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Background: Treatment of radiotherapy (RT) combined with immune checkpoint inhibitor (ICI) may 
remarkably improve the prognosis in patients with metastatic non-small cell lung cancer (NSCLC). 
However, the treatment time of RT, irradiated lesion and the optimum combined scheme, have not been 
fully determined.
Methods: Data regarding overall survival (OS), progression-free survival (PFS), treatment response, and 
adverse events of 357 patients with advanced NSCLC treated with ICI alone or in combination with RT 
prior to/during ICI treatment were retrospectively collected. Additionally, subgroup analyses for radiation 
dose, time interval between RT and immunotherapy, and number of irradiated lesions were performed.  
Results: Median PFS of the ICI alone and ICI + RT groups was 6 and 12 months, respectively (P<0.0001). 
The objective response rate (ORR) and disease control rate (DCR) were significantly higher in the ICI + 
RT group than in the ICI alone group (P=0.014; P=0.015, respectively). However, OS, the distant response 
rate (DRR), and the distant control rate (DCRt) did not differ significantly between the groups. Out-of-
field DRR and DCRt were defined in unirradiated lesions only. Compared with RT application prior to ICI, 
its application concomitant with ICI led to higher DRR (P=0.018) and DCRt (P=0.002). Subgroup analyses 
revealed that single-site, high biologically effective dose (BED) (≥72 Gy), planning target volume (PTV) 
size (<213.7 mL) RT groups had better PFS. In multivariate analysis, PTV volume [≥213.7 vs. <213.7 mL: 
hazard ratio (HR), 1.89; 95% confidence interval (CI): 1.04–3.42; P=0.035] was an independent predictor of 
immunotherapy PFS. Additionally, radio-immunotherapy increased the incidence rate of grade 1–2 immune-
related pneumonitis compared with ICI alone.
Conclusions: Combination therapy using ICIs and radiation may improve PFS and tumor response rates 
in advanced NSCLC patients regardless of programmed cell death 1 ligand 1 (PD-L1) level or previous 
treatments. However, it may increase the incidence of immune-related pneumonitis.
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Introduction

The rapid advancement of immunotherapy has led to 
the development of immune checkpoint inhibitors (ICIs) 
targeting programmed cell death 1 (PD-1)/programmed 
cell death 1 ligand 1 (PD-L1) expression, which have 
demonstrated promising therapeutic effects. PD-1/PD-
L1 inhibitors, including pembrolizumab and atezolizumab, 
have been recommended as the first-line treatment for 
patients with advanced non-small cell lung cancer (NSCLC) 
exhibiting high PD-L1 expression (1-3). KEYNOTE-024 
study demonstrated that the 5-year overall survival 
(OS) rate of patients with advanced NSCLC (with high 
PD-L1 expression) who received immunotherapy was 
approximately doubled (31.9% vs. 16.3%) compared with 
that of patients who received chemotherapy (4). However, 
the efficacy of ICIs remains controversial because effective 
antitumor activity can only be observed in patients sensitive 
to the drugs, which have been reported in the minority 
(17–48%) (2,5). Therefore, exploring the means to 
improve the systemic efficacy of ICIs remains an important 
research topic (6-8). One of the interesting research areas is 
immunoradiotherapy (iRT), which involves a combination 
of ICIs and radiotherapy (RT) (9-11).

Ample mechanistic evidence suggests that RT can 
enhance the immune response (12-15), which can be 
attributed mainly to its in-situ tumor vaccination effect 

and distant effect. RT leads to the release of antigens to 
the whole body from the primary tumor tissue, which are 
recognized by antigen-presenting cells (e.g., dendritic cells), 
and these cells finally present the antigens to T lymphocytes 
(especially cytotoxic CD8+ T cells). Therefore, RT can turn 
cold tumors into hot and inflamed tumors and enhance anti-
PD-1/PD-L1 immune response (e.g., increase in capillary 
permeability and promotion of PD-L1 expression in 
tumor cells). The results of several clinical trials, including 
PACIFIC, have demonstrated that iRT has a promising 
impact on patients with specific types of cancer (9-11,16-19). 
For patients with metastatic NSCLC, clinical supporting 
evidence is available for the use of RT in combination with 
immunotherapy (13). In the PEMBRO-RT trial, although 
no significant difference was observed in the remission 
rate between the pembrolizumab combined with RT 
group and the pembrolizumab alone group (36% vs. 18%, 
P=0.07) (20), a pooled analysis of two randomized trials by 
Theelen et al. showed that RT along with pembrolizumab 
immunotherapy could significantly improve the response 
and prognosis of patients with metastatic NSCLC (12). 
For locally advanced non-metastatic cases, the randomized 
PACIFIC trial demonstrated the efficacy of RT with 
subsequent immunotherapy (21). Two retrospective studies 
with a small sample size have shown that the combination 
of RT and nivolumab immunotherapy can improve OS and 
progression-free survival (PFS) without increasing acute 
toxicity in patients with advanced NSCLC (22,23). The data 
so far is compelling and supports the need for additional 
research into combination treatment schedules.

A review by Li et al. (24) showed that the incidence of 
immune-associated or radiation-induced pneumonia was 
higher in patients with advanced NSCLC who received 
combined iRT. A study by Bang et al. (25) reported high 
overall toxicity after RT within 14 days of ICI treatment. 
Although extensive attention has been paid to the strategy 
of RT combined with ICIs in recent years, the efficacy and 
safety of PD-1/PD-L1 inhibitors combined with RT in 
NSCLC treatment remain to be investigated.

This retrospective study was conducted to investigate 
the efficacy and safety of ICI monotherapy or combined 
iRT in patients with advanced NSCLC in the real-world 
clinical setting and to explore independent predictors for 
the efficacy of RT combined with immunotherapy and the 
incidence of immune-related pneumonitis associated with 
this treatment strategy. We present this article in accordance 
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-22-1685/rc).

Highlight box

Key findings
• In clinical practice, combination therapy using immune checkpoint 

inhibitors (ICIs) and radiation may improve progression-free 
survival (PFS) and tumor response rates in advanced non-small cell 
lung cancer (NSCLC) patients and radiotherapy concurrent with 
ICI can boost the distant effect.

What is known and what is new? 
• Ample mechanistic evidence suggests that radiotherapy can 

enhance the immune response.
• In clinical practice, radiotherapy concurrent with ICI can boost 

the distant effect; Subgroup analyses revealed that single-site, high 
biologically effective dose (BED) (≥72 Gy), planning target volume 
(PTV) size (<213.7 mL) radiotherapy groups had better PFS. In 
multivariate analysis, PTV size was an independent predictor of 
immunotherapy PFS. 

What is the implication, and what should change now? 
• More prospective and external cohort validations are required to 

confirm the results of the present study.

https://jtd.amegroups.com/article/view/10.21037/jtd-22-1685/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-1685/rc
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Methods

Participants

Patients treated with immunotherapy were retrospectively 
collected from Shandong Cancer Hospital between 
September 2018 and March 2020. The last follow-up and 
data collection were by June 2022. The inclusion criteria 
were as follows: (I) patients histologically or cytologically 
diagnosed with unresectable stage III/IV NSCLC; (II) 
patients with at least one evaluable target lesion (except 
those with uncontrolled brain metastases) according to 
Response Evaluation Criteria In Solid Tumours (RECIST, 
version 1.1); (III) patients who had undergone at least one 
efficacy evaluation during treatment. (IV) patients with 
wild-type epidermal growth factor receptor (EGFR) and 
anaplastic lymphoma kinase tumors met the inclusion 
criteria regardless of the type of PD-1/PD-L1 inhibitor 
used. The exclusion criteria were as follows: (I) patients 
pathologically diagnosed with small cell lung cancer 
(SCLC); (II) patients previously treated with a PD-1 
inhibitor, PD-L1 inhibitor. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the ethics board of 
Shandong Cancer Hospital Affiliated to Shandong First 
Medical University (No. SDTHEC2022011004) and 
individual consent for this retrospective analysis was waived.

The following patient data were collected from the 
medical records: age; sex; number of prior systemic 
chemotherapies; histological type; PD-L1 expression; 
EGFR mutation; smoking history; presence or absence 
of liver disease; presence of bone and brain metastases; 
previous treatments; treatment response; characteristics 
of RT; and laboratory results including hematology, blood 
biochemistry, and liver and kidney function tests.

PD-L1 expression on tumor cells was assessed through 
immunohistochemistry by utilizing the anti-PD-L1 clone 
22C3 from Dako®. Histologic slides containing a minimum 
of 100 tumor cells. In total, 67.4% (29/43) patients had 
EGFR sensitizing mutations (such as exon 19 deletion, exon 
21 L858R, L861Q or L861R, exon 20 S786I, and T790M 
mutations). 

Treatments

Of the total patients, 155 were treated with anti-PD-
(L)1 alone (ICI-alone group) and 202 were treated with 
anti-PD-(L)1 in combination with RT (ICI + RT group), 
209 received chemotherapy. The types of ICIs are shown 

in Table S1. Of the 202 (56.6%) patients who received 
combination therapy, 160 (79.2%) were treated with RT prior 
to immunotherapy, 42 (20.8%) were treated concomitantly 
with RT and immunotherapy. Of the 155 (43.4%) patients 
who received immunotherapy alone, treatment was given 
until disease progression, severe toxicity, or death. 

The patients received conventional fractionated RT or 
stereotactic RT. The single dose of conventional fractionated 
RT ranged from 1.23 to 4 Gy, and the number of fractions 
ranged from 10 to 38 fractions. The single dose of stereotactic 
RT ranged from 5 to 8 Gy, and the number of fractions 
ranged from 3 to 10 fractions. Treatment was given once 
daily, five times a week. The median biologically effective 
dose (BED) was 72 Gy, ranging from 12 to 175 Gy, with a 
total dose of 21–70 Gy. The median planning target volume 
(PTV) size was 213 mL, ranging from 9.9–2,148.0 mL. 
The duration of RT ranged from 5–49 days. The BED was 
calculated using the basic BED model in the literature (26),  
which takes into account the beam on time and the 
prescribed dose, and different alpha/beta ratio for different 
histological classes.

Outcomes

All patients were followed-up from September 2018 to 
March 2020 for survival until death or loss to follow-up. 
PFS and OS were measured as the time period between 
the start of treatment and documented disease progression 
and death owing to any cause, respectively. Tumor control 
included complete response (CR) and partial response (PR), 
both of which were classified as achieving objective response 
rate (ORR). We also used the disease control rate (DCR) 
included stable disease (SD), PR, and CR. The rates of in-
field objective response (ifORR) and in-field disease control 
(ifDCR) were defined in irradiated lesions only. In contrast, 
the rates of out-of-field objective response [distant response 
rate (DRR)] and out-of-field disease control [distant control 
rate (DCRt)] were assessed in unirradiated lesions. 

Treatment efficacy was evaluated through imaging every 
6 weeks during the course of treatment. Patients underwent 
imaging evaluations after completing RT but while still on 
immunotherapy. According to Response Evaluation Criteria 
In Solid Tumours (RECIST; v. 1.1), magnetic resonance 
imaging (MRI) or computed tomography (CT) scans of the 
brain, neck, chest, and abdomen for all patients were assessed 
by at least two associate chief physicians or higher-level 
imaging specialists and one oncologist for a comprehensive 
evaluation of the patient’s overall health status.

https://cdn.amegroups.cn/static/public/JTD-22-1685-Supplementary.pdf
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The enrolled patients underwent laboratory assessments 
(including hematology, blood biochemistry, and liver and 
kidney function tests) before each treatment cycle. Adverse 
events (AEs) were graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(NCI-CTCAE version 5.0). Assessments were performed 
by at least three independent medical professionals.

Statistical analyses

Associations between variables and PFS or OS were 
analyzed using Kaplan-Meier survival curves, the log-rank 
test, and univariate or multivariate Cox regression models. 
Multivariate hazard ratios (HRs) were estimated using 
a stratified Cox regression model, and 95% confidence 
intervals (CIs) were calculated using the Brookmeyer-
Crowley method. A Spearmen correlation was performed 
firstly to make sure that all the factors included in the 
multivariate analysis were not strongly correlated each 
other. Subgroup analyses were performed by estimating 
unstratified HRs using a Cox proportional hazards model. 
Univariate and multivariate analyses were conducted using 
logistic regression models to assess the risk factors for 
immune-related pneumonitis. Analyses were performed 
using IBM SPSS Statistics 23.0 software. Categorical 
variables were compared by using the chi-square test. A 
two-tailed P value of <0.05 was considered significant.

Results

Clinicopathologic features and outcomes

In total, 1,213 patients who treated with immunotherapy 
between September 2018 and March 2020 were screened in 
a procedure. Of the 1,213 patients, 439 were diagnosed with 
lung cancer, 45 were diagnosed with SCLC, and 37 who did 
not have complete treatment records were excluded from 
the study. A total of 357 patients were ultimately enrolled in 
this study. The 357 patients were divided into the ICI + RT 
group (n=202) and the ICI alone group (n=155).

Table 1 presents the baseline characteristics of the 
357 patients enrolled in the study. Median PFS was  
6.0 months with immunotherapy alone and 12.0 months with 
immunotherapy plus RT (HR, 0.535; 95% CI: 0.402–0.713; 
P<0.0001) (Figure 1A). A trend of prolonging OS with 
combination therapy was found; however, the difference was 
not statistically significant between the groups (ICI + RT 
vs. ICI alone: HR, 0.746; 95% CI: 0.494–1.128; P=0.130) 

Table 1 Patient and cancer characteristics

Characteristics ICI + RT (n=202)
ICI alone 
(n=155)

P value

Age, mean ± SD (years) 57.54±10.00 58.50±11.46 0.950

Gender, n (%) 0.543

Male 153 (75.7) 113 (72.9)

Female 49 (24.3) 42 (27.1)

Smoking status, n (%) 0.241

Never-smoker 103 (51.0) 69 (44.5)

Former/active smoker 99 (49.0) 86 (55.5)

Tumor histology, n (%) 0.490

Adenocarcinoma 110 (54.5) 96 (61.9)

Squamous carcinoma 88 (43.6) 55 (35.5)

NSCLC 3 (1.5) 3 (1.9)

Others† 1 (0.5) 1 (0.6)

Metastatic sites, n (%) 0.105

Bone 50 (24.8) 43 (27.7)

Lung/pleura 39 (19.3) 43 (27.7)

Brain 39 (19.3) 20 (12.9)

Local lymph nodes 27 (13.4) 17 (11.0)

Adrenal glands 21 (10.4) 11 (7.1)

Liver 23 (11.4) 19 (12.3)

Others‡ 13 (6.4) 6 (3.9)

EGFR, n (%) 0.556

Mutation 14 (6.9) 15 (9.7)

Wild-type 9 (4.5) 5 (3.2)

Unknown 179 (88.6) 135 (87.1)

PD-L1, n (%) 0.056

<1% 7 (3.5) 6 (3.9)

1–49% 9 (4.5) 6 (3.9)

≥50% 5 (2.5) 16 (10.3)

Unknown 181 (89.6) 127 (81.9)

Line of ICI treatment 0.002

1 38 (18.8) 63 (40.6)

≥2 164 (81.2) 92 (59.4)

†, 1 adenosquamous carcinoma (ICI alone); 1 sarcomatoid carcino-
ma (ICI + RT); ‡, 6 soft tissues, 2 peritoneum, 2 kidney, 2 pericardi-
um, 1 spleen (ICI alone); combination: 2 pancreases, 2 kidneys,1 oo-
phoron, 1 pericardium (ICI + RT). ICI, immune checkpoint inhibitor; 
NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor 
receptor; PD-L1, programmed cell death 1 ligand 1; RT, radiothera-

py; SD, standard deviation.
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(Figure 1B). The ICI + RT group exhibited a significantly 
higher ORR than the ICI alone group (30.2% vs. 18.7%; 
P=0.014). DCR also differed significantly between the 
groups and was higher in the ICI + RT group (82.2% vs. 
71.0%; P=0.015) (Figure 2A).

No significant differences were observed in the DRR and 
DCRt between the ICI + RT group and ICI alone group 
(19.8% vs. 18.7%, P=0.893 and 71.3% vs. 71.0%, P=1.000, 
respectively) (Figure 2B). Regarding the distant effect of 
the RT group, the effects of prior ICI application and 
concomitant ICI application in terms of DRR and DCRt 
was compared; results are presented in Figure 2C. Best DRR 
was significantly higher with concomitant ICI application 
than with prior ICI application (33.3% vs. 16.3%; OR, 
2.58; 95% CI: 1.20–5.55; P=0.018). Best DCRt was also 

significantly higher with concomitant ICI application than 
with prior ICI application (90.5% vs. 66.2%; OR, 4.84: 
95% CI: 1.64–14.27; P=0.002).

Univariate and multivariate analyses for PFS 

In univariate analysis, sex (male and female: HR, 0.72; 
P=0.042), Karnofsky Performance Status (KPS) (≤80 and 
>80: HR, 0.72; P=0.029), treatment (RT and non-RT, 
HR: 0.54; P<0.001), regional lymph node metastasis (HR, 
1.86; P=0.001), and local recurrence (recurrence and non-
recurrence: HR, 1.56; P=0.032) were identified as the 
significant factors (Table 2). Spearmen correlation coefficient 
among variables ranges from −0.045 to 0.439, and there is no 
strong correlation between any pair of independent variables.
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Figure 1 Outcomes of patients with advanced lung cancer treated with ICI alone or ICI + RT. (A) PFS in patients treated with 
immunotherapy alone (n=155) or in combination with prior or concurrent RT (n=202) (hazard ratio: 0.535, 95% CI: 0.402–0.713; 
P<0.0001). (B) OS in patients treated with immunotherapy alone (n=155) or in combination with prior or concurrent RT (n=202) (hazard 
ratio: 0.746, 95% CI: 0.494–1.128; P=0.130). CI, confidence interval; ICI, immune checkpoint inhibitor; OS, overall survival; PFS, 
progression-free survival; RT, radiotherapy.
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Table 2 Univariate and multivariate analyses for progression-free survival

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) – –

<60 1.00 (ref.)

≥60 0.87 (0.65–1.15) 0.323

Gender

Female 1.00 (ref.) 1.00 (ref.)

Male 0.72 (0.53–0.99) 0.042 0.78 (0.57–1.07) 0.12

Never-smoker – –

Never smoker 1.00 (ref.)

Current/former 0.94 (0.71–1.25) 0.668

KPS

≤80 1.00 (ref.) 1.00 (ref.)

>80 0.72 (0.54–0.97) 0.029 0.65 (0.49–0.88) 0.005

Histological features – –

Squamous cell carcinoma 1.00 (ref.)

Adenocarcinoma 1.08 (0.34–3.44) 0.891

Others 1.30 (0.41–4.10) 0.652

Treatment regimen

ICI 1.00 (ref.) 1.00 (ref.)

ICI + RT 0.54 (0.40–0.71) <0.001 0.52 (0.39–0.70) <0.001

Line of ICI treatment – –

1 1.00 (ref.)

≥2 1.13 (0.83–1.54) 0.442

Metastatic sites – –

Multiple metastasis 1.00 (ref.)

Oligometastasis 1.01 (0.68–1.48) 0.958

Local recurrence

Yes 1.00 (ref.) 1.00 (ref.)

No 1.56 (1.04–2.35) 0.032 1.46 (1.26–2.83) 0.1

Local lymph nodes

Metastasis 1.00 (ref.) 1.00 (ref.)

Non-metastasis 1.86 (1.29–2.68) 0.001 1.89 (1.26–2.83) 0.002

PD-L1 status (%) – –

<1 1.00 (ref.)

≥1 0.81(0.35–1.86) 0.619

CI, confidence interval; HR, hazard ratio; ICI, immune checkpoint inhibitor; KPS, Karnofsky Performance Status; PD-L1, programmed cell 
death 1 ligand 1; RT, radiotherapy.
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Table 3 Treatment modalities

Characteristics Radiotherapy (n=202)

Age (years)

>60 109 (54.0)

≤60 93 (46.0)

Male gender

Male 153 (75.7)

Female 49 (24.3)

Smoking status

Never smoker 103 (51.0)

Current/former 99 (49.0)

Histological features

Adenocarcinoma 110 (54.5)

Squamous cell carcinoma 88 (43.6)

Others 4 (2.0)

PD-L1 status

<1 7 (3.5)

≥1 14 (6.9)

Unknown 181 (89.6)

KPS

≤80 114 (56.4)

>80 88 (43.6)

BED (Gy) 72 [12–175]

PTV size (Gy) 213 [9.9–2,148.0]

Total dose (Gy) 54 [10–70]

Number of fractions (Gy) 25 [3–38]

Dose per fraction (Gy) 2 [1.23–8]

Duration of radiotherapy (day) 32 [5–49]

Irradiated lesion

Singe irradiated site 133 (65.8)

Multiples irradiated site 59 (29.2)

Time interval between radiotherapy and immunotherapy

>6 months 98 (48.5)

≤6 months 100 (49.5)

Timing of radiotherapy

Prior application to ICI 160 (79.2)

Concomitant with ICIs 42 (20.8)

Table 3 (continued)

Table 3 (continued)

Characteristics Radiotherapy (n=202)

Type of radiation

Traditional RT 191 (94.6)

SBRT 11 (5.4)

Data are presented as n (%) or median [range]. BED, biological 
effective dose; ICI, immune checkpoint inhibitor; KPS, Karn-
ofsky Performance Status; PD-L1, programmed cell death 1 
ligand 1; PTV, planning target volume; RT, radiotherapy; SBRT, 
stereotactic body radiotherapy.

The multivariate Cox regression analysis of PFS showed 
that combination with RT (HR, 0.52; 95% CI: 0.39–0.70; 
P<0.001), KPS (HR, 0.65; 95% CI: 0.49–0.88; P=0.005), 
and regional lymph node metastasis before treatment (HR, 
1.89; 95% CI: 1.26–2.83; P=0.002) were the significant 
factors (Table 2).

Univariate and multivariate analyses for PFS in the RT 
subgroup 

Of the 357 patients, 202 (56.6%) received immunotherapy in 
combination with RT, including pre-immune or intra-immune 
RT. The characteristics of RT are shown in Table 3. A statistical 
analysis of the RT subgroup was performed to compare the 
outcomes of patients with different baseline values of BED, 
number of irradiated lesions, PTV size, and RT interval below 
or above the respective pre-established cut-off value. PFS was 
obtained for each RT characteristic (Figure 3). 

In the univariate analysis, a high BED (≥72 vs. <72: HR,  
0.78;  95% CI: 0.51–1.19;  P=0.25) and a low RT-
immunotherapy interval (≤6 vs. >6 months: HR, 0.84; 95% 
CI: 0.56–1.27; P=0.415) showed better efficacy but without 
statistical significance. The number of irradiated lesion 
(singe irradiated site vs. multiples irradiated site: HR, 0.54; 
95% CI: 0.35–0.84; P=0.006), PTV volume (≥213.7 vs. 
<213.7 mL: HR, 1.97; 95% CI: 1.14–3.39; P=0.015), gender 
(male vs. female: HR, 1.51; 95% CI: 0.95–2.4; P=0.083) 
were significantly correlated with PFS (Table 4). Values of 
correlation coefficient range between −0.138 and 0.049, 
and there is no strong correlation between any pair of 
independent variables.

Subsequently, three variables with P values <0.1 in 
the univariate analysis were included in the multivariate 
analysis, and it was found that only PTV volume (≥213.7 vs. 
<213.7 mL: HR, 1.89; 95% CI: 1.04–3.42; P=0.035) could 
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serve as an independent predictor for immunotherapy PFS 
(Table 4).

Onset, frequency, and CTCAE grade of AEs

Details of treatment-related AEs are presented in Table 5.  
Immune-related AEs were observed in 137 (38.4%) 
patients, of which 86 (42.6%) were in the ICI + RT group 
and 51 (32.9%) were in the ICI alone group (P=0.079). The 
main AEs included pneumonitis [36 (17.8%) patients in 
the ICI + RT group vs. 12 (7.7%) patients in the ICI alone 
group; P=0.007], hepatic insufficiency [24 (11.9%) vs. 9 
(5.8%); P=0.064], hypothyroidism (13 (6.4%) vs. 10 (6.5%); 
P=1.000), and renal insufficiency [4 (2.0%) vs. 1 (0.6%); 
P=0.393] (Table 4). Overall, 35 (9.8%) patients experienced 
grade 3 or worse AEs [25 (12.4%) in the ICI + RT group 
and 10 (6.5%) in the ICI alone group; P=0.062]. 

Among all AEs, the incidence of only pneumonia differed 
significantly between the groups (P=0.007). However, 
the incidence of CTCAE ≥3 pneumonia [11 (5.4%) vs. 5 
(3.2%); P=0.440] did not differ significantly (Table 4). In 
the pneumonitis cohort (n=48), 36 (75.0%) patients received 

RT, of which 22 (45.8%) received thoracic RT and 14 
(29.2%) received non-thoracic RT (Table 6). The incidence of 
pneumonitis in the ICI + RT group was higher than that in 
the ICI alone group (P=0.007). According to our observation, 
non-thoracic RT increased the risk of pneumonitis compared 
with immunotherapy alone (P=0.006).

Risk factors for immune-related pneumonitis

The results of the logistic regression analysis for immune-
related pneumonitis (IRP) are presented in Table 7. In 
univariate analysis, age (≥60 vs. <60 years: HR, 2.04; 
95% CI: 1.08–3.87; P=0.029) and prior or concomitant 
application of RT (yes vs. no: HR, 2.58; 95% CI: 1.30–5.16; 
P=0.007) were identified as the significant factors for 
IRP. Values of correlation coefficient is −0.049 and there 
is no strong correlation between any pair of these two 
independent variables.

In multivariate analysis, age (HR, 1.98; 95% CI: 1.04–
3.79; P=0.038) and prior or concomitant application of RT 
(HR, 2.53; 95% CI: 1.26–5.06; P=0.009) were found to be 
independently associated with IRP (Table 7).
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Figure 3 PFS for each RT characteristic. (A) PFS in patients with RT administered at a single site and multiple sites. (B) PFS in patients 
with the RT interval of ≤6 and >6 months. (C) PFS in patients with the PTV size of ≥213.7 and <213.7 mL. (D) PFS in patients with the 
BED of ≥72 and <72 Gy. BED, biologically effective dose; PFS, progression-free survival; PTV, planning target volume; RT, radiotherapy.
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Table 4 Univariate and multivariate analyses for progression-free survival in the radiotherapy subgroups

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) – –

≥60 1.00 (ref.)

<60 0.76 (0.51–1.13) 0.169

Gender

Male 1.00 (ref.) 1.00 (ref.)

Female 1.51 (0.95–2.41) 0.083 0.89 (0.44–1.84) 0.766

Smoking status – –

Never smoker 1.00 (ref.)

Current/former 0.85 (0.57–1.28) 0.44

Histological features – –

Adenocarcinoma 1.00 (ref.)

Squamous cell carcinoma 0.75 (0.50–1.12) 0.159

Others 0.85 (0.12–6.15) 0.869

PD-L1 status (%) – –

<1 1.00 (ref.)

≥1 0.76 (0.49–1.20) 0.246

KPS – –

≤80 1.00 (ref.)

>80 0.85 (0.57–1.27) 0.42

PTV size (mL)

<213.7 1.00 (ref.) 1.00 (ref.)

≥213.7 1.97 (1.14–3.39) 0.015 1.89 (1.04–3.42) 0.035

BED (Gy) – –

<72 1.00 (ref.)

≥72 0.78 (0.51–1.19) 0.25

No. of irradiated lesion

Multiples irradiated site 1.00 (ref.) 1.00 (ref.)

Singe irradiated site 0.54 (0.35–0.84) 0.006 0.63 (0.35–1.11) 0.628

Time interval between radiotherapy and immunity – –

>6 months 1.00 (ref.)

≤6 months 0.84 (0.56–1.27) 0.415

Type of radiation – –

Traditional RT 1.00 (ref.)

SBRT 0.98 (0.40–2.43) 0.979

BED, biological effective dose; CI, confidence interval; HR, hazard ratio; ICI, immune checkpoint inhibitor; KPS, Karnofsky Performance 
Status; PD-L1, programmed cell death 1 ligand 1; PTV, planning target volume; RT, radiotherapy; SBRT, stereotactic body radiotherapy.
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Discussion

Our results suggest that the patients who received RT 
prior to or concurrent with ICIs for advanced NSCLC had 
significantly higher PFS and tumor response rates than 
those who had not received RT, which also increased the 
incidence rate of grade 1–2 IRP in the patients. 

Abscopal effect is the most significant systemic immune 
response caused by radiation therapy, wherein radiation 
to a metastatic tumor site can cause anti-tumor immune 
response in distant nonirradiated tumor sites. Previous 
studies have shown that RT combined with immunotherapy 
can increase the abscopal effect (27). This special effect 
has rarely been reported in patients with thoracic tumor 

treated with RT alone, as well as with the combination of 
RT and other types of immunotherapy (28). Data from 
large randomized trials are lacking to date. Abscopal effect 
refers generally to distant effect related to the immune 
impact of RT, and we cannot distinguish between abscopal 
effects and tumor regression caused by immunotherapy in 
a retrospective study. Consequently, we replace “abscopal” 
with “distant” in the entire manuscript. This analysis, which 
included RT for intrathoracic diseases and metastasis, 
proved that the distant effect is related to the combination 
of RT with immunotherapy. 

In the PEMBRO-RT trial (20), no differences in 
response rates were observed between the pembrolizumab 

Table 5 Incidence and grade of treatment-related adverse events 

Characteristics
Any grade, n (%) Grade 3+, n (%)

ICI + RT (n=202) ICI alone (n=155) P value ICI + RT (n=202) ICI alone (n=155) P value

All AEs 86 (42.6) 51 (32.9) 0.079 25 (12.4) 10 (6.5) 0.073

Pneumonitis 36 (17.8) 12 (7.7) 0.007 11 (5.4) 5 (3.2) 0.440

Hepatic insufficiency 24 (11.9) 9 (5.8) 0.064 7 (3.5) 2 (1.3) 0.309

Renal insufficiency 4 (2.0) 1 (0.6) 0.393 – – –

Hypothyroidism 13 (6.4) 10 (6.5) 1.000 3 (1.5) 3 (1.9) 1.000

Myocarditis 1 (0.5) 1 (0.6) 1.000 – – –

Diarrhea 8 (4.0) 10 (6.5) 0.333 3 (1.5) 1 (0.6) 0.636

Fatigue 11 (5.4) 6 (3.9) 0.619 – – –

Decreased appetite 6 (3.0) 1 (0.6) 0.144 – – –

Rash/pruritus 1 (0.5) 2 (1.3) 0.583 0 (0.0) 1 (0.6) 0.434

CCEP 1 (0.5) 1 (0.6) 1.000 – – –

AEs, adverse events; CCEP, cutaneous capillary endothelial proliferation; ICI, immune checkpoint inhibitor; RT, radiotherapy. 

Table 6 Incidence and grade of pneumonitis in the immunotherapy alone and immunotherapy plus radiotherapy groups 

Pneumonitis
All patients  

(n=357), n (%)

ICI + RT (n=202), n (%) ICI alone  
(n=155), n (%)Total (n=202) Thoracic radiotherapy (n=130) Non-thoracic radiotherapy (n=65)

Total 48 (13.4) 36 (17.8) 22 (16.9) 14 (21.5) 12 (7.7)

Grade 1 19 (39.6) 15 (41.7) 9 (40.9) 6 (42.9) 4 (33.3)

Grade 2 13(27.1) 10 (27.8) 5 (22.7) 5 (35.7) 3 (25.0)

Grade 3 15 (31.3) 10 (27.8) 7 (31.8) 3 (21.4) 5 (41.7)

Grade 4 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Grade 5 1 (2.1) 1 (2.8) 1 (4.5) 0 (0.0) 0 (0.0)

ICI, immune checkpoint inhibitor; RT, radiotherapy.
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Table 7 Univariate and multivariate analyses for the risk factors for immune-related pneumonitis

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (years)

<60 1.00 (ref.) 1.00 (ref.)

≥60 2.04 (1.08–3.87) 0.029 1.98 (1.04–3.79) 0.038

Gender – –

Female 1.00 (ref.)

Male 0.74 (0.35–1.56) 0.428

Never-smoker – –

Never smoker 1.00 (ref.)

Current/former 1.01 (0.55–1.86) 0.969

KPS – –

≤80 1.00 (ref.)

>80 1.50 (0.81–2.77) 0.197

Histological features – –

Squamous cell carcinoma 1.00 (ref.)

Adenocarcinoma 1.10 (0.13–9.75) 0.906

Others 1.01 (0.13–8.92) 0.960

Treatment regimen

ICI 1.00 (ref.) 1.00 (ref.)

ICI + RT 2.58 (1.30–5.16) 0.007 2.53 (1.26–5.06) 0.009

Line of ICI treatment – –

1 1.00 (ref.)

≥2 0.85 (0.44–1.64) 0.625

CI, confidence interval; HR, hazard ratio; ICI, immune checkpoint inhibitor; KPS, Karnofsky Performance Status; RT, radiotherapy.

plus RT group and pembrolizumab alone group (36% vs. 
18%; P=0.07), and subgroup analyses indicated that the 
patients with PD-L1-negative tumors received maximum 
benefits from the addition of RT (22% vs. 4%; P=0.14). In 
the MDACC trial (13), no differences in outcomes were 
noted between groups (median PFS: 5.1 months with 
immunotherapy alone vs. 9.1 months with immunotherapy 
plus RT; P=0.52); however, immunotherapy in combination 
with RT of 50 Gy in four fractions seemed more effective 
in terms of response rate (38% vs. 10%; P=0.11) and PFS 
(20.8 vs. 6.8 months; P=0.03). Herrera et al. also discussed 
that a combination of low-dose radiation therapy and 
immunotherapy can activate both the innate and adaptive 
immune system, when applied to all lesions (29). The 

results of a randomized phase I/II trial investigating the 
treatment of lung and liver lesions in NSCLC patients 
have demonstrated that combining pembrolizumab with 
hypofractionated stereotactic body RT (SBRT) (50 Gy 
in 4 fractions) yields better out-of-field ORRs and longer 
PFS than combining pembrolizumab with traditional 
RT (45 Gy in 15 fractions). These findings suggest that 
hypofractionated RT may be more effective in coordinating 
the effects of immunotherapy (13). The findings of the 
present retrospective study are in concordance with those of 
a pooled analysis of two randomized trials by Theelen et al., 
which found that RT in combination with pembrolizumab 
immunotherapy could significantly improve the response 
rate and prognosis of patients with metastatic NSCLC (12). 
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A retrospective study in Japan (n=146) failed to detect the 
effect of RT in combination with nivolumab on PFS (HR, 
0.65; 95% CI: 0.37–1.14) (30). However, two retrospective 
studies with a small sample size (n=35 and n=85) have shown 
that the combination of RT and nivolumab can improve OS 
and PFS without increasing acute toxicity in patients with 
advanced NSCLC (22,23).

The current study found that the combination of 
immunotherapy and RT was linked to OS prolongation 
for up to 1 and 2 years, PFS prolongation for up to 1 and  
2 years, and improvement of the ORR and DCR. The 
higher survival benefits and better tumor response rates 
with combination radio-immunotherapy can be attributed 
to the following mechanisms: RT can induce immunogenic 
cell death to produce T cell-specific tumor-associated 
antigen (TAA), increase antigen presentation, release 
chemokines that increase T-cell infiltration in the tumor, 
and improve the recognition and killing effect of cytotoxic 
T lymphocytes and natural killer cells on tumor cells (31). 
On the other hand, after fractionated RT, interferon-γ 
(IFN-γ) produced by CD8+ T cells can upregulate PD-
L1 expression in tumor cells (32,33). So far, numerous 
clinical studies have demonstrated or are investigating the 
synergistic effect of RT and ICIs.

The effects of different RT locations, doses, and 
segmentation schemes on immune enhancement are 
poorly understood. Thus, determining the treatment with 
highest efficacy and safety is challenging. To balance the 
discrepancy and the multiple confounding factors, Cox 
proportional analysis was performed in RT subgroups. As 
there are different fractions among patients, we test the 
median BED rather than the median dose cut-off. The 
results of multivariate analysis showed that the single-site 
and high BED irradiation groups had better PFS. There 
is no consensus on the optimal dose of RT for metastatic 
NSCLC. Single-site RT combined with immunotherapy 
was found to be more beneficial for patients with 
oligometastatic NSCLC who had 1 to 2 metastases, 
according to a recent study (34). 

In addition, PTV size of RT was demonstrated as an 
independent predictor of immunotherapy efficacy, where 
a higher PTV size leads to worse PFS. It has been shown 
in multiple studies that RT could decrease lymphocyte  
count (35). Lymphocytes in the peripheral blood circulation 
are sensitive to radiation, even at low doses. Shiraishi et al. (36)  
found through comparative research that concurrent 
chemoradiotherapy significantly reduced peripheral blood 
lymphocyte counts compared to chemotherapy alone, 

suggesting that lymphocyte reduction during anti-tumor 
treatment is mainly related to radiation. In a retrospective 
analysis, absolute lymphocyte count (ALC) was identified 
as the most relevant baseline parameters associated with 
OS in NSCLC patients treated with ICI (37). In a cohort 
of patients with NSCLC treated with nivolumab in routine 
practice, pretreatment neutrophil to lymphocyte ratio 
(NLR) ≥5 was associated with inferior outcomes (38). 
Therefore, it is possible that the volume of radiation may 
impact lymphocyte blood count, thereby influencing the 
effectiveness of ICI therapy. In the real world, the choice 
of radiation therapy is based on the clinician’s subjectivity 
and safety concerns (considering the size, location, or both 
of the irradiated lesions). More prospective and external 
cohort validations are required to confirm the results of the 
present study.

The sequence of RT and immunotherapy has been 
controversial, and the outcomes of current studies suggest 
that immunotherapy should be initiated as early as possible 
after RT. The phase I trial revealed that concurrent therapy 
with SBRT in stage IV NSCLC patients is as safe as 
sequential therapy, allowing for earlier systemic treatment 
without increased toxicity (39). In the PEMBRO-RT 
study, PFS and OS were significantly prolonged and ORR 
increased by a factor of 1 (P<0.10) when pembrolizumab was 
administered 1 week after SBRT (3×8 Gy) (23). However, 
Schapira et al. (40) found in a retrospective study of advanced 
NSCLC with brain metastases that synchronous PD-1 
inhibitors in brain stereotactic radiosurgery (SRS) provided 
better OS and local control rate than sequential treatment. 
The best combination of RT and immunotherapy remains to 
be further studied to guide clinical diagnosis and treatment.

Conclusions drawn regarding the pulmonary toxicity of 
iRT in patients with NSCLC have been conflicting. Some 
studies have shown that concurrent iRT may not increase 
toxicity (41,42). However, the findings of this retrospective 
study are in concordance with those of a secondary analysis 
of phase I KEYNOTE-001 study, which found that a large 
proportion of patients who had previously received any RT 
experienced pulmonary toxicity after ICIs (43). Results from 
the current study demonstrated that the incidences of mild 
(grade 1–2) pneumonia were significantly higher in patients 
receiving a combination of PD-1/PD-L1 inhibitors and 
RT than in those who received ICI treatment alone. Our 
subgroup analysis showed no significant difference in the 
incidence of pneumonia between the patients who received 
radiation to the chest and those who received radiation for 
metastasis. Nevertheless, striking a balance between the 
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safety and efficacy of iRT remains to be achieved in the 
future.

This study has some limitations. First, AEs may have 
been underestimated, which can be attributed to the 
retrospective nature of the study. Second, expression data 
of PD-L1 were unavailable for 86% of the patients in this 
study, which play a significant role in tumor development 
by suppressing immune system. Biomarkers such as tumor 
mutation burden, NLR, and microsatellite instability 
(MSI) are considered useful in predicting the outcomes. 
To sum up, PD-L1 together with other biomarkers may 
help predict the outcomes of immunotherapy. Third, some 
patients were at later line, while this is the characteristic 
of the real-world setting. A Cox proportional analysis was 
performed in the overall patient population, taking into 
account the number of treatment lines as the confounding 
factor, to balance differences and multiple confounding 
factors. Multivariate analysis showed that PFS was better 
in the ICI + RT group. Additional prospective and external 
cohort validations are needed to confirm the results. Lastly, 
OS did not reach the ideal value, because there was a long 
gap between the diagnosis of the disease and administration 
of immunotherapy, which may have affected the efficacy of 
the drug.

Conclusions

Combination therapy using ICIs and radiation may 
improve PFS and tumor response rates in advanced 
NSCLC patients. When compared with RT applied prior 
to ICI, the application of RT concomitant with ICI led 
to a higher DRR. However, combination therapy using 
radiation and immunotherapy may increase the incidence 
of immune-related pneumonitis. In addition, an excessive 
volume of PTV in RT may negatively affect the efficacy of 
immunotherapy.
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Supplementary

Table S1 ICI drug information

ICIs ICI + RT (n=202), n (%) ICI alone (n=155), n (%)

Sintilimab 94 (46.5) 73 (47.1)

Toripalimab 24 (11.9) 26 (16.8)

Nivolumab 28 (13.9) 10 (6.5)

Pembrolizumab 24 (11.9) 26 (16.8)

Camrelizumab 27 (13.4) 11 (7.1)

Atezolizumab 3 (1.5) 4 (2.6)

Durvalumab 2 (1.0) 0 (0.0)

Tislelizumab 0 (0.0) 5 (3.2)

ICI, immune checkpoint inhibitor; RT, radiotherapy.


