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Abstract
Non-small-cell lung cancer (NSCLC) has an extremely low 5-year survival rate, with the only effective treatment being 
immunoradiotherapy (iRT). Here, we review the progress of clinical research on iRT for non-small-cell lung cancer (NSCLC) 
over 2018–2023, as well as the future directions. We first discuss the synergistic mechanisms of iRT, reflected in three aspects: 
immune regulation of RT, RT-activated immune-related pathways, and RT-related immune sensitization. iRT may include 
either external-beam or stereotactic-body RT combined with either immune checkpoint inhibitors (e.g., immunoglobulins 
against immune programmed cell death (PD) 1/PD ligand 1 or  CD8+ T lymphocyte antigen 4) or traditional Chinese medicine 
drugs. Regarding clinical effectiveness and safety, iRT increases overall and progression-free survival and tumor control 
rate among patients with NSCLC but without a considerable increase in toxicity risk. We finally discuss iRT challenges and 
future directions reported over 2018–2023.

Keywords Radiotherapy · Immunotherapy · Immune checkpoint inhibitor · Immunoradiotherapy · Non-small-cell lung 
cancer

Introduction

Lung cancer is a malignancy with a high incidence rate and 
mortality: 2.2 million new lung cancer cases and 1.8 million 
deaths were reported worldwide in 2020 [1]. Non-small-cell 
lung cancer (NSCLC) accounts for 85% of all lung cancer 
cases, and most patients are diagnosed as having NSCLC at 
an advanced stage, which makes them ineligible for surgical 
resection [2]. As such, the 5-year survival rate of patients 
with stage IV remains at only 5% [3].

Here, we review the progress in immunoradiotherapy 
(iRT) for NSCLC over 2018–2023 and explore techniques 
for strengthening it further.

Radiation therapy

Radiotherapy (RT) is an effective therapeutic strategy for 
NSCLC, particularly in NSCLC patients ineligible for sur-
gery. Older adults and smokers, who are prone to respira-
tory disorders (e.g., chronic obstructive pulmonary disease) 
and heart disease, have the highest risk of lung cancer; 
moreover, a considerable proportion of patients with lung 
cancer can only tolerate noninvasive therapy [3]. Recent 
technological advancements have led to the development of 
safer, more effective RT techniques and dosages for patients 
with NSCLC [4]. Consequently, the 3-year relative survival 
rate of patients with NSCLC has increased from 25% over 
2004–2006 to 38% over 2016–2018 [5]. However, regardless 
of the radiation and dose segmentation approach used, some 
patients may develop radioresistance, resulting in RT failure 
and local relapse. In these cases, only raising the radiation 
dose may not enhance survival benefits but result in unde-
sirable effects and poor prognosis [6]. To overcome these 
limitations, developing a novel bio-optimization strategy for 
RT with an acceptable safety profile and sustained response 
is necessary [7].
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Immunotherapy

Immunotherapy is effective in treating various cancers, 
including NSCLC [8]. Cancer incidence and progression 
are associated with an individual’s immunity or immune 
monitoring [9]. Immune checkpoint inhibitors (ICIs), such 
as anti-CTLA-4-antibodies (CTLA-4) and programmed 
cell death (PD) 1/PD ligand 1 (PD-L1), have revolution-
ized immune-management of advanced NSCLC [10]. Cur-
rently, PD-1/PD-L1 inhibitors such as pembrolizumab and 
atezolizumab are recommended for first-line therapy in 
advanced NSCLC patients with high PD-L1 expression 
[11–14]. Despite the encouraging outcomes associated 
with ICIs, only a few patients have demonstrated an overall 
sustained response thus far; most patients tend to develop 
primary resistance through the tumor immunity avoid-
ance mechanism [15]. In addition, patients demonstrating 
a primary response may develop secondary resistance to 
the ICIs [16]. Therefore, studies on preventing the devel-
opment of primary and secondary responses to ICIs in 
patients with NSCLC are warranted.

In contrast to Western medicine, traditional Chinese 
medicine (TCM) focuses on the systematic regulation of 
the tumor microenvironment (TME) [17]. The main mech-
anism underlying the effects of TCM medications on the 
TME involves the adjustment of the immune system of 
patients with cancer [18]. The effects of TCM medications 
on the immune system are diverse and complex. Different 
TCM medications affect different immune cell types; how-
ever, some medications affect the same cell types. TCM 
medication types include alkaloids, polysaccharides, glu-
cosides, and flavones—all of which have multiple biologi-
cal functions with a wide range of effects on both innate 
and adaptive immunity (Fig. 1) [9]. TCM medications may 
contribute to T-cell proliferation and increase the levels of 
their related cytokines; they may also increase the numbers 
of regulatory and other T cells, thus reducing RT-related 
adverse reactions [19].

RT and immunity

Immunomodulatory effect of RT

In addition to high cancer control efficacy, RT has demon-
strated a distinct immunomodulation function in preclini-
cal and clinical trials. RT participates in various immune 
regulatory processes and plays an important role in anti-
tumor immunity (Fig. 2). In mice, tumor irradiation can 
elevate immunogenic cell surface markers, induce intracel-
lular stress, especially reactive oxygen species-mediated 
DNA damage, leading to the occurrence of immunogenic 

cell death. Irradiation also results in the release of cyto-
plasmic DNA and stimulation of the interferon pathway, 
which eventually creates a proinflammatory cytokine envi-
ronment [3]. The major manifestation of radiation-induced 
systemic immune activation is the abscopal effect, where 
cells that did not receive radiation also become damaged 
[20]. Derived from the Latin words ab (away from) and 
scopus (target), the abscopal effect was first described in 
1953; it is defined as the regression or disappearance of 
a tumor outside of the radiation field but within the same 
organism [21]. However, the mechanisms underlying RT-
induced abscopal effects remain unclear. Moreover, only 
46 cases of the abscopal effect were reported between 1969 
and 2014 [22]. Nevertheless, a study confirmed that the 
abscopal effect is unrelated to the immune system, because 
immunodeficient mice treated with immunotherapy did not 
show evidence of the effect [23].

RT may induce a systemic, immune-mediated antitumor 
effect by participating in the cancer-immune cycle. In gen-
eral, RT results in a more favorable immunological micro-
environment for antitumor immunity, transforming a cool 
tumor into a hot one [24].

RT‑activated immune‑related pathways

RT can induce a variety of immune-related pathways 
through tumor cells destruction, including the cyclic guano-
sine monophosphate-adenosine monophosphate synthase 
(cGAS)–stimulator of interferon genes (STING) pathway 
[25]. The cGAS-STING pathway activation, followed by 
interferon (IFN) α activation, induces the cross-priming abil-
ity of RT-induced dendritic cells [26]. The cGAS–STING 
receptors are necessary to accumulate cytoplasmic DNA, 
particularly in the form of micronuclei [27]. Irradiation 
damages tumor cells and engenders the release of nuclear 
DNA into the cytoplasm. The presence of mutant DNA in 
the cytoplasm leads to the production of the cell-cycle pro-
tein GMP-AMP, which is a cGAS product that upregulates 
the IFNA transcription through the STING-nuclear factor 
kappa B signal transduction [28]. In addition, RT-triggered 
mitochondrial outer membrane permeabilization allows for 
mitochondrial DNA to be exposed to the cytoplasm; it can 
also trigger cGAS-driven IFN-α synthesis [29]. The STING-
cGAS pathway is also crucial for dendritic cells to sense 
irradiated tumor cells and induce adaptive immunity [30].

RT‑related immune sensitization

Immunotherapy can regulate the TME by normalizing the 
vascular structure of a tumor, thereby enhancing its sen-
sitivity to RT. Cancer immunotherapy induces the nor-
malization of tumor vessels in a T-cell-dependent man-
ner. In a study, when CTLA-4 Ig or PD-1 inhibitor was 
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administered to mouse breast and colon tumor models, 
the sensitive tumor models demonstrated considerable 
growth inhibition, increased blood vessel perfusion, and 
reduced intratumoral hypoxia. Moreover, immunother-
apy can increase vascular perfusion by promoting  CD8+ 
T-cell aggregation and IFN-γ secretion, thus normalizing 
the tumor vascular system. The degree of tumor blood 
vessel normalization is closely related to its therapeutic 
effect [31]. A study determined the correlation between 
the immune stimulation pathway and vascular normali-
zation-related genes. The results demonstrated that type 
1  CD4+ T cells participated in the normalization of the 
blood vessel system, thus promoting the secretion of IFN-γ 
by  CD4+ T cells (through immune checkpoint blockade), 

as well as supporting vascular normalization, but reducing 
hypoxia [32]. Therefore, tumor blood vessel normalization 
by ICIs can provide a feedback circuit for the immune 
microenvironment reprogramming, as well as enhance 
immunotherapy efficacy, possibly increasing the tumors’ 
sensitivity to RT.

Different immune treatments may have a differential 
effect on primary and abscopal tumor response [33]. 
Vaccination, for instance, is a new area of study that has 
produced promising outcomes for the future of immuno-
therapy. It can enhance RT-induced immune response and 
achieve immunosuppression by inhibiting immunosup-
pressive molecules, such as PD-1, and activating whole-
tumor cell vaccines [34].

Fig. 1  A graphic summary of anticancer immunity: innate and adap-
tive immune cells regulated by a variety of antitumor traditional Chi-
nese medicine and its components. Immune cells: M Macrophage, 
NK Natural killer cell, DC Dendritic cell, MDSC Myeloid-derived 
suppressor cell. Chinese medicine and its ingredients: A Rhodiola, B 
Astragalus embranaceus, C Astragaloside IV, D Crassocephalum Cre-
pidioides extract, E Soyasapogenols, F Astragalus Polysaccharides, 
G Codonopsis Polysaccharides, H Shikonin, I Achyranthes Biden-
tata Polysaccharides, J Cordyceps Sinensis, K lupanol, L ZPDC, a 
glycoprotein extracted from Pepper; U Ganoderma Polysaccharide, 

V Salviae Miltiorrhizae Polysaccharides, N ACNO, a Chinese herb 
formula, anticancer number one; O Echinacea, P Tetramethylpyrazine 
Phosphate, Q Ginsenoside, R HemoHIM, a herbal medicine prepa-
ration of three Chinese medicine herbs Cnidium officinale Makino, 
Angelica gigas Nakai, Paeonia japonica Miyabe; S Glycyrrhizia Poly-
saccharide, T Bushen Gubiao Recipe (BGR), W Icariin, X Asparagus 
Polysaccharide, Y Matrine, Z Gambogic Acid, PV Prunella Vulgare. 
The red arrows represent activation while blue lines indicate suppres-
sion, with the letters inside red or blue dots representing traditional 
Chinese medicine or their ingredients
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Synergistic activity of RT and ICIs

Many preclinical studies have shown that RT combined with 
ICIs may aid in systematically eradicating some diseases in 
a mouse model [35, 36]. Deng et al. [26] demonstrated that 
radiation enhanced PD-L1 expression in the TME, and radia-
tion combined with PD-1 inhibitors efficiently suppressed 
cancer growth and delayed the growth of distant tumors 
through cytotoxic T cell activation and reduced myeloid-
derived inhibitory cell accumulation in mice. Radiation 
combined with PD-1 inhibitors led to synergistic enhance-
ment of their antitumor activity through  CD8+ T cell infiltra-
tion in a mouse NSCLC model [37]. In a retrospective study, 
chemo-RT (CRT) led to an increase in tumor PD-L1 expres-
sion following patients with NSCLC; this result provided 
the pathological basis for post-CRT ICI administration [38]. 
Thus, the possible mechanism underlying the effects of RT 
with ICIs is as follows: irradiation activates the immune sys-
tem against cancer cells, and then, ICIs may counteract the 
TME’s immunosuppression checkpoint blockade [39]. Thus 
far, many preclinical and clinical studies have explored the 
theoretical basis of iRT and maximization of its therapeutic 

effects. As such, iRT has been noted to demonstrate a syner-
gistic effect of immunotherapy and RT on cancer treatment 
[40].

In the subsequent two sections, we discuss the efficacy 
and safety of different types of iRT and how they may be 
improved.

iRT in NSCLC

iRT efficacy in NSCLC

Efficacy of RT combined with ICIs

Recent preclinical and clinical studies have indicated that 
RT combined with PD-1/PD-L1 inhibitors may enhance 
the immune function and recover the  CD8+ T-cell activ-
ity, thereby inhibiting tumor growth and increasing patient 
survival considerably (Table 1) [41]. In a randomized, mul-
ticenter phase-II trial, 92 patients with advanced NSCLC 
were included in either the experimental group (RT + PD-1 
inhibitor) or the control group (PD-1 only). Although the 

Fig. 2  The specific mechanisms of RT combined with immunity
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differences in efficiency and survival benefits between the 
two groups were nonsignificant, the experimental group, 
particularly those with PD-L1− NSCLC, demonstrated a 
significant increase in progression-free survival (PFS) and 
overall survival (OS) [42].

Geng et al. [43] demonstrated that the effects of PD-1/
PD-L1 inhibitor use after RT were superior to those of con-
comitant PD-1/PD-L1 inhibitor and RT use. These findings 
corroborate those of preclinical studies, suggesting that 
RT upregulates PD-L1 expression via DNA double-strand 
breakage and  CD8+ T-cell penetration [44]. High PD-L1 lev-
els have been demonstrated to enhance PD-1/PD-L1 activ-
ity and  CD8+ T-cell penetration. In the phase-III PACIFIC 
study, durvalumab was employed as maintenance therapy 
after CRT in patients with unresectable stage-III pulmonary 
cancer, and its results demonstrated significant survival 
outcomes. Durvalumab treatment initiation during the first 
14 days after RT termination led to longer patient survival 
than did durvalumab treatment initiation 14–42 days after 
RT termination [45].

Geng et al. [43] also demonstrated that in patients with 
advanced NSCLC, stereotactic-body RT (SBRT) combined 
with PD-1/PD-L1 inhibitors demonstrated superior out-
comes to those of conventional RT combined with PD-1/
PD-L1. The long-term OS related to SBRT was noted in a 
phase-II randomized trial only in the PD-L1− NSCLC popu-
lation [42], suggesting that RT, particularly SBRT, modifies 
PD-L1 expression and thus enhances ICI effectiveness. In 
addition to activating the immune system, RT can induce 
lymphopenia, which may also enhance the effectiveness of 
ICIs [43]. The major factors underlying the development of 
RT-related lymphopenia include the use of multicenter or 
multisite radiation, high RT doses, as well as differences 
in RT technologies used; SBRT is prone to reduce this risk 
[46]. The beneficial effects of combined therapy with SBRT 
and PD-1/PD-L1 inhibitors are attributable to the aforemen-
tioned benefits of SBRT. SBRT and particle-beam RT can 
aid in reducing exposure to normal tissues and activating the 
immune system, making it the preferred choice for iRT [47].

In general, iRT can enhance OS, PFS, and tumor response 
in patients with advanced NSCLC. PD-1/PD-L1 inhibitor 
administration following RT or precise radiation treat-
ments, such as SBRT, are likely to provide more benefits 
for those treated with combined treatments. These findings 
require additional large-scale, randomized, controlled trials 
to verify.

Efficacy of RT combined with TCM medications

Through health qi strengthening and pathogen removal, 
TCM improves RT efficacy, eventually promoting carcinoma 
cell apoptosis, suppressing tumor metastasis, strengthen-
ing antitumor immune function, adjusting TME stability, 

improving RT efficacy, and reducing recurrence rate [48, 
49]. Kong et al. [50] discovered that micheliolide increases 
radiosensitivity by inducing the ubiquitination degradation 
of hypoxia-inducible factor-1α in p53-positive NSCLC. Yu 
et al. [51] reported that ganoderma lucidum polysaccharide 
combined with RT reduces tumor immunosuppression. Xiao 
et al. [52] showed that Aidi injection and RT could signifi-
cantly improve the clinical efficacy and quality of life of 
patients with lung cancer. However, additional clinical stud-
ies are warranted to increase the current knowledge regard-
ing iRT and improve the survival outcomes of patients with 
NSCLC.

iRT safety

Safety of RT combined with ICIs

Because RT can induce local and systemic inflammatory 
responses, iRT may be associated with increased toxicity. 
Several retrospective and prospective single-arm studies on 
the safety of RT combined with ICIs have been reported so 
far [53]. Marco et al. [54] pooled clinical data of 187 NSCLC 
patients treated with concurrent RT and PD-1/PD-L1 inhibi-
tors at seven Italian centers between September 2015 and 
June 2019; the patients’ median follow-up duration was 
23 months, whereas their median OS was 16.5 months. Of 
all 187 patients, 13 and 43 demonstrated RT- and immune-
related adverse reactions, respectively. In most cases, RT 
and PD-1/PD-L1 inhibitors did not lead to toxic effects addi-
tively; however, one patient demonstrated grade 5 pulmo-
nary toxicity—a possible negative consequence of RT com-
bined with the ICIs. These results indicate that, in general, 
the combined use of RT and PD-1/PD-L1 inhibitors is safe; 
this combination does not worsen their individual toxici-
ties. Despite the potential bias, a large-scale, retrospective, 
multicenter, observational cohort trial on sub-directional RT 
combined with ICIs demonstrated that concomitant use of 
palliative and ablative RT schemes is safe. This finding may 
be relevant because the study included a large number of 
patients with NSCLC demonstrating satisfactory results and 
relatively long-term survival; additional studies on optimiz-
ing this combination are therefore warranted [54]. In their 
systematic review, Sha et al. [55] compared the toxic effects 
of ICIs alone with RT combined with ICIs by including 51 
trials (phase-III or beyond), including a total of > 15,000 
patients. The results indicated that 17.8% of the patients 
who received RT combined with ICIs demonstrated grade 
3 or higher toxicity. In contrast, 22.3% of the patients who 
received ICIs alone experienced grade 3 or higher toxicity. 
In addition, the differences in toxicity concerning irradiation 
location (intracranial versus extracranial) or RT sequencing 
were nonsignificant.
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RT combined with CTLA-4 Ig can lead to grade 3 or 
higher toxicity [56]. Formenti et al. [57] reported the first 
and only phase-I/II prospective trial on the use of SBRT 
combined with a high dose (3 mg/kg) of ipilimumab (a 
CTLA-4 Ig) for metastatic lung cancer detection; its results 
indicated that 38% of the patients demonstrated grade 3 
or higher toxicity. This toxicity may have been due to the 
high ipilimumab dose rather than due to SBRT. Low-dose 
CTLA-4 Igs are effective and less toxic, and the effects of 
their combination with stereotactic ablative RT (SABR). In 
their systematic review, Sha et al. reported that CTLA-4 Ig 
alone led to significantly higher toxicity than PD-1/PDL-1 
inhibitors [55].

A phase-II randomized clinical trial also demonstrated 
acceptable safety, with 30% and 20% of patients who 
received ICIs alone and SBRT combined with ICIs expe-
riencing grade 3 or higher toxicity, respectively [42]. In 
their systematic analysis of prospective and retrospective 
trials, Chicas-Sett et al. [58] investigated the effects of SBRT 
combined with ICIs in patients with metastatic NSCLC and 
reported that the PD-1/PD-L1 inhibitor alone and SBRT 
combined with ICIs led to similar toxicity.

The safety of iRT, therefore, depends on the ICIs, along 
with their dosage and dosing frequency. In general, iRT and 
ICIs alone appear to have similar toxicity. However, the 
available information is only provisional, with most data 
not being from prospective trials. However, evidence on 
the effects of treatment variables on toxicity characteristics 
is lacking, and further relevant research to validate these 
results is required.

Safety of RT combined with TCM medications

TCM medications suppress tumor growth and enhance 
immunity. Accumulating evidence suggests that a variety 
of herbal medicines play an important role in reducing tox-
icity and increasing efficacy of radiotherapy for NSCLC 
(Table 2). From the perspective of immune regulation, RT 
combined with TCM medications may have clinical util-
ity. Wu et al. [59] conducted a controlled clinical trial on 
the efficacy and safety of CRT combined with Zengxiao 
Jiandu decoction in the treatment of unresectable, locally 
advanced NSCLC. From February 2019 to December 2020, 
the authors randomly included 163 cases in the TCM or con-
trol group. In the TCM group, 59 patients completed CRT 
according to the protocol, whereas 79 received Zengxiao 
Jiandu decoction according to the protocol. In the control 
group, 42 individuals completed the CRT according to the 
schedule, and their rates of grade 3 or higher CRT-related 
toxicity were greater than those in the TCM group (44.4% 
vs. 31.7%). Grade III radiopneumonitis incidence was 
higher in the control group than in the TCM group (13.6% 
vs. 3.7%); similarly, the mean PFS was longer in the TCM 

group than in the control group (12.0 vs. 9.0 months). In 
general, Zengxiao Jiandu decoction as an add-on treatment 
reduced treatment-related toxicity, improved CRT comple-
tion rate, and extended PFS in patients with unresectable 
locally advanced NSCLC. These results supported the wide-
spread application of Zengxiao Jiandu soup in the treatment 
of unresectable locally advanced NSCLC [59]. Zhang et al. 
found that Guiqi Baizhu Decoction composed of Radix 
Astragali seu Hedysari, Radix Angelicae Sinensis, Rhi-
zoma Atractylodis, Radix Paeoniae Alba, Pericarpium Citri 
Reticulatae, Radix et Rhizoma Rhei, and Radix Glycyrrhi-
zae can reduce radiation-induced inflammatory response and 
immune injury and prevent intestinal microbial imbalance 
and metabolic disorders caused by RT significantly. [60]. 
Accumulating clinical evidence indicates that RT combined 
with TCM extracts or formulas related to the immune system 
can improve treatment safety significantly.

Many clinical trials have suggested that iRT for NSCLC 
does not increase toxicity significantly, with acceptable 
safety. In general, more robust, longer-term, randomized, 
prospective studies with stricter follow-ups that may aid in 
gaining an overall picture of the undesirable effects of com-
bined therapy are warranted.

iRT limitations

Optimal radiation dose and fractionation

Despite the increasingly widespread use of RT, consen-
sus has not been reached regarding the recommended RT 
dosages and segmentation methods. Both preclinical and 
clinical trials have investigated many treatment methods for 
their anticancer efficacy; however, no conclusions have been 
reached [41].

RT segmentation schemes, conventionally, can be either 
conventional (1.8–2.2 Gy/time, once/day, 5  days/week, 
3–7 weeks in total) or large (including stereotactic radio-
surgery; 3–20 Gy/time, one fraction/day) [61]. Siva et al. 
[62] indicated that conventional fractionation schemes of RT 
might facilitate radiation-induced antitumor immunity. The 
authors also found that a single high-dose (12 Gy) RT does 
not exhaust established immune effector cells, such as  CD8+ 
T cells or natural killer (NK) cells, and that it might be more 
effective in killing cancer cells when combined with immu-
notherapy. SBRT, a typical type of hypo-RT, consists of 
high-dose narrow edge and strong gradient RT (i.e., SABR) 
that protect adjacent healthy tissues [40]. Hypofractionation, 
particularly with stereotactic RT, may facilitate the reduc-
tion of exposure to the nonintervenient parts of the heart and 
lungs to maintain absolute lymphocyte count effectively and 
elicit a relatively robust abscopal response [63]. Although 
each large dose may increase abscopal responses, clinical 
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studies have not achieved good results, suggesting that the 
abscopal effect is affected by several factors [61].

Herrera et al. [64] indicated that when used to irradi-
ate all detectable tumors, low-dose irradiation (LDI) with 
a wide external-beam irradiation field can efficiently mobi-
lize innate and adaptive immunity in the presence of an 
immune suppression pathway; LDI is, therefore, suitable 
for combining with an ICI. A post hoc analysis of three iRT 
studies with a CTLA-4 Ig or a monoclonal antibody against 
PD-1/PD-L1 was reported recently. According to its evalu-
ation criteria for solid tumor response, 58% of patients who 
received LDI scattering from high-dose RT fields demon-
strated a partial or complete response. In contrast, only 18% 
of patients who did not receive scattered LDI demonstrated 
a partial or complete response [65]. Olza et al. demonstrated 
that LDI provides good security; it can irradiate several or 
even all tumor deposits. Similar to SBRT, LDI may be used 
in combination with immunotherapies. These combinations 
may enhance T-cell initiation and activation and decrease 
TME immunity suppression. Finally, combined treatment 
with high-dose iRT for several metastatic lesions to trigger 
in situ vaccination, followed by LDI for residual metastatic 
lesions, may maximize the abscopal effects of the treatment 
through the facilitation of T-cell invasion [66]. Although 
LDI does not kill cancer cells, it can be used to enhance 
immunotherapy efficacy through the activation of immunity 
and TME regulation. A recent study on SBRT combined 
with ipilimumab for advanced metastatic cancer treatment 
demonstrated that compared with lesions far from the target 
tumor, tumors exposed to LDI (due to proximity to the target 
tumor) were more likely to react [67]. On the basis of these 
results, Shang et al. proposed a novel therapeutic approach, 
integrating high-dose RT with LDI to enhance the therapeu-
tic effect of whole-body immunotherapy [33]. High-dose RT 
can enhance antigen expression and release and stimulate 
immune cell activation, whereas LDI facilitates immune 
cell penetration into the distant stroma and tumor bed. In a 
phase-II nonrandomized study, patients who received high-
dose iRT combined with LDI demonstrated more local reac-
tions than those who did not receive LDI [68].

As part of an iRT paradigm, LDI is a novel approach 
addressing the mechanical constraints of high-dose RT; how-
ever, further confirmation of the aforementioned results is 
warranted.

iRT sequence

The optimal drug administration plans for RT combined with 
ICIs are currently unclear. In particular, whether ICIs be 
administered concurrently or sequentially with RT requires 
further investigation. This time window might significantly 
impact the antitumor effect of the combined therapy [61]. 

Some literature suggests that sequencing may rely on the 
ICI type [69].

Clinical studies have shown that PD-L1 inhibitor therapy 
may be more effective when used simultaneously with or 
after RT. Recently, Antonia et al. [70] demonstrated the 
survival advantages of using duvacumab after synchronous 
CRT in patients with grade III, unresectable NSCLC. In a 
phase-2 randomized clinical trial, Willemijn et al. indicated 
that SBRT before pembrolizumab is well tolerated [42]. 
In their retrospective study, Susan et al. [71] demonstrated 
that the OS rate may be lower in patients who have com-
pleted immunotherapy before SBRT than in those treated 
simultaneously or subsequently. The authors also reported 
a longer median OS in patients treated with immunotherapy 
and SBRT simultaneously than in those treated with immu-
notherapy 6 months before SBRT; however, this difference 
was only partially explained because of potential lead-time 
bias. Therefore, additional prospective cohort studies with 
causal analysis of death and toxicity are required to validate 
this analysis. Bauml et al. [72] demonstrated that pembroli-
zumab after local ablative treatment resulted in a significant 
increase in PFS relative to historical data in patients with 
oligometastatic NSCLC without any decline in quality of 
life. A phase-III, placebo-controlled study demonstrated 
that durvalumab after CRT in patients with unresectable 
stage-III NSCLC led to sustained PFS and OS benefits. 
Of all patients, 49.6% had an OS of ≥ 4 years, and 35.3% 
demonstrated no progression [45]. In their nonrandomized 
experimental study, Salma et al. reported that concomitant 
pembrolizumab and CRT have strong antitumor activity with 
tolerable toxicity, regardless of tumor histology and PD-L1 
tumor fraction score [73].

Many animal studies on the ideal sequence for adminis-
tering CTLA-4 Igs and RT have indicated that CTLA-4 Ig 
treatment has superior anticancer effects when administered 
before RT [74, 75]. In their preclinical trial, Young et al. 
[75] administered CTLA-4 Igs 7 days before RT (20 Gy × 1), 
1 day after RT (20 Gy × 1), or 5 days after RT (20 Gy × 1) 
and noted that administration of CTLA-4 Ig before RT led 
to optimal outcomes. The authors also investigated the use 
of antiOx40 (a secondary co-stimulus checkpoint inhibi-
tor) with identical RT sequences and observed that ICIs 
were most beneficial when they were administered the first 
day after SBRT. The authors conclude that the effect of 
sequencing depends on the mechanism of immunotherapy 
being used. These differences may be due to PD-1/PD-L1 
inhibitors reduce the number of newly activated T cells [76], 
whereas CTLA-4 Ig acts on naïve and regulatory T cells 
[77]. In general, the optimal iRT sequence may depend on 
the immunomodulators’ types.

Despite scant data, the available results demonstrate that 
PD-1/PD-L1 inhibitors may be more effective when admin-
istered simultaneously or after RT, whereas CTLA-4 Igs 
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may be more effective when administered before RT. How-
ever, whether these immunomodulators achieve their highest 
efficacy by simultaneously inducing increased toxicity levels 
warrants additional prospective head-to-head clinical trials 
with comprehensive procedures.

Patient selection and biomarkers

iRT may not be equally beneficial to all patients with cancer 
[33]. Currently, reliable biomarkers or models for predicting 
immune therapy or combination therapy responses remain 
unavailable [39]. Because of the breakthrough progress of 
PD-1/PD-L1 inhibitor use in cancer treatment, studies on 
their prognostic markers are ongoing. Thus far, many bio-
markers that predict survival outcomes have been reported; 
however, no definitive standard or effectiveness has been 
identified [41].

PD-L1 positivity is currently the most accepted marker of 
immunotherapy response [78, 79]. Reck et al. [80] demon-
strated that pembrolizumab is associated with increased PFS 
and OS as well as a reduction in the incidence of treatment-
related adverse events in advanced NSCLC patients who 
have not received prior treatment or have a PD-L1+ tumor 
rate of > 50%. In their post hoc exploratory analysis, Bang 
et al. [81] reported that compared with the placebo, dur-
valumab affords significant improvements in PFS and OS in 
patients with a PD-L1+ tumor rate of > 1%; however, such 
considerable improvement was not observed in patients with 
a PD-L1+ tumor rate of < 1%.

Tumor mutation burden (TMB) is another major bio-
marker for immune response, and this marker has been cor-
related with the response rate of PD-1 or PD-L1 inhibitor 
therapy in various cancer types [82, 83]. However, TMB 
has been applied and validated less extensively than PD-L1 
positivity [33]. In 2018, TMB was written into the first 
edition of the National Comprehensive Cancer Network’s 
(NCCN’s) NSCLC guidelines, where it was identified as an 
emerging biomarker for patients with metastatic NSCLC. 
However, on the basis of subsequent clinical experimental 
data, TMB may be associated with limitations, such as poor 
detection repeatability and difficulty when the TMB is high. 
Therefore, in 2020, NCCN expert group unlisted TMB as an 
emerging biomarker for metastatic NSCLC. In the current 
(i.e., fifth) edition of the NCCN guidelines, TMB detection 
is recommended as a biomarker for ICI selection only in 
advanced NSCLC patients who have not received immuno-
therapy previously. TMB is considered an efficacy marker 
for second-line and post-second-line immunotherapy but not 
first-line immunotherapy. In summary, TMB is a biomarker 
with potential clinical application value; however, it has sev-
eral limitations, and its specific application value remains 
unclear [84].

Mismatch repair deficiency and microsatellite instability 
may accurately predict the efficacy of PD-1/PD-L1 inhibitors 
[85, 86]. Moreover, tumor-infiltrating lymphocytes, particu-
larly  CD8+ T cells, and cytokines are potential biomarkers 
for inhibitor therapy [87, 88]. Radiomics is a powerful, non-
invasive, economical, and reliable methodology for evaluat-
ing patient response to precision medicine [89]. Radiomics 
strategies provide longitudinal monitoring of tumor char-
acteristics; they can be combined with tumor biopsy and 
genome sequencing to improve treatment selection. Sys-
temic inflammatory indicators, including the proportion of 
neutrophils to platelets, lymphocyte ratio, and NK cell count, 
may be reliable predictors of SBRT outcomes [90].

Finally, the immune function of specific patients may 
be related to iRT benefits. For iRT to exert its downstream 
effects, adequate immune function, particularly lymphocyte 
function, is essential. Data from small-scale, less-reliable 
data sets have demonstrated that patients with insufficient 
immune function (such as those with lymphocytopenia) are 
less likely to benefit from iRT [63, 91].

In general, selecting suitable patients can improve iRT 
effectiveness. Moreover, several clinical and pathological 
factors facilitate patient selection for iRT, thereby improving 
treatment efficacy and NSCLC prognosis.

Future directions

According to most preclinical and clinical trials reported 
thus far, RT combined with ICIs is a promising option for 
NSCLC treatment. Currently, many clinical studies have 
explored various therapeutic approaches, such as using dif-
ferent dosages and fractionation schemes, along with bio-
markers and techniques for patient selection. Future clinical 
trials providing conclusive evidence for the beneficial effects 
of combined therapy in NSCLC are required. RT is a bet-
ter choice for personalized cancer vaccination, which can 
be applied to a wide range of populations and tumor types. 
Moreover, studies on different RT modes, such as SBRT, 
high-linear-energy transfer RT, charged particle therapy, and 
high-dose-rate brachytherapy, are underway [92].

Clinical trials exploring newer RT treatments have also 
been reported; with the emergence of newer RT modes, 
studies have compared the immune regulation outcomes of 
FLASH RT with heavy ion beams with those of photon-
beam RT in [53]. According to Brooks et al. [93], the maxi-
mum abscopal effect may be achieved by irradiating more 
than one lesion because this technique may address tumor 
heterogeneity, metastatic lesion clonality, and differences in 
lesion immunogenicity or local immunosuppressive effects, 
as well as reduce tumor burden. Multisite RT combined with 
ICIs can enhance anticancer efficacy in patients with meta-
static NSCLC [94]; however, relevant clinical research is 
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required. RT application and research have broad prospects: 
evidence over 2012–2022 has indicated that RT and immu-
notherapy simultaneously act on solid tumors, including 
NSCLC. Nevertheless, many relevant studies are ongoing; 
therefore, additional evidence supporting iRT use in NSCLC 
may be reported over the next few years.

Conclusion

In this review, we listed and discussed studies on the efficacy 
and safety of several iRT strategies for NSCLC treatment. 
The results indicated that immunotherapy after RT leads 
to optimal efficacy in patients with NSCLC. Moreover, its 
safety depends on the ICI type, dose, and frequency. Fur-
thermore, LDI, an emerging method, can resolve the mech-
anism-related limitations of high-dose RT, as part of the 
iRT paradigm. Finally, the optimal dosing schedule for RT 
in combination with ICIs may depend on the type of ICI. In 
summary, strategies for improving iRT efficacy and safety in 
a wider range of patients with NSCLC warrant development.
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