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Background: Immune checkpoint inhibitors (ICIs) have shown high efficacy in lung cancer. Adding ICIs 
to chemoradiation might increase the treatment efficacy, while the application of ICIs or chemoradiation 
alone can induce treatment-related pneumonitis, so whether combination therapy would increase the 
risk of pneumonitis needs careful evaluation. This study aimed to retrospectively analyze the incidence of 
pneumonitis in patients who underwent chemoradiation combined with ICIs compared with chemoradiation 
alone and explore the risk factors of pneumonitis in combination therapy. 
Methods: This was a retrospective cohort study. Patients who received conventional thoracic radiation 
with a minimum total dose of 50 Gy for lung cancer between January 2020 and December 2021 at West 
China Hospital were retrospectively reviewed and followed up for at least 6 months after radiation. Patients 
were divided into two groups according to whether chemoradiation was administered with or without ICIs. 
Pneumonitis was evaluated by chest computed tomography (CT) at least every 2 months in outpatient 
department. The clinical characteristics, including sex, age, smoking history, pathological diagnosis, baseline 
pulmonary disease [including chronic obstructive pulmonary disease (COPD) and interstitial lung disease 
(ILD)], treatment strategy, location of primary tumor and radiological dosimetric parameters were recorded. 
Chi-squared tests or Fisher’s exact tests were performed to analyze the difference between the combination 
group and control group for categorical variables and Mann-Whitney U test for continuous variables. 
Univariate and multivariate analyses were performed by logistic regression.
Results: A total of 152 patients who received chemoradiation were enrolled. The median age was 59 years. 
A total of 115 (75.7%) patients were non-small cell lung cancer (NSCLC), 22 (14.5%) were small cell lung 
cancer (SCLC), and 15 (9.9%) were other pathological types. Among them, 58 received chemoradiation 
combined with ICIs and 94 received chemoradiation alone. The rate of grade ≥2 pneumonitis was 
significantly higher in the combination therapy group (39.7% vs. 22.3%, P=0.028) and was associated with 
the use of ICIs [odds ratio (OR): 2.641, 95% confidence interval (CI): 1.244–5.608, P=0.011] and percent 
volume of the lung receiving ≥30 Gy (V30) (OR: 1.728, 95% CI: 1.214–2.460, P=0.002). The history of 
chronic lung disease was the independent risk factor (OR: 6.359, 95% CI: 1.953–20.705, P=0.002) of grade 
≥3 pneumonitis. In the combination group, univariate and multivariate analyses revealed that V5, V20, 
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Introduction

Lung cancer is one of the leading causes of death 
worldwide. The introduction of immune checkpoint 
inhibitors (ICIs) has represented a milestone in lung 
cancer treatment that significantly improves the overall 
response and survival of lung cancer patients. They were 
recommended to use in advanced stage lung cancer patients 
in combination with chemotherapy or targeted therapy (1). 
But in locally advanced and inoperable non-small cell lung 
cancer (NSCLC) patients, concurrent chemoradiotherapy 
(cCRT) was still standard therapy according to National 
Comprehensive Cancer Network (NCCN) guideline 
version 4, 2023 (2).  The mechanism of ICIs is to 
reinvigorate the function of immune cells by blocking 
immune checkpoints such as programmed cell death protein 
1/programmed cell death ligand 1 (PD-1/PD-L1), cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4), thus in 
turn attacking cancer cells. However, enhanced immune 
activation can also attack healthy tissues, resulting in adverse 

events, including pneumonitis (3,4). Thoracic radiotherapy 
(RT) plays a vital role in the treatment of lung cancer. 
Large-scale clinical trials have shown significant survival 
benefit in patients receiving concurrent or sequential 
chemoradiation followed by ICI (5,6). Considering the 
synergy of chemotherapy, RT and ICI, studies have 
recommended that ICIs are initiated at the beginning of 
chemoradiotherapy. Some clinical trials have explored the 
efficacy and safety of ICI combined with chemoradiotherapy 
(7-9). However, whether chemoradiation combined with 
ICI would increase the risk of pneumonitis requires further 
investigation and the comparison of combination therapy 
and chemoradiation therapy in the real world has not yet 
been reported. In addition, relevant data of Asian patients 
are rare. Anti-PD-1 monoclonal antibody (mAb) and anti-
PD-L1 mAb are the most commonly used ICIs and are 
approved for lung cancer. We retrospectively assessed the 
incidence and risk factors of pneumonitis within 6 months 
in combination therapy of chemoradiation and anti-
PD-1/PD-L1 mAb in the real world and compared them 
with those chemoradiation therapy alone. Our primary 
objectives were to (I) compare the incidence of pneumonitis 
in chemoradiation therapy with or without ICIs and (II) 
identify the risk factors of pneumonitis in the combination 
group. We present this article in accordance with the 
STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-756/rc).

Methods

Patients

We performed a retrospective cohort study to compare 
the incidence of pneumonitis in lung cancer patients who 
received conventional thoracic radiation and chemotherapy 
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with or without anti-PD-1/PD-L1 mAb between January 
2020 and December 2021 at West China Hospital and 
determine the risk factors. A minimum total radiation dose 
of 50 Gy by conventional fraction was an essential inclusion 
criterion. Patients who received chemotherapy combined 
with anti-PD-1/PD-L1 mAb as first line treatment 
concurrent with or sequenced by radical thoracic radiation 
were included in the combination group. Patients who 
received chemotherapy as first line treatment concurrent 
with or followed by thoracic radiation were included in 
the control group. Patients who received stereotactic body 
radiation therapy (SBRT) were excluded because of the 
relatively low risk of lung toxicity due to low irradiation 
volume. Patients who had received anti-PD-1/PD-L1 
mAb after thoracic radiation, a lack of data, and a lack of 
follow-up were also excluded. The clinical characteristics 
were recorded from electronic medical records, including 
sex, age, smoking history, pathological diagnosis, baseline 
pulmonary disease [including chronic obstructive 
pulmonary disease (COPD) and interstitial lung disease 
(ILD)], treatment strategy, and location of primary tumor. 
The radiological dosimetric parameters were also recorded, 
including percent volume of the lung receiving ≥5 Gy (V5), 
percent volume of lung receiving ≥20 Gy (V20), percent 
volume of lung receiving ≥30 Gy (V30), mean lung dose 
(MLD), lung volume, and planning target volume (PTV). 
The sample size calculation was based on previous reports 
estimating the probability of severe pneumonitis to be 7% 
in the chemoradiation group and 15% in the ICIs plus 
chemoradiation group, 1−β=0.8 and α=0.05. A total sample 
size of at least 60 patients was required, with at least 30 
patients in each group. We retrospectively collected 152 
patients who met our inclusion criteria. All of these patients 
were included in this study to address potential selected 
bias. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Ethics Committee of West 
China Hospital (No. 2023-1295) and individual consent for 
this retrospective analysis was waived.

Pneumonitis assessment

Follow-up chest computed tomography (CT) scans were 
taken at least every 2 months until 6 months after radiation. 
Pneumonitis was determined and graded in consensus 
by an oncologist and a radiologist. Checkpoint inhibitor 
pneumonitis (CIP) and radiation pneumonitis (RP) were 
included because it was hard to distinguish which of 

them played a more important role in the incidence of 
pneumonitis after immunotherapy and radiation and the 
treatment strategy of CIP and RP were similar. Infectious 
pneumonitis was excluded. Infectious pneumonitis was 
carefully diagnosed based on symptoms of fever, aberrant 
white blood cell count, elevated procalcitonin (PCT), 
C-reactive protein (CRP), and positive for pathogenic 
microorganism. The grade of pneumonitis was based on the 
Common Terminology Criteria for Adverse Event Version 
(CTCAE) 5.0. 

Statistical analysis

The software SPSS statistics version 27.0.1.0 (IBM Corp., 
Armonk, NY, USA) was used for statistical analysis. 
Descriptive statistics were applied to analyze the clinical 
features of enrolled patients. Chi-squared tests or Fisher’s 
exact tests were performed to analyze the difference between 
the combination group and control group for categorical 
variables and Mann-Whitney U test for continuous 
variables. The incidence rates of pneumonitis in the two 
groups were evaluated by Chi-squared tests. Univariate 
and multivariate analyses were performed by logistic 
regression to assess risk factors of pneumonitis. Variables 
that seemed to be significant by univariate analysis were 
taken into multivariate analysis, and “input” was selected 
for multivariate analysis. Statistical tests were 2-sided and  
P value less than 0.05 was considered statistically significant.

Results

Clinical characteristics

We retrospectively selected lung cancer patients in West 
China Hospital who received ≥50 Gy conventional radiation 
of the chest in 2020 and 2021. A total of 152 patients met 
our inclusion criteria (Figure 1). The clinical characteristics 
of the patients are listed in Table 1. The median age was 
59 years (range, 31–81 years) and most patients were male 
(129/152, 84.9%). 75.7% patients were NSCLC (115/152), 
14.5% (22/152) were small cell lung cancer (SCLC), and 
9.9% (15/152) were other pathological types. Most patients 
received upper lobe irradiation (66.4%, 101/152).

Among the 152 patients, all received conventional 
fractionated chest radiation (1.8–2 Gy/fraction); 94 
patients underwent chemotherapy, and 58 patients received 
chemotherapy combined with ICI before radiation. All 
cases continued with chemotherapy or combination therapy 
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during irradiation or resumed immediately after irradiation. 
The baseline of clinicopathological features of the two 
groups was generally balanced, except for the pathological 
stages. In the combination group, 48.3% (28/58) were stage 
IV, whereas in the control group, 13.8% (13/94) were stage 
IV (P<0.001). A history of chronic lung disease was recorded 
in 15.5% (9/58) of the combination group and 10.6% 
(10/94) of the control group (P=0.451). In the combination 
group, 82.8% (48/58) of patients received PD-1 inhibitors, 
and 17.2% (10/58) received PD-L1 inhibitors. There was 
no significant difference between the two groups in terms of 
basic dosimetric parameters (Table 1). In the control group 
and the combination group, the median PTV was 465.6 
and 433.7 cc (P=0.276), the volume of lung was 3,275.5 and 
3,590.0 cc (P=0.111), and the median radiation dose was 50 
and 60 Gy (P=0.088), respectively.

Incidence of pneumonitis

The median follow-up time was 8.4 months and at least  
6 months for each patient. Retrospective analysis showed 
that 66.4% (101/152) patients had pneumonitis, 28.9% 
(44/152) had grade ≥2 and 9.9% (15/152) had grade ≥3 
pneumonitis in the general population within 6 months 
(Table 2).

The incidence of any grade pneumonitis was significantly 
higher in the combination group than in the control 
group (79.3% vs. 58.5%, P=0.013), and the incidence of 
grade ≥2 pneumonitis was also higher in the combination 
group (39.7% vs. 22.3%, P=0.028). The incidence of 
grade ≥3 pneumonitis had no statistical difference, but the 
combination group showed a higher trend (6.4% vs. 15.5%, 
P=0.092). There was 1 treatment-related death in each 
group (1.1% vs. 1.7%) (Table 2).

From the start of RT, the median time of onset of 
grade ≥3 pneumonia was 108 days (range, 55–157 days) in 
the combination group and 89 days (range, 82–204 days) 
in the chemoradiotherapy group. The median time for 
corticosteroid treatment was 32 days. Of the 9 patients 
with grade ≥3 pneumonia in the combination group, 1 used 
PD-L1 inhibitor and 8 used PD-1 [10% (1/10) vs. 16.7% 
(8/48), P=0.601]. The CT presentations of pneumonitis 
in the two groups were similar, with a patchy infiltration 
during the acute phase followed by lung consolidation and 
interstitial fibrosis. The range of the lesion was mainly 
within the radiation field (Figure 2). There was 1 death in 
each group, due to radiation pneumonia with pathogenic 
infection, presenting as an effusion within the radiation field 
and then evolving into a widespread effusion. The clinical 
presentation was irreversible type I respiratory failure.

Figure 1 The flow chart of the study design. SBRT, stereotactic body radiation therapy; ICIs, immune checkpoint inhibitors.
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Table 1 Patients and clinical characteristics

Characteristics Total (n=152) Chemoradiation (n=94) Chemoradiation + ICI (n=58) P value

Age (years), median (IQR) 59.0 (54.0–66.0) 59 (53.0–66.3) 62 (54.8–65.0) 0.590

Gender, n (%) 0.103

Female 23 (15.1) 18 (19.1) 5 (8.6)

Male 129 (84.9) 76 (80.9) 53 (91.4)

Histology, n (%) 0.478

Squamous 65 (42.8) 37 (39.4) 28 (48.3)

Adenocarcinoma 50 (32.9) 35 (37.2) 15 (25.9)

SCLC 22 (14.5) 14 (14.9) 8 (13.8)

Other 15 (9.9) 8 (8.5) 7 (12.1)

Stage, n (%) <0.001

III 111 (73.0) 81 (86.2) 30 (51.7)

IV 41 (27.0) 13 (13.8) 28 (48.3)

Smoking history, n (%) 0.491

Never 84 (55.3) 54 (57.4) 30 (51.7)

Former 68 (44.7) 40 (42.6) 28 (48.3)

ICI type, n (%)

PD-1 inhibitor 48 (82.8)

PD-L1 inhibitor 10 (17.2)

History of chronic lung disease, n (%) 0.451

Yes 19 (12.5) 10 (10.6) 9 (15.5)

No 133 (87.5) 84 (89.4) 49 (84.5)

Irradiation site, n (%) 0.586

Upper lobe 101 (66.4) 64 (68.1) 37 (63.8)

Lower lobe 51 (33.6) 30 (31.9) 21 (36.2)

Dosimetric parameters, median (IQR)

Dose (Gy) 50 (50.0–60.0) 60 (50.0–60.0) 0.088

V5 (%) 46.0 (40.8–54.0) 46.0 (35.0–52.0) 0.325

V10 (%) 36.0 (28.0–40.3) 35.0 (25.0–38.4) 0.163

V20 (%) 26.5 (20.8–30.0) 25.0 (17.8–28.3) 0.057

V30 (%) 18.0 (14.0–20.0) 17.0 (10.8–20.0) 0.277

MLD (cc) 1,374.5 (1,109.3–1,480.6) 1,333.9 (1,049.8–1,476.1) 0.397

PTV (cc) 465.6 (309.8–667.3) 433.7 (258.0–525.7) 0.276

Lung all (cc) 3,275.5 (2,931.5–3,826.8) 3,590.0 (2,820.7–4,312.4) 0.111

ICI, immune checkpoint inhibitor; IQR, interquartile range; SCLC, small cell lung cancer; PD-1, programmed cell death protein-1; PD-L1, 
programmed death ligand-1; MLD, mean lung dose; PTV, planned target volume.
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Risk factors of pneumonitis

In all patients, univariate analysis showed that several 
factors were associated with incidence of grade ≥2 
pneumonitis, including stage (P=0.041), application of 
ICI (P=0.024), V5 (P=0.034), V20 (P=0.030), and V30 
(P=0.014). Continuous variables were sorted into ordered 
categorical variables by quartile. Multivariate analysis 
showed that ICI application [odds ratio (OR): 2.641, 
95% confidence interval (CI): 1.244–5.608, P=0.011] and 
V30 (OR: 1.728, 95% CI: 1.214–2.460, P=0.002) were 
independent risk factors (Table 3). Univariate analysis 
showed that history of chronic lung disease (P=0.002) 
and PTV volume (P=0.016) were correlated with 
grade ≥3 pneumonitis. Variables with P value less than  
0.1 were included in multivariate analysis. Multivariate 
analysis showed that the history of chronic lung disease was 
the independent risk factor (OR: 6.359, 95% CI: 1.953–

20.705, P=0.002). Notably, the application of ICI showed 
an increased trend, but did not reach statistical significance 
(P=0.099) (Table 4). 

Risk factors of pneumonitis in the combination group

In the combination group, univariate and multivariate 
analyses showed that a history of chronic lung disease was 
correlated with grade ≥3 pneumonitis (P=0.017). There was 
no significant correlation between dosimetric parameters 
and the incidence of grade ≥2 or 3 pneumonitis (Tables 5,6).  
Therefore, in patients who undergo chemoradiation in 
combination with ICI, more strictly limiting dosimetric 
parameters such as V5, V20, V30, MLD, or PTV 
cannot reduce the incidence of pneumonitis. Instead, the 
combination treatment should be applied with caution in 
patients with a history of chronic lung disease. 

Table 2 The incidence of pneumonitis in the chemoradiation group and the chemoradiation combined with ICI group

Grade Total (n=152) Chemoradiation (n=94) Chemoradiation + ICI (n=58) P value

0 51 (33.6) 39 (41.5) 12 (20.7)

≥1 101 (66.4) 55 (58.5) 46 (79.3) 0.013

≥2 44 (28.9) 21 (22.3) 23 (39.7) 0.028

≥3 15 (9.9) 6 (6.4) 9 (15.5) 0.092

Data are presented as n (%). ICI, immune checkpoint inhibitor.

Figure 2 The features of pneumonitis in CT scan of chemoradiation with ICI and chemoradiation alone were similar, with a patchy 
infiltration followed by lung consolidation and interstitial fibrosis within the radiation field. CT, computed tomography; ICI, immune 
checkpoint inhibitor.

Chemoradiation combined with ICI

Chemoradiation

Baseline                                         59 days after radiation                     80 days after radiation                       129 days after radiation

Baseline                                          69 days after radiation                    89 days after radiation                       135 days after radiation
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Table 3 Univariate and multivariate analyses of grade ≥2 pneumonitis

Characteristics
Total 

(N=152)

Univariate analysis Multivariate analysis

Grade <2 (n=108) Grade ≥2 (n=44) P value OR 95% CI P value

Age (years), median (IQR) 58.5 (53.0–65.0) 62.5 (55.0–67.0) 0.334

Gender, n

Female 23 18 5 0.411

Male 129 90 39

Histology, n

Squamous 65 45 20 0.341

Adenocarcinoma 50 33 17

SCLC 22 19 3

Other 15 11 4

Stage, n

III 111 84 27 0.041 0.211

IV 41 24 17

Smoking history, n

Never 84 58 26 0.545

Former 68 50 18

ICI, n

Yes 58 35 23 0.024 2.641 1.244–5.608 0.011

No 94 73 21

History of chronic lung disease, n

Yes 19 12 7 0.420

No 133 96 37

Irradiation site, n

Upper lobe 101 71 30 0.773

Lower lobe 51 37 14

Dosimetric parameters, median (IQR)

Dose (Gy) 60.0 (50.0–60.0) 60.0 (50.0–60.0) 0.725

V5 (%) 45.0 (35.3–53.0) 50.0 (42.3–55.0) 0.034 0.355

V10 (%) 35.0 (26.0–40.0) 36.0 (33.3–40.0) 0.053

V20 (%) 25.0 (19.0–29.0) 27.5 (23.0–30.0) 0.030 0.976

V30 (%) 17.0 (13.0–19.0) 20.0 (16.0–21.0) 0.014 1.728 1.214–2.460 0.002

MLD (cc) 1,333.5 (1,059.1–1,471.3) 1,393.0 (1,237.3–1,526.8) 0.107

PTV (cc) 439.1 (289.5–654.4) 484.2 (308.9–600.5) 0.423

Lung all (cc) 3,275.8 (2,855.3–3,900.0) 3,627.5 (2,811.0–4,045.3) 0.385

OR, odds ratio; CI, confidence interval; IQR, interquartile range; SCLC, small cell lung cancer; ICI, immune checkpoint inhibitor; MLD, 
mean lung dose; PTV, planned target volume.
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Table 4 Univariate and multiple analyses of grade ≥3 pneumonitis

Characteristics
Total 

(N=152)

Univariate analysis Multivariate analysis

Grade <3 (n=137) Grade ≥3 (n=15) P value OR 95% CI P value

Age (years), median (IQR) 59.0 (53.0–65.0) 63.0 (56.0–71.0) 0.085 0.434

Gender, n

Female 23 23 0 0.998

Male 129 114 15

Histology, n

Squamous 65 57 8 0.307

Adenocarcinoma 50 45 5

SCLC 22 21 1

Other 15 14 1

Stage, n

III 111 102 9 0.238

IV 41 35 6

Smoking history, n

Never 84 76 8 0.874

Former 68 61 7

ICI, n

Yes 58 49 9 0.075 0.099

No 94 88 6

History of chronic lung disease, n

Yes 19 13 6 0.002 6.359 1.953–20.705 0.002

No 133 124 9

Irradiation site, n

Upper lobe 101 92 9 0.579

Lower lobe 51 45 6

Dosimetric parameters, median (IQR)

Dose (Gy) 60.0 (50.0–60.0) 50.0 (50.0–60.0) 0.377

V5 (%) 46.0 (39.0–53.0) 50.0 (43.0–55.0) 0.183

V10 (%) 36.0 (27.0–40.0) 36.0 (32.0–41.0) 0.253

V20 (%) 26.0 (20.0–30.0) 28.0 (18.0–29.0) 0.736

V30 (%) 17.0 (13.5–20.0) 20.0 (12.0–21.0) 0.975

MLD (cc) 1,347.0 (1,106.4–1,479.2) 1,386.6 (1,038.4–1,475.5) 0.981

PTV (cc) 430.0 (290.0–596.3) 516.0 (366.2–733.4) 0.016 0.130

Lung all (cc) 3,288.0 (2,828.0–3,905.3) 3,697.8 (3,365.0–4,037.0) 0.083 0.610

OR, odds ratio; CI, confidence interval; IQR, interquartile range; SCLC, small cell lung cancer; ICI, immune checkpoint inhibitor; MLD, 
mean lung dose; PTV, planned target volume.
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Table 5 Univariate analysis of pneumonitis in chemoradiation combined with ICI group

Characteristics
Univariate analysis

Grade <2 (n=35) Grade ≥2 (n=23) P value Grade <3 (n=49) Grade ≥3 (n=9) P value

Age (years), median (IQR) 68.0 (53.0–65.0) 63.0 (56.0–67.0) 0.111 60.0 (54.5–65.0) 63.0 (55.5–74.0) 0.190

Gender, n 0.343 0.999

Female 2 3 5 0

Male 33 20 44 9

Histology, n 0.678 0.477

Squamous 17 11 23 5

Adenocarcinoma 7 8 12 3

SCLC 7 1 8 0

Other 4 3 6 1

Stage, n 0.123 0.239

III 21 9 27 3

IV 14 14 22 6

Smoking history, n 0.261 0.635

Never 16 14 26 4

Former 19 9 23 5

ICI type, n 0.178 0.601

PD-1 inhibitor 27 21 40 8

PD-L1 inhibitor 8 2 9 1

History of chronic lung disease, n 0.296 0.017

Yes 4 5 5 4

No 31 18 44 5

Irradiation site, n 0.855 0.577

Upper lobe 22 15 32 5

Lower lobe 13 8 17 4

Dosimetric parameters, median (IQR)

Dose (Gy) 60.0 (54.0–60.0) 60.0 (50.0–60.0) 0.051 60.0 (50.0–60.0) 50.0 (50.0–60.0) 0.123

V5 (%) 46.0 (32.6–50.0) 50.0 (42.0–55.0) 0.094 46.0 (34.0–51.5) 50.0 (42.5–55.0) 0.308

V10 (%) 33.0 (22.0–38.0) 36.0 (26.0–40.0) 0.067 35.0 (24.5–38.0) 34.0 (25.0–42.5) 0.515

V20 (%) 24.0 (16.0–27.0) 27.0 (20.0–30.0) 0.101 25.0 (18.5–29.0) 20.0 (15.5–28.0) 0.615

V30 (%) 16.0 (10.0–19.0) 18.5 (13.0–20.7) 0.158 17.5 (11.5–20.0) 13.0 (9–20.0) 0.490

MLD (cc) 1,333.0  
(1,049.0–1,452.0)

1,353.0  
(1,098.4–1,502.0)

0.415 1,337.9  
(1,144.6–1,479.5)

1,098.4  
(900–1,457.3)

0.291

PTV (cc) 408.7 (261.6–502.0) 489.9 (229.7–586.8) 0.499 430.0 (256.9–526.8) 502.0 (263.3–837.5) 0.132

Lung all (cc) 3,360.0  
(2,828.0–4,055.4)

3,654.9  
(2,798.9–4,668.3)

0.408 3,574.2  
(2,813.4–4,276.5)

3,654.9  
(3,008.9–4,593.5)

0.421

ICI, immune checkpoint inhibitor; IQR, interquartile range; SCLC, small cell lung cancer; PD-1, programmed cell death protein-1; PD-L1, 
programmed death ligand-1; MLD, mean lung dose; PTV, planned target volume.
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Table 6 Multiple analysis of pneumonitis in chemoradiation combined with ICI

Characteristics
Pneumonitis grade ≥2 Pneumonitis grade ≥3

OR 95% CI P value OR 95% CI P value

Median age 1.062 0.985–1.145 0.118

Stage (III vs. IV) 2.082 0.625–6.934 0.232

ICI (PD-1 vs. PD-L1)

History of chronic lung disease 
(no vs. yes)

8.351 1.469–47.484 0.017

Median dose 0.318 0.094–1.081 0.318 0.293 0.61–1.414 0.126

V5 1.100 0.562–2.155 0.780

V20 1.382 0.708–2.698 0.343

V30

PTV 0.924 0.451–1.892 0.829

ICI, immune checkpoint inhibitor; OR, odds ratio; CI, confidence interval; PD-1, programmed cell death protein-1; PD-L1, programmed 
death ligand-1; PTV, planned target volume.

Discussion

In recent years, many studies have attempted to improve 
the survival of locally advanced and inoperable lung 
cancer patients (7,9). The PACIFIC study explored the 
use of durvalumab, a PD-L1 inhibitor, after cCRT as 
consolidation therapy in stage III inoperable NSCLC and 
reported an outstanding increase in median progression-free 
survival (mPFS) and overall survival (OS), compared with 
cCRT alone (5). Meanwhile, the PACIFIC study indicated 
that starting durvalumab within 2 weeks after radiation 
(hazard ratio: 0.39, 95% CI: 0.26–0.58) gained preferable 
mPFS than its initiation beyond 2 weeks (hazard ratio: 0.63, 
95% CI: 0.49–0.80) (10). Furthermore, a retrospective 
analysis showed OS improvement when ICI was started at 
least 1 month before RT, indicating a benefit of “induction 
effect” of ICI prior to RT (11). So, concern about the 
time to initiate ICIs and the treatment-related lung injury 
had arisen. In the PACIFIC-R study, an international, 
retrospective study of a cohort of patients who received 
at least one dose of durvalumab after chemoradiotherapy 
enrolled 250 patients, showed 17.9% incidence of 
pneumonitis or ILD (250 of 1,399). In all, 4.0% (n=56), 
8.4% (n=118), 2.9% (n=41), and 0.4% (n=5) of the patients 
in the full analysis set had pneumonitis or ILD events 
classified as mild, moderate, severe, and life threatening or 
fatal, respectively (12). 

For lung cancer, the most worrying side effect of 
combining ICI with chemoradiation therapy is pneumonitis. 

ICI treatment alone can induce pneumonitis, with an 
incidence of 5–6% according to clinical trials (13,14). 
Meanwhile, in a real-world study, the rate reached 19% (15)  
and was suggested to correlate to race, smoking status, 
history of ILD and COPD (16), and combined therapy (17).  
Thoracic RT also causes pneumonitis. The incidence of 
cCRT-induced grade ≥3 pneumonitis in NSCLC was shown 
to be 7.85% in platinum-based double chemotherapy (18).  
So ,  phys ic ians  worr ied  that  the  combinat ion  of 
chemoradiation and ICI would increase the risk of 
pneumonitis, but it remained unconfirmed. The NICOLAS 
study was the first prospective trial to evaluate the safety and 
efficacy of adding nivolumab (a kind of ICI) concurrently to 
chemoradiotherapy in stage III NSCLC patients (8). Among 
77 patients, 9 (11.7%) experienced pneumonitis of grade 3 
or higher. Keynote-799, a phase 2 non-randomized trial, 
demonstrated a 6.9–8% incidence of grade ≥3 pneumonitis 
in patients who received pembrolizumab plus cCRT (7). 
However, both of these prospective studies were single-
arm studies without comparison with chemoradiation, and 
due to more complicated situations in real-world patients, 
it was unclear how much the results of these clinical trials 
could be extrapolated to clinical practice. Many studies have 
pointed out the disparate results between clinical trials and 
real-world applications (19,20). A few retrospective studies 
analyzed pneumonitis in patients who received ICIs and 
radiation (21-24). Most of them reported the recalled RP 
in patients receiving ICI after cCRT (21,23,24). Bi et al.  
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reported pneumonitis in patients receiving ICI before 
radiation (22). The RP of grade ≥2 was present in 40% 
(16/40) patients, and that of grade ≥3 was 22.5% (9/40), but 
it also did not compare to the chemoradiation group. 

To our knowledge, this is the largest retrospective 
concurrent controlled study comparing the incidence of 
pneumonitis in chemoradiation alone and chemoradiation 
combined with ICI. The comparison of patients at the 
same center during the same period was more reliable. 
This study presented a comprehensive pneumonitis profile 
of chemoradiation with or without ICI of lung cancer 
from a Chinese cohort. We found that the rate of grade 
≥2 pneumonitis in the combination group was 39.7%, in 
similarity with other reports (8,22,25); it was significantly 
higher than that in the chemoradiation group (39.7% 
vs. 22.3%, P=0.028). Although the incidence of grade ≥3 
pneumonitis in the combination group showed an increasing 
trend, it did not reach statistical significance (15.5% vs. 
6.4%, P=0.092). The rate of grade ≥3 pneumonitis in our 
report was slightly higher than in Wang et al. (26), because 
our study contained both concurrent and sequential 
chemoradiation with ICI, whereas all patients received 
sequential chemoradiation with ICI in Wang’s report. 
Although the incidence of symptomatic pneumonitis was 
increased in the combination group, the majority recovered 
after receiving corticosteroids and did not increase 
treatment-related death (1.7% vs. 1.1%). Multivariate 
analysis showed that the only impact factor of grade ≥3 
pneumonitis in the combination group was the history of 
chronic lung disease. So, the combination treatment should 
be applied with caution in patients with a history of chronic 
lung disease.

Decades ago, Madani et al. reported that radiation 
dosimetry could predict the incidence of pneumonitis (27).  
In our study, the application of ICI and V30 were the 
independent risk factors of grade ≥2 pneumonitis. 
Whether it remained appropriate in the context of ICI is 
controversial. The results showed no correlation of V5, 
V20, V30, and MLD with grade ≥2 pneumonitis, which 
was in accordance with a prospective phase I study (25). In 
other words, regular radiation dosimetry parameters did not 
affect the incidence of pneumonitis under the current chest 
radiation criterion of West China Hospital (V5 <50%, V20 
<30%, V30 <20%, MLD <1,500 cc). In clinical practice, 
physicians found that RP also occurred in patients receiving 
low dose radiation after ICI treatment. This could not be 
explained by high dose radiation, but must have been due to 
some other uncertain reasons. 

So far, the standard treatment of unresectable stage III 
and stage IV NSCLC is chemoradiation and chemotherapy 
with ICI, respectively. Therefore, almost half of the 
combination group of our study was stage IV. The baseline 
of stage in the two groups was not balanced, so the survival 
could not be evaluated in this retrospective study and we 
mainly focused on the safety. Our results suggested that 
chemoradiation combined with ICI was generally safe and 
did not increase treatment-related death, but whether it is 
preferable in unresectable NSCLC, especially unresectable 
stage III, needs further study. Other publications aiming 
to address the safety of radiation in the context of ICI have 
been limited by heterogeneities of populations, radiation 
modes (radical, palliative), and fractional dose (conventional, 
hypofractionated). In most former studies (23,24), patients 
who received SBRT in lung lesions were also taken into 
analyzes, which might reduce high grade pneumonitis due 
to smaller and more conformal irradiated volume, whereas 
radical radiation usually used conventional fraction rather 
than SBRT in advanced stage NSCLC. In this study, we 
only included conventional chest radiation cases and the 
patients’ features were mainly balanced in two groups. 
However, we only observed that acute RP occurred within 
6 months after radiation; the chronic pulmonary injury was 
not estimated. In addition, we only enrolled patients with 
full data, which inevitably introduced selected bias. We also 
demonstrated an increasing trend of grade ≥3 pneumonitis 
in the combination group that needed corticosteroid 
treatment (28). Whether its occurrence warrants suspension 
of ICI application and impacts OS needs further study.

Conclusions

In the real world, the incidence of pneumonitis of 
chemoradiation combined with ICI was higher than 
chemoradiation alone, but severe pneumonitis was only 
associated with the history of chronic lung disease. In the 
combination group, dosimetric parameters, including 
V5, V20, V30, and MLD, were not correlated to the 
development of pneumonitis under the current chest 
radiation criterion of West China Hospital (V5 <50%, V20 
<30%, V30 <20%, MLD <1,500 cc). Thus, combination 
therapy was generally safe, but not for patients with the 
history of chronic lung disease.
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