of combining first-generation
EGFR-TKIs with RT in the treatment of oligometastatic
EGFR-mutated NSCLC in 113 patients (40). In the RT
group, patients received a radiation regimen of 25-40 Gy/
5 fractdons prior to TKI treatment. The median PFS in the
group receiving TKI monotherapy was 12.5 months, but
in the group receiving a combination of TKIs and RT, the
median PFS was 20.2 months. Similarly, the median OS
in the TKI monotherapy group was 17.4 months, while it
was 25.5 months in the TKI-RT group. No grade 5 adverse
events (AEs) were observed in the TKI-RT group, and the
incidence of symptomatic grade 3—4 pneumonia was 6%. In
a phase II single-arm study conducted by Zheng et 4l., the
efficacy of combining EGFR-TKIs with chest radiation was
evaluated in the treatment of 10 patients diagnosed with
EGFR-mutated NSCLC (41). The study revealed that the
number of metastatic lesions detected did not exceed 10.
After the administration of EGFR-TXKIs, the patients
underwent thoracic RT at a dosage range of 54-60 Gy that
was administered with 27-30 fractions over a period of
5.5-6 weeks. Ultimately, the study observed a 1-year PFS
rate of 57.1%, a median PFS of 13 months, a median time
to progression of the irradiated lesion of 20.5 months, an
ORR of 50%, and a disease control rate (DCR) of 100%. In
addition, among the grade >3 AEs, radiation pneumonitis
had the highest incidence at 20%, followed by rash at 10%.

Furthermore, considering the risk of toxicity, it is still
important to carefully evaluate whether TKIs usage should
be interrupted during radiotherapy. Previous research has
demonstrated that the timing of TKIs usage does not result
in the incidence of pneumonitis during radiotherapy (49).
According to the review of previous clinical studies, the
incidence of grade >3 pneumonitis was 20% in the Zheng
et al’s trial with TKIs maintenance and 6% in the Wang
et al’s trial with TKIs interruption (40,41). Consequently,
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Therapy Study design Case Conditions Treatment Efficacy AEs Reference
EGFR-TKIs combined with Phase Il 133 Synchronous oligometastatic EGFR-mutated NSCLC Control group: EGFR-TKI (gefitinib, erlotinib, icotinib) mPFS 12.5 vs. 20.2 months (P<0.001); mOS 17.4 vs. 25.5 months Grade 3-4 pneumonitis 6% (40)
concurrent SBRT alone. Experimental group: EGFR-TKI + RT (25-40 Gy in  (P<0.001)
5 fractions), upfront RT before first-line EGFR-TKI
Phase Il 10 Stage IV NSCLC harboring EGFR activating EGFR-TKI (erlotinib 150 mg or gefitinib 250 mg per day), 1-year PFS rate 57.1%, mPFS 13 months, median time to progression Radiation pneumonitis (20%), rash (10%) 41)
mutations thoracic radiotherapy (54-60 Gy/27-30 fractions/5.5-6 of irradiated lesion 20.5 months, ORR 50%, DCR 100%
weeks)
Systemic therapy combined  Phase Il 62 Stage IV NSCLC with no more than 5 metastatic foci Control group: first-generation EGFR-TKIs alone. Study =~ mPFS 9.0 vs. 17.6 months (HR =0.52; 95% CI: 0.31-0.89; P=0.02); Grade 2 AEs: control group 45.2%, study group  (42)
with consolidative SBRT group: SBRT (30-50 Gy in 5 fractions) after EGFR-TKI mOS 23.2 vs. 33.6 months (HR =0.53; 95% CI: 0.30-0.95; P=0.03) 50%:; no grade 3 AEs
administration in patients who had achieved SD or PR
Phase Il 49 Oligometastatic NSCLC without progression after MT/O: maintenance treatment alone. LCT: radiotherapy =~ mPFS 3.9 months (95% Cl: 2.3-6.6) vs. 11.9 months (95% Cl: 5.7— Control group: fatigue (n=1), anemia (n=1); (19)
first-line systemic therapy with <3 metastatic lesions  or resection; chemotherapy 84%, TKI 16% 20.9) (HR =0.35; 95% ClI: 0.18-0.66; P=0.0054) experimental group: esophagitis (n=2), anemia
(n=1), pneumothorax (n=1), abdominal pain (n=1)
Phase Il 49 Oligometastatic NSCLC without progression after MT/O: maintenance treatment alone. LCT: radiotherapy mPFS 4.4 months (95% ClI: 2.2-8.3) vs. 14.2 months (95% ClI: No additional grade 3 or greater toxicities
first-line systemic therapy with <3 metastatic lesions  or resection; chemotherapy 84%, TKI 16% 7.4-23.1), P=0.02. mOS 17.0 months (95% CI: 10.1-39.8) vs.
41.2 months (95% CI: 18.9-not reached), P=0.02
Phase Il 47 Oligometastatic NSCLC without progression after Single-arm: SABR (45-60 Gy in 3-5 fractions). mPFS 34.3 months (95% Cl: 31.1-38.8) Pneumonitis: grade 1, 79.5%; grade 2, 12.8%; (43)
first-line systemic therapy with <5 metastatic lesions Consolidative therapy after front-line systemic therapy grade 3, 7.7%
(chemotherapy 61.7%, TKI 38.3%)
Retrospective 122 Older adult patients with oligometastatic EGFR- TKI alone group: TKI monotherapy. TKls + LCRT group: ~ mPFS 12 months (95% CI: 11.05-12.95) vs. 17 months (95% ClI: TKI + LCRT group: grade 1-2 pneumonia, 26%;  (44)
mutated NSCLC TKI combined with local consolidative radiation therapy ~ 15.37-18.63), P<0.001. mOS 29 months (95% ClI: 26.86-31.14) vs. grade 3, pneumonia 6%
38 months (95% ClI: 35.61-40.39), P<0.001
Retrospective 194 Synchronous oligometastatic NSCLC with <3 LCT: radiotherapy, surgical therapy, or other local ablative Comprehensive LCT (MST 29.2 months, 95% ClI: 25.2-42.3; 1-year NA (45)
metastatic lesions therapy 0S: 85.0%; 3-year OS: 42.7%; 5-year OS: 32.0%). All other patients
(MST 22.9 months: 95% CI: 16.2-35.1; 1-year OS: 72.2%; 3-year OS:
34.6%; 5-year OSL: 18.9%)
Retrospective 145 Synchronous oligometastatic EGFR-mutated NSCLC Consolidative LAT: all-LAT, part-LAT, non-LAT (surgery, mPFS in the all-LAT, part-LAT, and non-LAT groups of 20.6, 15.6, and  Grade =3 pneumonitis (7.7 %), esophagitis (46)
radiotherapy) 13.9 months, respectively (P<0.001). mOS in the all-LAT, part-LAT, and (16.9%)
non-LAT groups of 40.9, 34.1, and 30.8 months, respectively (P<0.001)
Retrospective 231 Oligometastatic EGFR-mutated lung adenocarcinoma Monotherapy group: EGFR-TKI alone. Combination mPFS 10 months (95% CI: 8.936-11.064) vs. 15 months (95% CI: NA 47)
group: EGFR-TKI + LCT (surgery, radiotherapy) 13.611-16.389) (HR =0.610; 95% CI: 0.461-0.807; P<0.001); mOS
21 months (95% CI: 18.445-23.555) vs. 34 months (95% Cl: 27.889-
40.111) (HR =0.593; 95% CI: 0.430-0.817; P=0.001)
Retrospective 40 Oligometastatic EGFR-mutated NSCLC SBRT with a median BED10 value of 102.7 Gy mOS 40 months (95% Cl: 32.562-47.438); 1-, 2-, and 3-year OS rates Grade 1-2: 36 (90.0%), Grade 3: 2 (5.0%), (48)

(94.5-113.5 Gy)

of 100.0%, 72.5%, and 62.5%, respectively; 1-, 2-, and 3-year PFS

rates of 65.0%, 10.0%, and 0%, respectively

CTCAE v. 5.0

SBRT, stereotactic radiation therapy; SABR, stereotactic ablative radiotherapy; NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; LCT, local consolidative therapy; LCRT, local consolidative radiation therapy; LAT, local ablative therapy; RT, radiation
therapy; MT/O, maintenance therapy or observation; mPFS, median progression-free survival; mOS, median overall survival; ORR, objective response rate; Cl, confidence interval; HR, hazard ratio; MST, median survival time; CTCAE, Common Terminology Criteria for Adverse Events; DCR, disease control
rate; SD, stable disease; PR, partial response; AEs, adverse events.
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Figure 1 The therapy of EGFR-TKIs combined with SBRT. SBRT, stereotactic radiation therapy; EGFR, epidermal growth factor

receptor; TKI, tyrosine kinase inhibitor.

more prospective experiments with larger sample sizes are
required to confirm the association between the incidence
of pneumonitis and the time of TKIs usage.

EGFR-TKIs combined with consolidation SBRT also
appear relatively safe. Peng er 4l’s phase II randomized
controlled trial of SBRT examined 62 patients with
oligometastatic EGFR-mutated NSCLC without
progression after EGFR-TKI treatment (42). The control
group was treated with EGFR-TKIs alone, while the
study group was additionally treated with SBRT after
three months. The median PFS of the control group and
the study group were 9.0 and 17.6 months [hazard ratio
=0.52; 95% confidence interval (CI): 0.31-0.89, P=0.02],
respectively, and the median OS was 23.2 and 33.6
months (hazard ratio =0.53, 95% CI: 0.30-0.95; P=0.03),
respectively. In addition, no grade >3 AEs occurred in either
group, and the incidence of grade 2 AEs was 45.2% and
50% in the control group and study group, respectively.

SBRT is also being used in several clinical trials as
consolidation treatment following systemic therapy,
which also includes targeted therapy and chemotherapy.
These clinical studies have also illustrated the promise of
systemic treatment in conjunction with local therapy for
oligometastatic NSCLC. Gomez et al. completed a phase
IT randomized controlled trial that examined the efficacy
of local consolidation treatment for 49 patients with
oligometastatic NSCLC who did not experience disease
progression after initial systemic therapy (19). EGFR
mutations were present in 12% of these patients. The
local consolidation therapy group adhered to a treatment
approach that included the continuation of systemic therapy
with further surgical procedures or radiation for suitable
lesions. In contrast, the maintenance therapy group only
received first-line systemic therapy until disease progression.

© Translational Lung Cancer Research. All rights reserved.

The median PFS in the maintenance and consolidation
groups was 4.4 months (95% CI: 2.2-8.3) and 14.2 months
(95% CI: 7.4-23.1), respectively (P=0.02); meanwhile,
the median OS was 17.0 months (95% CI: 10.1-39.8) and
41.2 months (95% CI: 18.9-not achieved) respectively
(P=0.02). Overall survival was shown to be considerably
improved in the consolidation therapy group, with no
observed occurrence of grade 3 or above toxicity. The study
by Blake-Cerda er a/. investigated the impact of SABR on
a cohort of 47 patients diagnosed with oligometastatic
NSCLC who showed no signs of disease progression after
first systemic treatment (43). And in the first systemic
treatment, 38.3% of the patients were treated with TKIs.
The administered dosage of radiation ranged from 45 to
60 Gy, which was delivered over a course of 3-5 fractions.
The median PFS was 34.3 months (95% CI: 31.1-38.8),
and the frequency of AEs associated with radiation
treatment, including pneumonia, was 79.5% for grade 1
AEs, 12.8% for grade 2 AEs, and 7.7% for grade 3 AEs.
Several retrospective trials have also examined the impact of
RT as consolidation therapy in individuals diagnosed with
oligometastatic NSCLC (44-48). The findings indicate that
compared to that of maintenance therapy alone, the efficacy
of SBRT as consolidation therapy is significantly enhanced,
while the incidence of radiotherapy-related adverse
reactions is not significantly increased.

Ongoing clinical trials of third-generation TKIs combined
with SBRT

Only a limited number of clinical trials and cases have been
reported related to the use of SBRT in combination with
third-generation TKIs as a first-line treatment. In contrast,
numerous retrospective experimental studies and clinical
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Table 3 Summary of the clinical trials on third-generation EGFR-TKIs combined with SBRT
. ) . " Study
Clinical trial Setting Cases Condition Treatment Measures )
completion

NCTO04908956 Phase Il 60 Oligo-metastatic Risk-adapted SBRT x up to 5 fractions, Pneumonia grade =2, 2023/3/26
EGFR-mutant NSCLC osimertinib 80 mg once daily PFS, RECIST v. 1.1

NCT05167851 Phase Il 68 Oligometastatic Lazertinib 240 mg once daily oral (PO); PFS, OS, distant PFS, 2023/12/25
EGFR-mutant NSCLC SBRT to oligometastatic sites ORR, DOR, CTCAE

NCT04764214 Phase Il 56 Oligometastatic Osimertinib 80 mg once daily; PFS, OS, 2023/12/31
EGFR-mutant NSCLC consolidative SBRT to all residual CTCAE v. 5.0

disease
NCT05583409 Not 72 EGFR-mutant NSCLC Received SBRT after 3 months of PFS, OS 2025/12/30
applicable with fewer than 5 osimertinib treatment; osimertinib

metastatic focus

80 mg once daily

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; SBRT, stereotactic radiation therapy; NSCLC, non-small cell
lung cancer; PFS, progression-free survival; RECIST, Response Evaluation Criteria in Solid Tumors; PO, per os; OS, overall survival;
ORR, objective response rate; DOR, duration of response; CTCAE, Common Terminology Criteria for Adverse Events.

trials have investigated the efficacy of third-generation TKIs
as second-line drugs for managing drug-resistant NSCLC
or their potential application in treating NSCLC with brain
metastases (50). In the context of assessing the feasibility
of integrating RT with osimertinib treatment, empirical
investigations have revealed the potential occurrence of
grade 3 or higher radiation pneumonitis and radiation
dermatitis, which can generally be managed, with patients
exhibiting a relatively favorable capacity to tolerate RT in
conjunction with osimertinib treatment (51). Furthermore,
a recent comparative trial comparing the effects of thoracic
irradiation with various generation EGFR-TKIs revealed
that the first-, second-, and third-generation EGFR-
TKIs groups had an overall incidence of clinical radiation
pneumonitis of 29%, 48%, and 28% (P=0.043), respectively.
Pneumonitis was less common when third-generation TKIs
and thoracic radiation were used together (52). Additionally,
Chen ez al.’s prospective single-arm study examined the
safety of consolidation SBRT at the maximal osimertinib
response through the assessment of five patients (53). They
reported no grade 3/4 acute or late radiation toxicity, thus
supporting the high tolerability of osimertinib and SBRT
used in combination.

The current body of experimental evidence does not
provide a definitive conclusion regarding the efficacy of
combining SBRT with third-generation TKIs for the
treatment of patients with oligometastatic NSCLC and
EGFR sensitizing mutations. However, ongoing clinical
trials are being conducted to investigate this treatment
approach, and the final results of these studies hold promise

© Translational Lung Cancer Research. All rights reserved.

for further insights into its effectiveness (Table 3).
Currently, no research has examined how combination
therapy works to treat oligometastases at various sites,
particularly brain metastases. Therefore, more research is
required to determine whether or not SBRT in conjunction
with third-generation TKIs is a more effective management
approach for brain metastases. Furthermore, a number
of studies did not implement high-dose ablative RT
for oligometastatic NSCLC patients, but still achieved
good local control rates (19,40). Therefore, additional
investigation is required to ascertain if the efficiency and
toxicity of the combination treatment are substantially
impacted by the SBRT dosage. Similarly, more research is
required to determine whether interrupting TKIs during
SBRT may reduce the risk of pneumonia. In the future,
it will be necessary to investigate if the first-line usage of
third-generation TKIs in conjunction with SBRT could
affect second-line management. Furthermore, additional
research on fourth-generation EGFR-TKIs may offer
promising therapeutic strategies to overcome mutant
EGFR-based TKI resistance (54,55). A clinical trial is
investigating the efficacy of fourth-generation TKIs in
patients with advanced EGFR-mutated NSCLC (56).

Conclusions

For individuals with oligometastatic EGFR-mutated
NSCLC, one suggested therapeutic approach involves the
combination of local therapy and systemic therapy that takes
into consideration the features of the tumor oligometastatic
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state and the commonly used treatment techniques for
metastatic NSCLC. The combination of SBRT and third-
generation TKIs can effectively impede the progression
of oligometastatic NSCLC in patients harboring EGFR
mutations and may also mitigate the emergence of
subsequent drug resistance mutations, ultimately leading
to prolonged PFS and OS rates in affected individuals.
The confirmation of the feasibility of combining SBRT
with third-generation TKIs in clinical trials is currently
pending, and we eagerly anticipate the publication of their
outcomes in the near future. In addition, further research
is still required to determine if combination therapy may
effectively treat oligometastases in various locations, if the
dosage of SBRT and the timing of TKIs usage could affect
the toxicity and effectiveness of combination therapy and
what is the optimal configuration for second-line therapy
following third-generation TKIs resistance.
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