
ONCOLOGY REPORTS  52:  96,  2024

Abstract. Immunotherapy, particularly immune checkpoint 
inhibitors (ICIs), is undoubtedly one of the major breakthroughs in 
lung cancer research. Patient survival and prognosis have all been 
improved as a result, although numerous patients do not respond to 
immunotherapy due to various immune escape mechanisms of the 
tumor cells. Recent preclinical and clinical evidence has shown that 
stereotactic body radiotherapy (SBRT), also known as stereotactic 
ablative radiotherapy, has a prominent immune priming effect that 
could elicit antitumor immunity against specific tumor antigens 

and destroy distant tumor cells, thereby achieving the elusive 
abscopal effect, with the resulting immuno‑active tumor environ‑
ment also being more conducive to ICIs. Some landmark trials 
have already demonstrated the survival benefit of the dynamic 
duo of SBRT plus immunotherapy in metastatic non‑small‑cell 
lung cancer, while others such as PEMBRO‑RT further suggest 
that the addition of SBRT to immunotherapy could expand the 
current indication to those who have historically responded poorly 
to ICIs. In the present review, the biological mechanisms that 
drive the synergistic effect of SBRT and immunotherapy were 
first briefly outlined; then, the current understanding from clinical 
trials was summarized and new insight into the evolving role of 
immunotherapy and SBRT synergy in lung cancer treatment was 
provided. Finally, novel avenues for discovery were highlighted. 
The innovation of the present review lies in the inclusion of 
non‑ICI immunotherapy in the discussion, which provides a more 
comprehensive view on the current development and future trend 
of SBRT + immunotherapy synergy.
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1. Introduction

Despite great strides in cancer treatment over the past decade, 
lung cancer remains the leading cause of cancer‑associated 
death worldwide (1). There are two main types of lung cancer: 
Non‑small‑cell lung cancer (NSCLC) and SCLC, each with a 
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distinct prognosis. If discovered early, both lung cancer types 
can be treated with aggressive local therapies; however, once 
progressed to advanced stages, the prognoses are usually poor. 
Over the past decade, advances in targeted therapies, immu‑
notherapies and radiotherapy (RT) have improved patient 
survival, bringing hope to those with advanced lung cancer. 
Among these novel therapeutic strategies is the multimodality 
treatment of stereotactic body RT (SBRT) plus immunotherapy.

RT has long been a traditional means of treatment for 
cancer, depositing intense physical energy of ionizing radiation 
to rapidly growing cancer cells, thereby creating free radicals 
that induce DNA damage and subsequent cancer cell death (2). 
SBRT, also known as stereotactic ablative RT (SABR), is an 
extension of stereotactic radiosurgery (SRS) and stereotactic RT. 
The treatment is based on the use of an external 3‑dimensional 
reference system (stereotactic system) for accurate localization 
of the target, as well as for directing the RT. It has been shown 
that in addition to DNA damage, SBRT is also able to prime the 
immune system for antitumor activity, which augments patient 
response to subsequently administered immunotherapy (3). This 
discovery has important implications, as numerous patients with 
lung cancer do not respond to immunotherapy alone. As one of 
the hottest areas in lung cancer research, a tremendous amount 
of preclinical and clinical studies has been published (4‑14), 
although much more remains to be clarified and explored. The 
current study provided a review of the literature and summa‑
rized recent advances in SBRT + immunotherapy synergy in 
lung cancer treatment (Fig. 1).

The current review provides the following advance in 
knowledge. At the time of the writing of this manuscript, 
most clinical research on SBRT and immunotherapy synergy 
focused on immune checkpoint inhibitor (ICI) immunotherapy. 
As such, there have been numerous excellent reviews on SBRT 
with ICI immunotherapy (15‑22). However, discussions around 
SBRT and non‑ICI immunotherapy synergy have been lacking. 
Since entering the era of precision medicine, numerous excel‑
lent works in the preclinical phase have been published, which 
revealed various promising new molecular targets for future 
immunotherapies (23‑26). Soon, some of these research efforts 
will start to enter clinical studies. Non‑ICI immunotherapy 
may one day become just as important as ICI immunotherapy. 
As such, an understanding of their current roles and develop‑
ment in the grand scheme of lung cancer immuno‑RT research 
is vital for understanding future research. In this light, the 
present review fills the gap in knowledge regarding the status 
of SBRT and non‑ICI immunotherapy clinical research in lung 
cancer management. By encompassing both ICI and non‑ICI 
immunotherapies, the present review provides a broader and 
more comprehensive discussion on the latest development in 
lung cancer immuno‑RT with the aim of providing a further 
understanding of this latest treatment strategy and inspiring 
more preclinical and translational research in the area.

2. Mechanism

The tumor microenvironment (TME). Simply put, the TME 
is the immediate environment surrounding a tumor, which 
includes the blood vessels, signalling molecules and extracel‑
lular matrix. The TME is a dynamic environment, such that 
as the tumor grows and metastasizes, it too evolves to enable 

tumor progression (2). The immune cells within the TME 
make up the tumor immune microenvironment (TIME), which 
is further divided into immunoreactive and immunosuppres‑
sive components. The former is made up of effector cells of the 
innate and adaptive responses, while the latter is comprised 
of adaptive immune cells such as regulatory T cells (Tregs), 
myeloid‑derived suppressor cells and anti‑inflammatory 
macrophages (2). Throughout the course of RT, the composi‑
tion of the TIME changes as the more radioresistant immune 
cells survive, while the more radiosensitive cells perish (2); 
however, the effect of radiation on the TIME goes beyond 
just changing its composition. Evidence has shown that an 
additional immune effect is also taking place: The ‘abscopal 
effect’, which refers to a phenomenon whereby irradiation of 
a localized tumor results in the regression of distant tumors, 
even though the latter were not irradiated in the first place (16), 
and, although rare, this phenomenon is especially associated 
with SBRT compared to conventionally fractionated RT.

The immune effect of RT. Typically, tumor cells keep their 
TME immunologically ‘cold’ by downregulating their immu‑
nogenic surface markers such as major histocompatibility 
complex‑1 and Fas, which allows tumor cells to escape immune 
surveillance (15). However, RT is able to reverse this immu‑
nosuppressive effect by acting as an in‑situ vaccine, as, when 
it induces irreversible DNA damage and tumor cell death, it 
also causes the release of tumor antigens into the TME that 
are then engulfed by antigen‑presenting cells, which upregu‑
late the immunogenic surface markers and cross‑present the 
tumor antigen to T cells. The process activates cell‑mediated 
immunity and recruits even more lymphocytes from the blood‑
stream (2,15,16). These activated lymphocytes then display a 
homing tendency by roaming through the body looking for 
distant tumors with the same tumor antigens for elimination, 
and with distant tumors shrinking, the elusive abscopal effect 
is achieved (16). Several published preclinical and clinical 
studies have supported the immunogenic effect of SBRT and 
are summarized in Table I (4‑14).

In addition to cell‑mediated immunity, RT was also found 
to promote humoral immunity (12‑14), which, although having 
traditionally been thought of as only playing a synergistic 
role in antitumor immunity, Xiao and Zhuang (2) pointed out 
that in weakly immunogenic cancers, non‑specific immune 
responses such as humoral immunity become more important. 
As tumor cells die from radiation‑induced apoptosis, they 
release tumor‑associated antigen fragments that stimulate 
and activate B cells to differentiate into plasma B cells, which 
then produce antibodies to bind to distant tumor cells (2). The 
resulting antigen‑antibody complexes are then phagocytosed 
by macrophages (2). Unfortunately, by conventional fraction‑
ated RT, the abscopal effect rarely occurs, with only case 
series and anecdotal evidence found in the literature  (16). 
Hypo‑fractionated high‑dose radiation such as SBRT and 
immunotherapy synergy are thought to be ways to increase the 
occurrence of abscopal effects (2,16).

Immunotherapy for lung cancer. A category of immuno‑
therapy that is of interest to researchers is that of therapeutic 
tumor vaccines. However, although generally tolerable, tumor 
vaccines have not always been shown to be effective in clinical 
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trials thus far. For example, both Belagenpumetucel‑L and 
SRL172, a killed mycobacterium vaccae, have been studied 
in phase III NSCLC trials (27,28), but without either showing 
any difference in overall survival (OS) and progression‑free 
survival (PFS) compared to placebo. However, in a meta‑anal‑
ysis of various classes of immunotherapy in advanced NSCLC, 
therapeutic vaccines were still found to have an OS benefit 
compared to other immunomodulators such as cytokines and 
biological response modifiers  (29). Today, new preclinical 
studies continue to identify potential molecular targets for new 
vaccines; for instance, molecular targets such as T‑cell immu‑
noglobulin and mucin domain‑containing protein 3, tumor 
necrosis factor receptor superfamily, member 4 and indole‑
amine 2,3-dioxygenase 1 gene expression have been shown to 
promote anti‑tumor activities in animal models of NSCLC and 
other poorly immunogenic tumors (23‑26). Although further 
preclinical and clinical studies are still needed to confirm their 
efficacy, they are a promising avenue for research in cancer 
immunotherapy.

The major immunotherapy used in lung cancer treat‑
ment is ICIs, which include programmed death‑ligand 
1 (PD‑L1)/programmed death‑1 (PD‑1) and cytotoxic 
T‑lymphocyte antigen‑4 (CTLA‑4) antagonists. CTLA‑4 
is presented on T cells and binds to CD80 and CD86 on 
antigen‑presenting cells, while on the other hand, PD‑1 is 
a transmembrane receptor of members of both innate and 
adaptive immune cells, binding to PD‑L1 and PD‑L2, which 
are expressed widely on non‑immune cells, including tumor 
cells (16). In lung cancer research, PD‑1/PD‑L1 inhibitors have 
been the most systematically researched, both as monotherapy 
and as an adjunct to RT, having also consistently demonstrated 
efficacy and safety as a primary lung cancer treatment (30). 
However, a detailed review of current evidence for ICI 

monotherapy in lung cancer treatment is beyond the scope of 
this review.

The advent of ICI immunotherapy has revolutionized lung 
cancer treatment, now being a part of the standard‑of‑care treat‑
ment for both NSCLC and SCLC, but still possesses certain 
limitations. For instance, numerous patients do not have high 
PD‑L1 expression levels, which makes them less responsive to 
ICI (15,31), and furthermore, as discussed, TMEs are generally 
immunosuppressive, which severely dampens immune reac‑
tions to ICI. As such, much research effort has been directed at 
improving ICI's therapeutic efficacy, including a synergy with 
SBRT.

Synergistic effect of RT and immunotherapy. Early clinical 
evidence has already hinted at a synergy between RT and immu‑
notherapy. The phase III START trial, which enrolled patients 
with stable stage III NSCLC on chemo‑RT, aims to investigate 
whether tecemotide plus best supportive care could prolong 
survival compared to best supportive care alone. Tecemotide 
is a vaccine against mucin‑1 protein antigen, which is designed 
to stimulate T‑cell response. The study ultimately found no 
OS difference between the two arms; however, in a subgroup 
receiving concurrent chemo‑RT (CCRT), improved OS was 
noted (32). On the other hand, perhaps the most well‑known early 
evidence for RT + immunotherapy synergy is the secondary 
analysis of the KEYNOTE‑001 trial, a large multicentre phase I 
trial for pembrolizumab (PD‑1 inhibitor) in advanced NSCLC, 
wherein it was found that themedian PFS was significantly longer 
in patients receiving any type of RT prior to pembrolizumab (4.4 
vs. 2.1 months, P=0.019) (33‑35); in addition, the OS was also 
more favorable for the group with prior RT (10.6 vs. 5.3 months, 
P=0.026)  (33‑35). This evidence for RT + immunotherapy 
synergy paved the way for combining SBRT and immunotherapy.

Figure 1. Schematic diagram of the present review. SBRT, stereotactic body radiotherapy; CT/UCT, central and ultra‑central; MPLC, multiple primary lung 
cancers; OM‑NSCLC, oligometastatic non‑small cell lung cancer; ICI, immune checkpoint inhibitor.

https://www.spandidos-publications.com/10.3892/or.2024.8755
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SBRT differs from conventional RT protocols in that a 
larger dose of radiation with fewer fractions is delivered to 
the tumor site. Confidence in SBRT is accomplished by the 
integration of modern imaging, simulation, treatment planning 

and delivery technologies into all phases of the treatment 
process; from treatment simulation, planning and continu‑
ation throughout beam delivery. Fig. 2 illustrates a typical 
SBRT treatment plan, which is characterized by large RT 

Table I. Selective preclinical and clinical studies of the immune effect of SBRT.

A, Cell‑mediated immunity				  

Authors, year	 Type	 Main outcome	 (Refs.)

Chakraborty et al, 2003	 Pre‑clinical	 RT with 8 Gy single fraction induced the upregulation of Fas	 (4)
		  ligands on tumor cells in situ, which led to increased T‑cell 
		  infiltration and antigen destruction
Garnett et al, 2004	 Pre‑clinical	 Nonlethal doses of RT can make human tumors more amenable to	 (5)
		  immune system recognition by improving CD8+ T‑cell infiltration and 
		  upregulating tumor surface markers involved in T cell‑mediated 
		  immune attacks
Lugade et al, 2005	 Pre‑clinical	 RT significantly increased the recruitment of tumor antigen‑specific	 (6)
		  T cells and the infiltration of T cells into tumors in murine models. 
		  RT also upregulated the number of antigen‑presenting cells, further 
		  facilitating a significant anti‑tumor immune effect
Reits et al, 2006	 Pre‑clinical	 Cell surface expression of MHC class I molecules was increased for	 (7)
		  many days in a radiation dose‑dependent manner as a consequence 
		  of three responses: Degradation of existing proteins, enhanced translation 
		  due to activation of the mammalian target of rapamycin pathway and 
		  new peptides presented by MHC class I molecules
Schaue et al, 2012	 Pre‑clinical	 RT can be immune adjuvant. A 7.5 Gy single fraction could achieve	 (8)
		  the best tumor control and anti‑tumor immunity while maintaining 
		  low Treg numbers
Formenti et al, 2018	 Clinical	 RT upregulated a gene that encodes tumor neoantigens recognized	 (9)
		  by CD8+ T cells that also underwent rapid expansion by radiation
Navarro‑Martín et al, 2018	 Clinical	 There was a specific increase in the immunoreactive component of the	 (10)
		  immune system after SBRT
Zhou et al, 2020	 Pre‑clinical	 SBRT improved TCR sequence diversity and PD‑L1 expression in the	 (11)
		  TME and induced neo‑mutation of genes in tumor cells

B, Humoral immunity

Authors, year	 Type	 Main outcome	 (Refs.)

Zhang et al, 2017	 Clinical	 Hypofractionated SBRT activates the peripheral immune response	 (12)
		  and indicates a dynamic variation in peripheral B lymphocytes 
		  (increased proportion of MZ‑like, transitional and plasmablast B cells, 
		  while decreasing the proportion of naïve and double‑negative B cells) in 
		  patients with operable stage I NSCLC
Lockney et al, 2019	 Clinical	 Anti‑tumor immunity can be induced in NSCLC patients receiving	 (13)
		  SBRT through the upregulation of IgG and/or IgM
Lei et al, 2021	 Clinical	 Single fraction RT with 10 Gy, as compared with 2 Gy, could	 (14)
		  markedly stimulate the A549‑related exosome secretion in a radiation 
		  dose rate‑dependent manner, which contributed to the polarization of 
		  B and NK cell subsets in PBMCs

MHC, major histocompatibility complex; MZ, marginal zone; NK, natural killer; NSCLC, non‑small cell lung cancer; PBMCs, peripheral 
blood mononuclear cells; RT, radiotherapy; SBRT, stereotactic body radiotherapy; TCR, T‑cell receptor; TME, tumor microenvironment; Treg, 
regulatory T cell.
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doses (6‑30 Gy) given in 1‑5 fractions to well‑circumscribed 
tumors (diameter, 5 cm or less). Due to the stringent need for 
patient immobilization and respiratory motion management, 
image guidance was utilized. Compared to conventional RT, 
SBRT seems to have a more potent in‑situ vaccination, or 
immune activation, effect (2,15,16). While the radiobiological 
effect behind this observation remains to be fully elucidated, 
several studies have revealed a dose‑dependent pattern behind 
radiation‑induced antitumor immunity (15). It appears that 
a higher radiation dose induces more powerful anti‑tumor 
immunity (15), although, as the dosage increases, so do the 
side effects.

Currently, a hypo‑fractionated RT protocol with 24 Gy 
in three fractions is a commonly used immunomodulatory 
protocol in clinical trials  (2), notwithstanding when the 
regimen is increased to 20 Gy per fraction, the risk of fibrosis 
and other adverse events (AEs) begins to outweigh the added 
benefit (2). Furthermore, SBRT of 12 Gy and above in a single 
dose has been shown to induce more T‑regulatory cells and 
PD‑L1 expression, as well as other immunosuppressive 
components of the TIME, thereby dampening the antitumor 
response (15); accordingly, immunotherapy, with the ability 
to ‘release the inhibitory breaks’ on the immune systems, can 
be added to augment the antitumor immunity while limiting 
radiation‑associated toxicity and unwanted immunosuppres‑
sion (2,15), while in return, the immune‑priming effect of 
SBRT can enhance the efficacy of immunotherapy.

Toxicity issues. Both SBRT and immunotherapy are gener‑
ally well‑tolerated. As a local therapy, SBRT toxicities tend 
to be localized to the site of irradiation and the immediate 
surrounding area, while in thoracic SBRT, the commonly 
reported AEs are pneumonitis, chest wall pain, rib fractures, 
esophagitis and brachial plexopathy (36). In view of that SBRT 
is usually reserved for fragile patients who are not surgical 
candidates or unable to withstand systemic cytotoxic thera‑
pies, attempts to predict SBRT toxicity have had mixed results 
due to the inconsistent definition of toxicity used in various 
studies (36). Chest wall toxicities, for example, were reported 
to have an incidence rate of 8‑46% (36); however, certain 
significant predictors have been identified, including tumor 
size as a predictor for ≥ grade 2 chest wall pain and elevated 

body mass index as strong predictors for chest wall pain 
post‑SBRT (37,38). Among these factors, regarding the role of 
SBRT for lung tumors in central and ultra‑central locations, 
node‑negative tumors remain controversial, as increased rates 
of treatment‑related toxicity may negate the benefit of treat‑
ment (36,39); accordingly, the American Society of Radiation 
Oncology guideline recommends 4‑5 fractions for central 
tumors while discouraging the use of SBRT for ultra‑central 
tumors until higher‑quality evidence is provided (40).

Out of all immunotherapy categories, ICI's toxicity has 
been the most systematically researched. Its documented 
AEs are fatigue, as well as gastrointestinal‑related and 
respiratory‑related events, with the rate of grade 3 or higher 
ICI toxicity reported from 7‑17% (36). Among the reported 
fatal side effects is pneumonitis, which a retrospective review 
found to be 1.3% in 915 patients treated with single or dual 
ICIs (41). Pneumonitis is of interest to researchers, not only 
because it is potentially fatal, but because it is also a reported 
toxicity of SBRT, and combining SBRT and ICI may indicate 
an increased risk of pneumonitis. A multicenter chart review 
conducted by Tian et al (42) found that the risk of grade 3 
or higher pneumonitis was higher in the SBRT + ICI cohort 
compared to SBRT alone (10.7 vs. 0%, P=0.007), while the 
risk of any pneumonitis appeared the same between the two 
cohorts.

Any‑grade pneumonitis also appears higher among those 
receiving dual ICI therapy. The highest‑grade subacute AE 
was more significant in the synergy group compared to SBRT 
alone (5.4 vs. 0%, P<0.001), and no statistically significant 
difference in highest‑grade acute AEs was noted. The authors 
concluded that SBRT + ICI was safe, but clinicians should 
exercise caution when considering pneumonitis, particularly 
in patients receiving SBRT + dual ICIs (42). Korpics et al (43) 
also reviewed three consecutive phase I trials between 
2016 to 2020 that combined SBRT and ICI to treat widely 
metastatic solid tumors where the overall rate of ≥ grade 3 
pneumonitis was 8.1%, and the development of pneumonitis 
was significantly associated with the established dosimetry 
parameters. The authors concluded that if kept under the 
protocol‑specified dosage limit, thoracic SBRT + ICI would 
neither impose a significantly higher risk of pneumonitis 
nor other severe AEs  (43). Other phase I trials have also 

Figure 2. Illustration of a treatment plan for stereotactic ablative radiotherapy with in‑room magnetic resonance image guidance for an 84‑year‑old male with 
left upper‑lobe lung adenocarcinoma. The images were obtained from the database of the Department of Radiation Oncology in Kaohsiung Medical University 
Hospital (Kaohsiung, Taiwan) (scale: 1 large bar, 1 cm; 1 small bar, 0.5 cm). I, patient inferior view; R, patient right view; A, patient anterior view.

https://www.spandidos-publications.com/10.3892/or.2024.8755
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corroborated the tolerability of SBRT + ICI combination in 
lung cancer treatment of various stages. Various relevant trials 
will be mentioned in the subsequent chapters.

3. Current advances in SBRT and immunotherapies 
synergy in lung cancer

SCLC. Approximately 13% of newly diagnosed lung cancers 
are SCLC (44). There are two methods of staging for SCLC: 
The tumor‑node‑metastasis (TNM) classification  (45) and 
the Veterans Administration Lung Study Group (VALSG) 
system  (46). The American Joint Committee on Cancer 
(AJCC) TNM stage I to III diseases roughly correlate with the 
VALSG limited stage (LS) disease, whereas AJCC stage IV 
diseases were historically defined as extensive stage (ES) by 
the VALSG (44). Today, both classification systems are still 
in use. Only about one‑third of patients are diagnosed with 
LS‑SCLC at presentation and are therefore potentially curable 
with a combination of surgery, chemotherapy and RT, while the 
other two‑thirds present with ES‑SCLC, whose only treatment 
option is chemotherapy (44). However, despite these standard 
treatments, survival remains poor. According to an analysis 
from 2020, the median survival for LS‑SCLC following 
chemotherapy was 18.1 months, and even with the addition of 
early thoracic RT, the survival rate was just 18.4 months, while 
for ES‑SCLC, the post‑chemotherapy median survival was 
9.6 months and neither thoracic RT nor prophylactic cranial 
irradiation was able to improve survival (47). More effective 
treatment options are therefore urgently needed.

In recent years, chemoimmunotherapy has become the 
standard first‑line treatment for ES‑SCLC after several 
landmark trials, including KEYNOTE 604 and Impower133, 
revealed its ability to improve PFS and OS in this popula‑
tion (30). SBRT has also become more common in treating 
early‑stage node‑negative SCLC, despite there not being any 
completed randomized controlled trials (RCTs) to support its 
use in this population (44). This is largely due to SBRT's favor‑
able tolerability and a significant proportion of SCLC patients 
not being operative candidates (44). Of the limited data avail‑
able, a retrospective study found a local PFS of 96.1% at three 
years for patients with LS‑SCLC treated with SBRT and only 
59% of the studied patients had received chemotherapy (48).

Building on the above findings, it was postulated that 
the synergy between SBRT plus ICI could be harnessed for 
treating SCLC; however, the addition of SBRT to chemoim‑
munotherapy is still in its infancy and studies are lacking. 
Pakkala et al (49) conducted a signal‑finding phase 2 random‑
ized trial where 18 patients with relapsed SCLC received 
durvalumab (PD‑L1 inhibitor) and tremelimumab (CTLA‑4 
inhibitor) with or without prior immune‑sensitizing SBRT, 
although the study ultimately failed to demonstrate improved 
PFS and objective response rate (ORR) after the addition 
of SBRT, but a trend in efficacy was revealed. Furthermore, 
changes in peripheral blood lymphocyte composition were 
consistent with an immunologic response to RT, suggesting 
SBRT and ICI synergy could be a step in the right direction. 
The trial also demonstrated the tolerability of combining 
SBRT with ICI at the dosage employed (49).

Building on the work of Pakkala et al (49), four phase I and II 
clinical trials focusing on SBRT and chemoimmunotherapy 

in ES‑SCLC are being conducted. The DARES trial (NCT 
05068232) by the University of Chicago is a single‑arm, phase I 
study that investigates chemotherapy + SBRT + durvalumab in 
the setting of treatment‑naïve ES‑SCLC; another phase I study 
(NCT05403723) is identifying the AEs of chemotherapy with 
durvalumab and SBRT; a phase II study (NCT04923776) is 
investigating whether chemoimmunotherapy + liver‑directed 
SBRT can improve PFS in patients with ES‑SCLC with liver 
involvement; while the Cornell University is conducting a 
phase II study (NCT04951115) of standard chemoimmuno‑
therapy with sub‑ablative doses of SBRT in stage IV SCLC. 
These studies will generate important data for this novel 
SCLC treatment.

Metastatic NSCLC. Contrary to SCLC, most newly diagnosed 
lung cancers are classified as NSCLC (80‑90%) (33). Early 
research on SBRT + immunotherapy has focused on metastatic 
NSCLC. One of the first landmark studies that demonstrated 
the feasibility of combining SBRT with ICI was conducted by 
Luke et al (50) to establish the recommended SBRT dosage by 
organ site when used with pembrolizumab. Several metastatic 
solid tumors were studied, including NSCLC. As its secondary 
outcome, the study found an ORR of 13.2%, a median OS of 
9.6 months and a PFS of 3.1 months. The combination was 
well‑tolerated with acceptable toxicity. The clinical benefit 
was later supported by another landmark study, PEMBRO‑RT, 
in which patients with metastatic NSCLC were randomized to 
receive pembrolizumab alone or pembrolizumab + SBRT (51), 
and although the result did not meet the study's specified 
end‑point criteria, the multi‑center phase II study still showed 
a doubling of the ORR (20% in the control arm vs. 50% in 
the experimental arm, P<0.10); in particular, it was found that 
PD‑L1‑negative patients who historically respond poorly to 
ICI treatment received the greatest benefit from the combina‑
tion therapy (51).

This encouraging result has inspired a current randomized 
phase II/III clinical trial, Alliance A082002 (NCT04929041), 
which further investigates whether the addition of SBRT to 
immunochemotherapy improves PFS and OS for patients 
with PD‑L1‑negative, advanced NSCLC (31). There is also a 
retrospective analysis that directly compares response rates 
after anti‑CTLA‑4 and anti‑PD‑1 combined with SBRT in 
metastatic NSCLC, where anti‑PD‑1 appeared to have a higher 
global response rate and better PFS (52). The authors assumed 
that the observation was driven by a reduced development of 
new out‑of‑field lesions, suggesting anti‑PD‑1 may have better 
control over distant tumors compared to CTLA‑4 inhibi‑
tors (52). Although only a small number of trials had directly 
compared anti‑PD‑1 and anti‑CTLA‑4, the result corresponds 
to that of a phase III trial on melanoma, which found better 
response and survival among patients treated with anti‑PD‑1 
than those on anti‑CTLA‑4 monotherapy (53). Further studies 
on SBRT + ICI synergy in metastatic NSCLC, including a 
randomized phase III study, are underway (Table II).

Other immunotherapies have also been studied in the 
context of metastatic NSCLC. Huang  et  al  (54) reported 
a case from China where a patient with stage IV anaplastic 
lymphoma kinase mutated NSCLC and progressed on multiple 
lines of TKI treatment achieved complete response and a 
PFS of >26 months after SBRT + a 23‑valent pneumococcal 
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polysaccharide vaccine. Another case report presented a 
patient whose metastatic myoepithelial parotid carcinoma 
underwent dramatic regression after receiving two doses of 
mRNA coronavirus disease 2019 (COVID‑19) vaccine (55). 
Subsequent imaging mass cytometry comparing pre‑ and 
post‑vaccination biopsy samples revealed robust anticancer 
immune responses, and although the authors speculated that 
the anticancer response was due to the COVID‑19 vaccination, 
it is interesting to note that this patient had also completed a 
postoperative RT of 60 Gy half a year prior. Both case reports, 
although limited, suggest vaccines can stimulate adaptive 
immune reaction after RT and may possibly induce abscopal 
responses, but regardless of this optimism, the only clinical 
trial on RT and mRNA vaccine in lung cancer has yielded only 
one case of partial response out of the 26 patients studied, with 
the majority of participants achieving stable disease (56).

Oligometastatic NSCLC (OM‑NSCLC). Beside widely meta‑
static NSCLC, stage IV NSCLC also includes OM‑NSCLC 
disease. OM‑NSCLC is defined in several trials as the patient 
having between 1‑5 metastatic lesions (57,58). OM‑NSCLC 
is an intermediate entity between locally confined cancer 
and widespread metastatic disease and is increasingly being 
recognized as a separate disease state due to its less aggressive 
clinical course and lower dissemination capacity than its widely 
metastatic counterpart (57‑59). A significant number (20‑50%) 
of patients with NSCLC are diagnosed with OM‑NSCLC at 
presentation, and although life expectancy has traditionally 
been considered short for patients with metastatic NSCLC, 
treatments were always reserved for symptom palliation, but 
incremental research is now indicating that the prognosis for 
OM‑NSCLC may be better than previously thought.

From observat ional study to populat ion‑based 
hypothesis‑generating analysis, patients with NSCLC with 
single‑organ metastases (even if it is to the brain or the bone) 
have been shown to have better prognosis than those with 
multi‑organ metastases (60,61), and in view of this, long‑term 
control could be possible and as such, systemic chemotherapy 
alone is no longer optimal, so more aggressive local therapies 
are warranted. Indeed, both a phase II multi‑national study 
by Gomez  et  al  (62) and a randomized phase  II study by 
Iyengar et al (63) found aggressive local treatments to have a 
significant PFS benefit over maintenance chemotherapy alone 
for patients with OM‑NSCLC; so much that both trials had 
to be closed early. This survival benefit could also be applied 
to patients with OM‑NSCLC with limited cerebral metastasis, 
which will be discussed later.

With treatment intent shifting from palliative to cura‑
tive, there is a potential role for immunotherapy + SBRT 
synergy in OM‑NSCLC. So far, only one published trial has 
specifically investigated the OM‑NSCLC subgroup (57,64), 
being a single‑arm, phase 2 trial that enrolled 51 patients 
with OM‑NSCLC who completed local ablative RT to 
receive pembrolizumab therapy with their PFS compared to 
historical data (65), revealing improved median PFS in the 
study (19.1 months vs. historical data of 6.6 months). Another 
published study worth discussing is Watanabe  et al  (66)'s 
analysis of two patients with oligometastatic melanoma treated 
with anti‑PD1 + SBRT, where an intriguing part of the study 
was that one of the patients had only low levels of cytotoxic 

T‑cell infiltration and high expression levels of immunosup‑
pressive arginase; still, the patient produced an abscopal 
response that lasted >2.5 years. Although Watanabe et al (66)'s 
study was not on NSCLC, it may, along with the results of 
PEMBRO‑RT (where PD‑L1‑negative patients benefited 
from SBRT + ICI synergy), imply an expanded indication 
for SBRT + immunotherapy for patients with an unfavorable 
pre‑treatment immune signature. Furthermore, another case 
report recently demonstrated that even after oligoprogression, 
SBRT + ICI could still be a reasonable treatment option, as a 
delayed treatment response may occur (67). In short, SBRT 
and immunotherapy synergy are currently pushing NSCLC 
treatment boundaries.

Among the ongoing OM‑NSCLC tr ials, CHESS 
(NCT03965468) and CHEERS (NCT03511391) are two 
much‑anticipated studies. Details on the two trials will be 
addressed later in this review. On the other hand, most of the 
other ongoing OM‑NSCLC trials involve unapproved agents: 
A phase  Ib single arm study (NCT03275597) with SBRT 
followed by durvalumab and tremelimumab, an unapproved 
CTLA‑4 inhibitor for one; IMMUNOs‑SBRT (NCT05259319) 
being another study aiming to establish a safe scheme of 
administration for tiragolumab + atezolizumab + SBRT in 
OM‑NSCLC where tiragolumab is a novel anti‑T cell immu‑
noreceptor with immunoglobulin and ITIM domain inhibitory 
immune checkpoint agent, although its combination with 
atezolizumab has recently been shown to be safe and more 
effective than atezolizumab + placebo in metastatic NSCLC 
in the CITYSCAPE trial (68).

Regarding non‑ICI immunotherapy, there is a study that 
looks at combining SBRT with a targeted form of IL‑2, 
Darleukin, a potent immune‑activating cytokine. By itself, 
IL‑2 can cause serious toxicity throughout the body, but when 
conjugated to L19, it can selectively accumulate at the tumor 
site, thereby boosting anti‑tumor response selectively (69). 
Darleukin plus SBRT has been shown to be safe and prom‑
ising in oligometastatic solid tumors in a small phase I study 
(NCT02086721), where three patients (50% of the studied 
population) had OM‑NSCLC  (70). Now, a multicenter, 
randomized phase II study, ImmunoSABR (NCT03705403), 
is taking place, stratifying patients according to their meta‑
static load and comparing PFS between a SABR + Darleukin 
group and the standard of care (69). Watanabe et al  (66)'s 
analysis mentioned earlier also found an increase in tumor 
epitope‑specific T cells after SBRT, suggesting additional 
epitope‑based immunotherapy, such as a tumor vaccine, may 
have added benefit. All in all, OM‑NSCLC is a budding area of 
research for SBRT + immunotherapy synergy (Table II).

Locally advanced NSCLC (LA‑NSCLC). According to the 
AJCC TNM staging 8th edition (45), stage III lung cancer 
describes LA‑NSCLC with N1‑N3 nodal involvement and/or 
primary tumor of T3 and T4 classifications, without evidence 
of distant metastasis  (34). The mainstay of treatment for 
LA‑NSCLC has been CCRT for numerous years, yet even 
after CCRT, the OS rate was only 15‑20%, with disease 
recurrence as the main contributor to the low OS rate (33,34). 
Fig. 3 demonstrates high conformality and fast dose‑falloff in 
an SBRT plan with in‑room magnetic resonance image guid‑
ance for squamous cell carcinoma lung cancer invading the 
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ribs. The resulting partial response is shown in Fig. 4's serial 
computed tomography scans, which were taken over a span of 
6 months.

A major issue with chemo‑RT is its toxicity associated 
with dose escalation, which severely limits its tumoricidal 
effect  (33,71). This is best demonstrated by the result of 
RTOG 0617, which showed that the 74 Gy arm has shorter 
survival compared to the 60  Gy arm (20 vs. 29  months) 
due to increased toxicity and no benefit to the local control 
(LC) rate (33,71), so the trial had to be terminated early, and 
since then, the research focus has shifted to the optimization 
of chemo‑RT. After ICI and SBRT each showing a survival 
benefit and tolerable toxicity profile when added to existing 
CCRT, the idea of a ‘quad‑modality’ approach to LA‑NSCLC 
treatment was proposed (33,72,73). Kumar et al (33) suggested 
that patients with LA‑NSCLC undergo CCRT to a dosage of 
44‑60 Gy, followed by a two‑week break to allow for treat‑
ment planning and recovery from leukopenia; then, an SBRT 
boost should be administered to stimulate the immune system, 
which is immediately (within 1 week) followed by immuno‑
therapy. As a theory in its infancy, numerous issues, such as 
its risk of autoimmune toxicity, remain to be explored, as do 
other integrated approaches. Wang et al (74) reported a case 
series of resectable LA‑NSCLC who were given neoadjuvant 
ICI + SBRT before surgery. Only one patient had 20% residual 
tumor, with the rest either achieving complete response or 
major pathologic response  (74). Although differing in the 
specific treatment modalities involved, a multimodality treat‑
ment model comprising SBRT and ICI appears to be the trend 
in LA‑NSCLC treatment.

At present, none of the completed clinical trials on 
SBRT and immunotherapy combination are specifically 
for LA‑NSCLC  (15), although the Brown University is 
conducting a small phase II single arm study (NCT03589547) 
of durvalumab with consolidation SBRT following chemo‑RT. 
This is the first study to recruit patients with stage III NSCLC 
only (Table II), and is set to complete in 2026.

Early‑stage NSCLC. Roughly 16% of patients with NSCLC 
present with early‑stage disease (AJCC stage I or II)  (75), 
and that number is expected to increase with the implementa‑
tion of routine lung cancer screening programs (75). SBRT 
is the standard treatment for inoperable, peripheral stage I 
or II NSCLC owing to numerous trials, including a recent 

randomized phase III study, showing a lower local recurrence 
rate and better OS in the SBRT group compared to conventional 
RT (34,75,76). When it comes to the synergy between SBRT 
and immunotherapy, there is only a small number of published 
trials that focus on stage I or II NSCLC. Atezolizumab (PD‑L1 
inhibitor) + SBRT was recently studied in a phase I single‑arm 
trial (NCT02599454) for inoperable stage I or II NSCLC, with 
the combination revealed to be both feasible and tolerable (15). 
Accordingly, a randomized phase III trial (NCT04214262) is 
undergoing that is evaluating Atezolizumab + SBRT vs. SBRT 
alone in high‑risk stage I or II NSCLC (77).

A recent rise in interest in applying SBRT + immuno‑
therapy synergy to early‑stage NSCLC has been observed 
(Table II) (15). A phase II Canadian study (NCT04944173), 
SCION, is investigating the effect of combining SBRT with 
durvalumab in stage I NSCLC. ASTEROID (NCT03446547) 
is another ongoing multi‑center, phase II study that random‑
ized patients with stage I NSCLC to receive SBRT or SBRT 
+ durvalumab, where its latest toxicity report showed the 
combination to be well‑tolerated with only 2 out of 47 patients 
experiencing pneumonitis of ≥ grade 3 (78). KEYNOTE‑867 
(NCT03924869) is a phase III randomized, placebo‑controlled 
study that evaluates SBRT + pembrolizumab in unresectable 
stage I or II NSCLC. The results will add valuable data to 
SBRT + immunotherapy synergy in early‑stage NSCLC.

As discussed, central and ultra‑central locations are 
at increased risk of SBRT toxicity, although it was also 
observed that the LC rate was significantly better with higher 
RT doses  (79). This dilemma presents an opportunity for 
SBRT + immunotherapy synergy, and whereas SBRT primes 
the immune system for immunotherapy, the synergistic effect 
means lower SBRT doses can be used for tumors located in 
central and ultra‑central locations, effectively decreasing the 
risk of toxicity, although evidence in this area is naturally 
required. Likewise, although large (defined as ≥5  cm in 
diameter by RTOG0236 and other phase  II trials)  (80,81), 
node‑negative tumors are found to be an independent risk 
factor for SBRT toxicity, these too have the potential to benefit 
from SBRT + immunotherapy synergy.

Surgical series have shown that, as the NSCLC lesion size 
increases, the rate of pathological nodal‑positive disease also 
increases, hence the risk of distant metastasis (82). It naturally 
follows that the use of systemic therapy to safeguard against 
nodal and metastatic diseases is a reasonable next step, and 

Figure 3. Representative case of a 78‑year‑old male with lung squamous cell carcinoma lung cancer invading the ribs. High conformality and fast dose falloff 
in a stereotactic ablative radiotherapy plan with in‑room magnetic resonance image guidance. The images were obtained from the database of the Department 
of Radiation Oncology of Kaohsiung Medical University Hospital (Kaohsiung, Taiwan) (scale: 1 large bar, 1 cm; 1 small bar, 0.5 cm). I, patient inferior view; 
R, patient right view; A, patient anterior view.

https://www.spandidos-publications.com/10.3892/or.2024.8755
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indeed, trials have shown an OS benefit in large tumors with 
postoperative chemotherapy  (83,84). The 2023 National 
Comprehensive Cancer Network guideline continues to 
endorse post‑SBRT systemic therapy in NSCLC with high‑risk 
features, one of these being tumors of ≥4 cm in diameter (85). 
Of the systemic therapies, immunotherapy has been found to 
be better‑tolerated than cytotoxic chemotherapy (86), so SBRT 
+ immunotherapy may be worth exploring as a treatment 
for large, node‑negative NSCLC. The MD Anderson Cancer 
Center's ongoing I‑SABR clinical trial (NCT03110978) will 
shed some light on this issue, since it includes tumors sized 
≥5 cm (Table II), with the results expected later in 2025.

Multiple primary lung cancers (MPLC). As diagnostic tech‑
nology and treatment improve, the lifespan of cancer patients is 
also lengthening, meaning the incidence rate of second primary 
lung cancer will also increase (87,88). Since most patients with 
MPLC are diagnosed at early stages of the disease, retrospective 
studies have demonstrated SBRT as a safe and feasible alterna‑
tive in those not suitable for surgery (87), while in contrast, the 
role of immunotherapy in MPLC treatment remains unknown. 
The homing tendency of immune cells makes immunotherapy 
appealing to patients with MPLC whose lesions are disperse 
and inoperable; however, the inconsistent and generally low 
PD‑L1 expression across the independent MPLC lesions in 
addition to the unknown characteristics of MPLCs' TME 
make it difficult to predict response to immunotherapy (87). 
SBRT's immune priming effect has the potential to help 
overcome these difficulties, making SBRT + immunotherapy 
synergy a topic worth exploring in MPLCs, although no trial 
has yet been designed specifically for SBRT + immunotherapy 
synergy in MPLCs (87).

4. Practical issues to be addressed

Sequencing/timing of SBRT and ICI or non‑ICI immuno‑
therapy. Encouraging results from studies on the sequential use 

of immunotherapy and SBRT in NSCLC have led researchers 
to wonder what the effect would be if immunotherapy is admin‑
istered earlier in the treatment course. Compared to sequential 
therapy, concurrent therapy has the practical advantages of 
starting all treatment earlier and that such immunotherapy 
may mitigate the immunosuppressive effect of higher‑dosage 
RT, as previously discussed. In a preclinical study, it was found 
that concurrent RT + anti‑PD1 therapy in a mouse model led 
to improved LC and survival, as well as decreased recur‑
rence rates, but not in subjects who received the combination 
treatment sequentially (89); however, clinical studies on the 
optimal sequencing and timing of SBRT + immunotherapy 
are lacking (90,91). Of the available studies, there is also no 
consensus regarding the definition of ‘sequential’ and ‘concur‑
rent’ therapy, making it difficult to directly compare the results 
across the various studies.

A recent retrospective chart review by Woody et al (90) 
found that OS was significantly better in concurrent and 
sequential therapy where immunotherapy was completed 
after SBRT compared to completing immunotherapy before 
SBRT in metastatic cancers. This is in contrast with their 
preliminary data suggesting concurrent therapy should have 
a better outcome than sequential therapy (90). In a study on 
ipilimumab + SBRT for non‑melanoma metastatic cancer, the 
patients were non‑randomized into sequential or concurrent 
groups with liver or lung metastasis (92), and in the phase I 
portion of the study, it was found that the sequence of SBRT and 
ICI was irrelevant to peripheral T‑cell response. By contrast, 
in the phase II study, the sequential lung group had the highest 
rate of clinical benefit with no difference in treatment‑related 
toxicity, although the authors admitted that their study was not 
powered to compare sequential vs. concurrent therapy (92).

COSINR, a randomized phase  I trial that compared 
sequential to concurrent multisite SBRT with nivolumab and 
ipilimumab in stage IV NSCLC, found no statistical signifi‑
cance between the 2 arms in terms of global response rate, 
PFS and time to second progression or death (91). The study, 

Figure 4. Partial response was noted after SBRT for the representative case in Fig. 3, as displayed in serial computed tomography scans. The images were 
obtained from the database of the Department of Radiation Oncology of Kaohsiung Medical University Hospital (Kaohsiung, Taiwan). Upper panel: Axial 
views of pre‑treatment image (left), 2 months after SBRT (middle) and 6 months after SBRT (right). Lower panel: Coronal views of pre‑treatment image (left), 
2 months after SBRT (middle) and 6 months after SBRT (right). SBRT, stereotactic ablative radiotherapy.
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however, found that concurrent therapy was not more toxic 
than sequential therapy and that no RT dose reduction was 
needed for concurrent therapy (91). More definitive conclu‑
sions await further research, including the aforementioned 
CHESS study, which is a multicentre phase II single‑arm study 
that will combine and alternate the use of immunotherapy and 
chemotherapy with SBRT to metastases followed by definitive 
surgery or RT to the primary tumor (64), yielding important 
data on the optimal integration of various treatment strate‑
gies for OM‑NSCLC that includes the optimal timing and 
sequencing of SBRT + immunotherapy (93).

On the other hand, there is no study that directly compares 
sequential to concurrent non‑ICI immunotherapy with SBRT. 
However, based on the aforementioned START trial, we 
may speculate that the sequencing of combination treatment 
involving non‑ICI immunotherapy matters. The START 
trial was a phase  III RCT on chemo‑RT and tecemotide 
in patients with unresectable stage  III NSCLC (32). In its 
subgroup analysis, those who were previously on concurrent 
chemo‑RT responded better to subsequent tecemotide therapy 
than those on sequential chemo‑RT. The survival benefit was 
kept at the 20‑month follow‑up, with exploratory biomarker 
analysis showing prolonged survival among those with high 
soluble mucin‑1 and antinuclear antibody levels (94). Although 
follow‑up studies did not support this observation and the 
development of tecemotide was eventually terminated by 
the manufacturer (95), the finding of the START trial still 
underscored the potential importance of sequencing/timing 
in combination treatment involving non‑ICI immunotherapy. 
As such, future investigation on the optimal sequencing of 
non‑ICI immunotherapy + SBRT is warranted.

Corticosteroid premedication. The importance of investi‑
gating optimal scheduling for SBRT + immunotherapy is 
underscored by research on corticosteroid premedication, 
which is common practice among radiation oncologists to 
prevent acute lung toxicity when a high RT dosage is used. 
Corticosteroids such as dexamethasone and prednisone are 
at times administered 15‑60 min prior to each fraction of 
RT (96); however, as a potent immunosuppressor, corticoste‑
roid prophylaxis may blunt the action of ICI during SBRT + 
ICI therapy. Arbour et al (97) have shown that corticosteroid 
can decrease the efficacy of ICIs in patients with NSCLC 
on baseline corticosteroid treated with PDL1 blockers. The 
mechanism may be through the dampening of the CD8+ 
T‑cell response to ICI (96,98). On the other hand, corticoste‑
roid administration before and after SBRT treatment seems to 
neither change the toxicity rate of SBRT nor confer a wors‑
ening of the cancer recurrence rate (96,99). However, both of 
these studies were limited by their retrospective nature, and 
the role of corticosteroid in the context of SBRT + ICI therapy 
remains indeterminate; meanwhile, Alite et al (96) concluded 
that investigation into optimal SBRT + immunotherapy dosing 
and scheduling to prevent treatment‑related toxicity may be 
more worthwhile than relying on corticosteroid prophylaxis.

Patients with limited cerebral metastasis. The concept of 
oligometastatic tumor has led researchers to re‑evaluate 
our expectations for metastatic cancer patients, specifically 
those with brain metastases. Traditionally, these patients 

are excluded from clinical trials due to presumed dismal 
prognoses, although recent evidence has demonstrated that 
patients with limited metastases, even those with metastases 
to the brain, may fare better than those with widely metastatic 
diseases (60,61). The benefit of aggressive local therapy for 
OM‑NSCLC is also seen in those with limited brain metas‑
tases. As an example, Nikitas et al (100) demonstrated that 
when treated aggressively with synchronous thoracic SBRT 
and brain SRS, the 1‑year rate for thoracic LC was 100 and 
80% for central nervous system LC, respectively, with the OS 
being 67% at 1 year and only 1 case of grade 2 chest wall 
toxicity was recorded.

A published systemic review investigated the SBRT + 
ICI treatment prognoses among patients with OM‑NSCLC 
or melanoma with metastases to various organs and found 
that the treatment benefit of ICI + SRS in cerebral metas‑
tases was less clear than that of ICI + SBRT in extracerebral 
metastases (101). However, COSINR, one of the few RCTs 
on metastatic NSCLC that included patients with controlled 
brain metastasis, showed that patients with treated or limited 
brain metastases did not fare worse than those without (91). 
More data on cerebral metastases could have been added 
should clinical trials such as MIGRAINE (NCT04427228) 
and STICk‑IM‑NSCLC (NCT04650490) recruit enough 
participants to procced (101). MIGRAINE was a study that 
directly compares single vs. multiple‑fraction SRS in patients 
with brain cancers and brain metastases who were also on 
immunotherapy, while STICk‑IM‑NSCLC planned to look 
at the timing of SRS relative to ICI to determine whether it 
has any effect on patients with NSCLC with untreated brain 
metastases. Thus far, it is indicated that SBRT + ICI may be 
promising for OM‑NSCLC, but future analysis needs to take 
the site of metastases into consideration when stratifying 
patients.

Predictive biomarkers for SBRT + immunotherapy synergy. 
In the era of precision/personalized medicine, there is 
increasing emphasis on identifying predictive biomarkers 
that could spot populations who may potentially benefit the 
most from a treatment (15,102) Although several biomarkers 
have been identified for ICI or SBRT treatment, their effects 
in the combined treatment remain unknown. Subsequently, 
Chen et al (15) suggested integrated biomarkers consisting 
of multiple parameters such as PD‑L1 expression level, tumor 
mutation burden and cytotoxic T lymphocyte counts; in other 
words, a liquid biopsy approach to inform clinical decisions. 
Watanabe et al (66)'s analysis, as previously discussed, is an 
example where a liquid biopsy predicts the prognosis of two 
patients with the same clinical staging, where in contrast to 
Patient 2, Patient 1 showed strong lymphocyte tumor infiltra‑
tion and high expression of lymphocyte‑attracting chemokines 
with a rapid complete response to SBRT + ICI treatment that 
was ongoing for >4.5 years, revealing patient 1's prognosis was 
significantly better than that of Patient 2, despite both having 
been diagnosed with oligometastatic melanoma with liver 
metastasis. This suggests a clinical value for liquid biopsy and 
an implication for clinical decision‑making. Chen et al (15) 
further suggested that, based on the result of PEMBRO‑RT, 
which found a statistically significant OS difference in the 
PD‑L1‑negative group compared to the PD‑L1‑positive 
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group, PD‑L1 negativity could be a candidate for predictive 
biomarkers, although further investigations are needed to 
confirm this speculation.

As mentioned, CHEERS (NCT03511391) is a study on 
OM‑NSCLC that will be particularly interesting, being the 
first randomized phase II study that assesses ICI + SBRT to 
a maximum of three lesion sites and, more importantly, it 
also contains a translational endpoint that will inform us of 
the potential biomarkers for treatment response (103). The 
Canadian SCION study also contains a translational compo‑
nent but aims to investigate if levels of circulating tumor DNA 
can predict which patient will most likely respond to prolonged 
ICI treatment after SBRT (Table II) (102).

On a side note, the duration of immunotherapy after SBRT 
is also an area with a paucity of research. A Chinese case study 
reported on a patient with 5 years of PFS following 52 months 
of extended pembrolizumab monotherapy after SBRT, repre‑
senting the most prolonged medication duration with the 
best efficacy among Chinese patients in the literature (104), 
suggesting that the duration of ICI treatment may influence 
survival. The advent of precision medicine for NSCLC means 
translational research will now have a more important role to 
play in clinical trials than ever before.

5. Future research trends and direction

There are several key areas in the integration of ICI and non‑ICI 
immunotherapy with SBRT for lung cancer (Table III).

Optimal timing and sequencing. Further research is needed 
to determine the most effective timing and sequencing of 

immunotherapy and SBRT. This includes investigating whether 
concurrent therapy offers superior outcomes compared to 
sequential therapy, as well as defining clear guidelines for 
treatment protocols.

Biomarker identification. The identification of predictive 
biomarkers for treatment response is essential for personalized 
medicine approaches. Future studies should focus on inte‑
grating multiple parameters such as PD‑L1 expression, tumor 
mutation burden and lymphocyte counts to identify patients 
who are most likely to benefit from combination therapy.

Clinical trial design. Future clinical trials should incorporate 
translational endpoints to elucidate potential biomarkers for 
treatment response. Additionally, studies should aim to include 
diverse patient populations, e.g. those with limited cerebral 
metastases, to better understand the efficacy of combination 
therapy across different disease presentations.

Duration of immunotherapy. Investigating the optimal duration 
of immunotherapy following SBRT is crucial for maximizing 
treatment efficacy while minimizing toxicity. Research should 
aim to determine whether extended immunotherapy regimens 
offer improved long‑term outcomes for patients with NSCLC.

Precision medicine. The advent of precision medicine under‑
scores the importance of translational research in guiding 
clinical decision‑making. Future trends should prioritize the 
integration of translational endpoints into clinical trials to 
advance our understanding of the underlying mechanisms of 
treatment response and resistance.

Table III. Summary of suggested future research directions discussed in this review.

Broad research topic	 Specific research directions

Regimen design	 • Sequential vs. concurrent therapy
	 • Optimal SBRT fractionation/dosing schedules and ICI choice for specific disease 
	 conditions (e.g. tumor stages, locations, sizes, number of metastasis)
	 • Optimal ICI duration post‑SBRT
	 • Anti‑PD1/PD‑L1 vs. anti‑CTLA‑4 for synergy with SBRT
	 • Application to SCLC treatment
	 • Role of corticosteroids prophylaxis
Metastasis	 • Role of SBRT + immunotherapy in NSCLC patients with limited brain metastases
	 • Optimal number of metastatic sites to irradiate with SBRT 
Predictive biomarkers	 • Discovery of new biomarkers for predicting disease prognosis
	 • Optimal combination of biomarkers that make up a liquid biopsy approach to 
	 inform clinical decision
Non‑ICI immunotherapy	 • Alternative immunotherapy options that may surpass ICIs as adjunct treatments 
	 with SBRT
	 • New molecular targets for therapeutic vaccines and their translation into clinical 
	 studies
	 • Safety profiles of non‑ICI immunotherapies
	 • Optimal regimen for combination with SBRT

CTLA‑4, cytotoxic T‑lymphocyte‑associated protein 4; ICI, immune checkpoint inhibitor, NSCLC, non‑small cell lung cancer; PD‑1, 
programmed death‑1; PD‑L1, programmed death ligand‑1; SBRT, stereotactic body radiotherapy; SCLC, small cell lung cancer.
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Overall, future trends in the integration of immunotherapy 
with SBRT for NSCLC should focus on refining treatment 
protocols, identifying predictive biomarkers and incorporating 
translational research to optimize patient outcomes in the era 
of precision medicine.

6. Concluding remarks

The dynamic duo of SBRT and immunotherapy has maxi‑
mized the therapeutic potential of lung cancer treatment to the 
historical record. The addition of SBRT allows more patients 
to respond to immunotherapy, which correspondingly lowers 
the risk of toxicity that comes with higher ablative RT doses. 
Yet, much more about the combined treatment of SBRT + 
immunotherapy remains to be elucidated. For instance, as 
evident in Table II, various SBRT regimens exist, but it remains 
undetermined which are the most suitable for harnessing the 
synergistic power of RT and immunotherapy, and it is elusive 
which ICI agent has the best survival outcome when combined 
with SBRT. Furthermore, now that more and more positive 
trials support SBRT in up to three metastatic sites, it needs to 
be determined how many sites should be irradiated to achieve 
the best immune priming effect for synergy with immuno‑
therapy. Finally, other immunotherapies that can surpass ICI 
as an adjunct treatment with SBRT should be developed. To 
resolve these practical issues and meet these research needs, 
knowledge gained from basic scientific research is required. 
As cancer treatment becomes increasingly personalized, 
research in preclinical and translational studies has great 
potential in advancing our knowledge on SBRT + immuno‑
therapy synergy, particularly in the areas that are discussed 
in this review. A potential limitation of the present review is 
that very few clinical studies on non‑ICI immunotherapies and 
SBRT synergy exist. Therefore, despite our best effort, the 
discussion still mostly centers on ICIs.

The discovery of SBRT + immunotherapy synergy has 
offered tremendous hope to those who suffer from lung cancer; 
still, much more remains to be explored. Further research in 
cell biology, molecular biology and biophysics could aid in the 
understanding of the many practical aspects of this novel, yet 
promising treatment. With the many ongoing preclinical and 
clinical trials discussed here, it will be exciting to see how 
treatments evolve in the future.
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