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Background: The aim of the present study was to establish a new prediction model for radiation 
pneumonitis (RP) in locally advanced non-small cell lung cancer (LA-NSCLC) patients before and after 
radiotherapy.
Methods: The study involved 153 patients. Age, arterial partial oxygen pressure (PO2), forced vital capacity, 
pulmonary emphysema (PE), subclinical interstitial lung disease (sILD), and dosimetric parameters, such as 
mean lung dose and percentage of lung volume, and a dose >5/20 Gy (V5/V20), were considered candidate 
RP predictors.
Results: Of the 153 eligible patients, 33 (21.6%) developed RP, 68 had PE (43.8%), and 24 (15.7%) had 
sILD. Grades 2, 3, and 5 RP were scored in 17 (11.1%), 15 (9.8%), and 1 (0.7%) patient/s, Grade 4 RP was 
not observed. Grades 1, 2, and 3 PE were scored in 45 (29.4%), 22 (14.4%), and 1 (0.7%) patient/s. Grades 
0 and 1 sILD were observed in 129 (84.3%) and 24 (15.7%) patients. Univariate analysis found age, PE, 
and sILD to be significantly correlated with grade ≥2 RP. Multivariate analysis revealed age >68 years, PE 
grade >1, and sILD grade ≥1 as independent risk factor for grade ≥2 RP in LA-NSCLC with squamous cell 
carcinoma (SCC). Finally, a new predictive risk score (PRS) comprised of these factors was developed. The 
PRS score was 0, 3–5, and 6–11 when the cumulative incidence of grade ≥2 RP was 8.8% (5 patients), 13% (3 
patients), and 84.6% (13 patients) (P=<0.001).
Conclusions: Age, PE, and sILD could independently and significantly predict RP in LA-NSCLC  
with SCC.
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Introduction

Global lung cancer incidence and mortality remain high, 
although they can be effectively reduced by tobacco 
smoking cessation (1). Non-small cell lung cancer (NSCLC) 
is the most prevalent lung cancer type, making up 85% of 
lung cancer cases (2). Squamous cell carcinoma (SCC) and 
adenocarcinoma (ADE) are the main histological subtypes 
of NSCLC. Locally advanced (LA)-NSCLC refers to 
clinical stage IIIA or IIIB NSCLC, and is mainly treated 
using concurrent chemoradiotherapy (CCRT) (3); however, 
this strategy is limited by radiation pneumonitis (RP), which 
is an inevitable dose-limiting adverse effect of LA-NSCLC 
radiotherapy. Therefore, to treat LA-NSCLC effectively 
and safely, an accurate method of predicting RP is needed.

Radiation pneumonitis (RP) is a part of radiation-
induced lung injury. Its injury and repair is a complex 
pathophysiological process involving and interacting with 
many cells and cytokines. Early diagnosis and treatment 
can reduce lung injury and protect lung function. Past 
studies have correlated RP risk with various patients’ 
characteristics, including age, sex, smoking history, genetic 
predisposition, tumor location, low Karnofsky performance 
status (KPS), and pre-existing lung disease (4,5). Dosimetric 
parameters have also been associated with RP, especially 
mean lung dose (MLD) and V20, which are widely accepted 
as RP risk factors. However, despite a strong association 
with RP, these findings have been inconsistent due to small 
sample sizes and different statistical methods that limit 
the discriminative ability of such risk factors (6-8). Various 
parameters have been tentatively combined to predict RP, 
but their predictive value is often lost (9). 

We previously reported pulmonary emphysema (PE), a 
chronic obstructive pulmonary disease (COPD) subtype, as 
a risk factor in patients with LA-NSCLC after radiotherapy, 
especially those with SCC (10). Pre-existing radiological 
interstitial lung abnormalities (ILAs) are clinical risk factors 
for severe RP in patients with small cell lung cancer (11). 
RP tends to be more common in patients with subclinical 
interstitial lung disease (sILD), which includes undiagnosed 
patients who have ILA, as revealed by chest computed 
tomography (CT) scans (12,13). Current RP models do not 
adequately consider sILD and PE in patients treated with 
conventionally fractionated radiotherapy. In the present 
study, we extend our earlier data by combining it with 
additional patient characteristics and dosimetric parameters 
in a new model for predicting RP in LA-NSCLC. In the 
present retrospective study, age, PE, and sILD at baseline 
CT were independently and significantly associated with RP 

incidence in LA-NSCLC patients with SCC. We combine 
these three factors to establish a prediction model which is 
more effective and simpler than the single-factor model. We 
present the following article in accordance with the STARD 
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-459).

Methods

Patients

The present study was approved by the ethical review 
committee of Shanghai pulmonary hospital, Tongji 
University School of Medicine, China. A total of 153 
patients treated with radical radiotherapy at our institution 
from January 2014 to January 2015 were recruited into 
the study. The patient inclusion criteria were as follows: 
(I) KPS score >70 with no apparent pulmonary atelectasis; 
(II) could endure the total dose of 58–66 Gy with common 
fractionation (1.8–2.0 Gy/fraction/day); (III) received 
radiotherapy concurrently with chemotherapy; (IV) were 
followed up for <6 months without apparent local-regional 
recurrence; and (V) had lung imaging features evaluated 
before and after radiotherapy. Observation indicators 
included general patient information (sex, age, smoking 
history, tumor location), lung function test indicators (forced 
expiratory volume in 1 s, forced vital capacity, blood gas 
analysis), CT image examination (PE, sILD), and DVH 
(Dose volume histogram) parameters. Eligible participants 
had stage IIIA or IIIB NSCLC and were undergoing 
definitive radiotherapy without the option for surgery. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). Individual consent for this 
retrospective analysis was waived.

Radiotherapy

Patients received CT planning scans during quiet 
breathing while immobilized in a supine position with arms 
raised above their heads. The designed and normalized 
radiotherapy plans were based on 5-mm thickness and 
5-mm interval CT scans obtained at the treatment location 
using an ADAC Pinnacle (Philips Medical Systems, Royal 
Philips of the Netherlands, Amsterdam, The Netherlands) 
treatment planning system. Treatments were delivered by 
linear accelerators with 6 MV photons using 3D-conformal 
radiation therapy, or intensity modulated radiation therapy. 
Gross tumor volume (GTV) was contoured in sequential axial 
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CT images, and included the primary tumor and metastatic 
lymph node drainage area. Clinical target volume (CTV) was 
an increase of 0.5–1.0 cm on the GTV edge and included 
selective regional lymph nodes. Planning target volume 
(PTV) was generated by adding a 5-mm axial plane margin 
and a 10-mm margin, in the longitudinal direction, to the 
CTV. The total dose covered 95% of the PTV. MLD and 
volumes of the lung receiving a minimum of 5, 10, 20, and 
30 Gy (V5, V10, V20, and V30, respectively) were extracted 
based on the physical dose. The median total dose was  
60 Gy (range, 58–66 Gy). The fraction dose was 1.8–2.5 Gy  
(median: 2.0 Gy). 

Chemotherapy

The chemotherapy regimen was as described previously (10).  
Briefly, 22 patients received concurrent chemotherapy, 
while 131 patients received sequential chemotherapy. 

sILD and PE evaluation based on CT

The sILD evaluation was based on high-resolution CT 
scans (14). CT results were evaluated by 2 chest radiologists 
as follows: no ILD=grade 0, equivocal for ILD=grade 1, 
suspicious for ILD=grade 2, and ILD=grade 3 (Figure 1).  
Equivocal for ILD is indicated by focal or unilateral 
ground-glass attenuation, focal or unilateral reticulation, 
and patchy ground-glass abnormality occupying <5% of 
the lung zone. Suspicious for ILD refers to non-dependent 
ground-glass abnormality affecting >5% of any lung zone. 

ILD refers to multilobe bilateral fibrosis associated with 
subpleural honeycomb and traction bronchiectasis.

Before treatment, PE examination was done based 
on low-attenuation areas (LAAs) on CT scans. Based on 
Tsujino et al.’s criteria (15), PE falls into 5 grades: grade 0 
(no LAAs), grade 1 (sparse, scattered, small LAAs ≤5 mm 
in diameter), grade 2 (adjacent LAAs ≤10 mm in diameter), 
grade 3 (adjacent LAAs >10 mm in diameter and/or 
indistinguishable from each other), and grade 4 (absence of 
normal lung parenchyma). For specific details, please refer 
to our previous research reports (10). 

Evaluation of RP

RP grading followed Common Terminology Criteria for 
Adverse Events, version 4, guidelines. Patients whose 
adverse events information was unavailable were excluded 
from the analysis. RP diagnosis and grading have been 
described previously. The endpoint for this analysis was 
grade ≥2 RP or symptomatic pulmonary fibrosis.

Follow-up

Patients were followed-up weekly for up to 6 months, and 
after that, every 1–3 months. Follow-up was for at least  
1 year. CT scans was performed at each follow-up.

Statistical analysis

Patient characteristics and dosimetric parameters were 

Figure 1 Computed tomography features of subclinical interstitial lung disease grade. Focal or unilateral ground-glass attenuation, focal or 
unilateral reticulation, and patchy ground-glass abnormality (<5% of the lung) (grade 1). Non-dependent ground-glass abnormality affecting 
>5% of any lung zone (grade 2).

Grade 2Grade 1
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analyzed using Pearson’s χ2-test or continuity correction 
tests. When factors were found to be significant by 
univariate analysis, they were subjected to multivariate 
analysis to develop a prediction model. Spearman’s 
correlation test was used to evaluate relationships between 
RP grade and PE or ILD grade. Kaplan–Meier and 
receiver-operating characteristic (ROC) curve analyses were 
used to predict grade ≥2 RP. Statistical analyses were done 
using SPSS version 13.0 (SPSS, Chicago, IL, USA). P<0.05 
indicated statistical significance.

Results

Incidence of RP, sILD, and PE

Participant characteristics are shown in Table 1. Median 
patient follow-up duration was 10 months. Thirty-three 
(21.6%) patients had RP; 17 (11.1%), 15 (9.8%), 1 (0.7%) 
patient/s had grades 2, 3 and 5 RP, respectively. There were 
no grade 4 RP patients. RP was detected 1–11 months after 
radiotherapy. Of the 153 patients, 68 (43.8%) had PE. Of 
these, 45 (29.4%), 22 (14.4%), and 1 (0.7%) had PE grades 
1, 2, and 3, respectively. A total of 129 (84.3%) patients 
had grade 0 sILD, while 24 (15.7%) had grade 1 sILD. No 
patient had mild (grade 2) or moderate ILD (grade 3). 

Factors associated with RP

The univariate analysis indicated that age, PE, and sILD 
were correlated with grade ≥2 RP (Table 2). To assess if 
these factors are consistent in various pathological types, 
we carried out the analysis in different pathologies. The 
results showed that sILD was significantly correlated with 
grade ≥2 RP for patients with ADE. In SCC patients, age, 
PE, sILD, arterial partial oxygen pressure (PO2), and MLD 
exhibited a similar correlation. Results from the SCC 
patient analysis were similar to those of the total sample 
analysis. Therefore, we performed multivariate analysis in 
SCC patients, which showed that age >68 years, PE grade 
>1, and sILD grade ≥1 on CT baseline were significantly 
correlated with grade ≥2 RP (Table 3). Because beta 
coefficients for each significant variable could predict the 
incidence of grade ≥2 RP, we matched corresponding scores 
by beta coefficient. Eventually, a new model, the predictive 
risk score (PRS), was developed for LA-NSCLC using the 
following formula: PRS=5 (if subclinical ILD grade ≥1) + 3 
(if age >68 years) + 3 (if PE grade >1). The scoring system 
was based on Washko et al.’s and Satoh et al.’s studies (16,17). 

Next, we put this scoring system into practical application 
in LA-NSCLC patients with SCC. The calculated PRS of 
all 93 SCC patients ranged from 0 to 11 (median: 0). The 

Table 1 Patient characteristics

Demographics/characteristic No. of patients (%)

Sex

Male 140 (91.5)

Female 13 (8.5)

Age (years), median [range] 63 [40–85]

Pathology

Adenocarcinoma 28 (18.3)

Squamous cell carcinoma 93 (60.8)

Other 32 (20.9)

Stage

IIIA 55 (35.9)

IIIB 98 (64.1)

Smoking history

Yes 94 (61.4)

No 59 (38.6)

Tumor location

Upper lobe 87 (56.9)

Middle lobe 29 (18.9)

Lower lobe 37 (24.2)

Chemotherapy

Concurrent 22 (14.4)

Chemotherapy first 123 (80.4)

Radiotherapy first 8 (5.2)

RP grade

0–1 120 (78.4)

≥2 33 (21.6)

PE grade

0 85 (55.5)

1 45 (29.4)

≥2 23 (15.1)

sILD grade

0 129 (84.3)

≥1 24 (15.7)

PE, pulmonary emphysema; RP, radiation pneumonitis; sILD, 
subclinical interstitial lung disease.
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Table 2 Univariate analysis for risk factors of grade ≥2 RP

Risk factors

Patients with RP Adenocarcinoma Squamous cell carcinoma

RP grade <2 
(n)

RP grade ≥2 
(n)

P value
RP grade <2 

(n)
RP grade ≥2 

(n)
P value

RP grade <2 
(n)

RP grade ≥2 
(n)

P value

Sex >0.999 >0.999 >0.999

Male 110 30 15 5 72 19

Female 10 3 6 2 2 0

Age 62.19±8.89 65.70±9.58 0.05 62.76±10.47 65.71±10.94 0.528 61.53±8.62 67.16±9.02 0.014

Tumor location 0.656 0.134 0.736

Upper 67 20 10 5 44 13

Middle 22 7 5 2 13 3

Lower 31 6 6 0 17 3

Smoking history 0.607 >0.999 0.943

Yes 75 19 10 3 50 13

No 45 14 11 4 24 6

Chemotherapy 0.248 0.099 0.424

Concurrent 20 2 4 0 11 2

Sequence 94 29 16 5 60 17

Other 6 2 1 2 3 0

PE grade 0.012 0.399 <0.001

0 7 12 14 4 44 4

1 34 11 5 3 22 5

≥2 13 10 2 0 8 10

sILD grade <0.001 0.001 <0.001

0 112 8 19 2 71 3

≥1 17 16 1 6 12 7

FEV1/FVC (%) 0.902 0.659 0.476

≥70 56 15 11 5 34 7

<70 64 18 10 2 40 12

PO2 84.13±11.85 81.42±9.07 0.225 79.95±15.18 83.57±8.22 0.556 85.81±10.54 79.53±9.58 0.02

V5 49.14±7.64 50.52±7.51 0.36 48.05±8.38 45.86±9.30 0.368 49.05±7.81 50.63±6.96 0.425

V20 22.16±3.96 23.55±3.96 0.077 21.81±4.61 22.57±4.86 0.712 22.30±3.97 23.58±3.76 0.208

MLD 0.078 0.381 0.018

<12 Gy 57 63 7 14 38 36

≥12 Gy 10 23 4 3 4 15

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MLD, mean lung dose; PE, pulmonary emphysema; PO2, arterial partial 
pressure of oxygen; RP, radiation pneumonitis; sILD, subclinical interstitial lung disease; V5 or V20, percentages of the pulmonary volume 
irradiated exceeding 5 or 20 Gy. 
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cumulative incidence of grade ≥2 RP was 8.8% (5 patients), 
13% (3 patients), and 84.6% (13 patients) when the PRS 
was 0, 3–5, and 6–11, respectively (P<0.001) (Figure 2). 
ROC curve analysis results revealed that combining age, 
PE, and sILD was superior to PE or sILD alone (area under 
the curve =0.814 vs. 0.762 vs. 0.682) (Figure 3).

Discussion

RP is an inevitable outcome that affects treatment 
effectiveness during and after lung cancer radiotherapy. 
Past studies have shown that RP incidence is correlated 
with dosimetric parameters and clinical factors (18). In 
the present study, PO2, age, sILD, PE, and MLD were 
found to be the most significant predictors of grade ≥2 
RP. Our results are consistent with past reports on the 

use of dosimetric parameters (MLD, V20 and V5) to 
predict RP incidence. We performed a stratified analysis 
of various LA-NSCLC subtypes and found the results 
from SCC patients to be consistent with overall findings. 
However, few significant results were detected in ADE 
patients. Our analysis also indicated that PE, sILD, and age 
were correlated with RP incidence in SCC patients, and 
that patients with age >68 years, PE grade >1, and sILD 
grade ≥1 on baseline CT may be more prone to RP. Our 
data showed that a model combining sILD, age, and PE 
accurately predicts RP. To our knowledge, the present study 
is the first to combine these factors.

We previously reported PE as an effective RP predictor 
in SCC patients, which is consistent with other studies (19).  
This could be because PE, a COPD subtype, can increase 
the possibility of DNA damage, causing RP. As known, 

Table 3 Multivariate analysis for risk factors of grade ≥2 RP

Risk factors
Patients with RP grade ≥2

β value OR (95% CI) P value

Age (≤68 vs. >68 years) 1.485 4.415 (1.038–18.786) 0.044

PE grade (grade ≤1 vs. grade >1) 1.522 4.581 (1.078–19.473) 0.039

sILD grade (grade <1 vs. grade ≥1) 2.577 13.157 (2.090–82.812) 0.006

PO2 (≥90% vs. <90%) 0.377 1.458 (0.291–7.300) 0.646

MLD (<12 vs. ≥12 Gy) 0.987 2.684 (0.621–11.587) 0.186

CI, confidence interval MLD, mean lung dose; OR, odds ratio; PE, pulmonary emphysema; PO2, arterial partial pressure of oxygen; RP, 
radiation pneumonitis; sILD, subclinical interstitial lung disease.

Figure 2 Cumulative incidence curves of grade ≥2 radiation pneumonitis stratified by the predictive risk score model.
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SCC is a major type of lung cancer and can block the 
main trachea, reducing lung function, which may generate 
reactive oxygen species. However, some studies have 
indicated that PE is related to RP (20, 21). A novel finding 
in the present study as that sILD, a pre-existing interstitial 
change, may increase the risk of severe RP (grade ≥2) in 
LA-NSCLC patients. To the best of our knowledge, few 
studies have evaluated the relationship between thoracic 
radiotherapy and sILD in patients. Ueki et al. found 
that pre-existing ILD was a significant risk factor for 
grade ≥2 RP (22). Okubo et al. found that, before SBRT, 
sILD is associated with grades 2–5 RP, which occurred 
in 45% (5/11) of their cases (23). Sanuki et al. reported 
that 3–26% of patients with pre-existing interstitial 
changes before radiotherapy developed severe RP (24). 
These reports suggest that sILD may increase the risk of 
severe RP and are consistent with our findings. However, 
thoracic radiotherapy may cause lymphocyte-mediated 
hypersensitivity reactions, which might exacerbate acute 
sILD (25). Therefore, accurately targeting the radiotherapy 
area and an accurate evaluation of subclinical ILD prior to 
radiotherapy are essential. 

Advanced age is frequently associated with RP. Dang  
et al. conducted a multivariate analysis of 369 patients aged  
>65 years and found that more advanced age was a risk 

factor for grades 2 and 3 RP, which was consistent with 
our conclusion (26). This may due to the poor physical 
condition of older patients and increased comorbidities. 

By adding beta coefficients for each significant variable, 
we developed a scoring system that predicts RP. Many 
predictive models for RP after lung cancer radiotherapy 
have been built in previous reports. Wang et al. found 
that combining interleukin-8, transforming growth factor 
(TGF)-β1, and MLD into a RP prediction model improved 
its predictive ability relative to MLD alone (27). Krafft et al.  
found that the addition of CT radiomics extracted from the 
total lung significantly improved the model’s capacity to 
predict RP (28). Tucker et al. showed that single nucleotide 
polymorphisms in the genes encoding transforming 
growth factor-β (TGF-β), tumor necrosis factor-α (TNFα), 
Vascular endothelial growth factor (VEGF), X-ray cross 
complementing 1 (XRCC1), X-ray cross complementing 3 
(XRCC3), apyrimidinic endodeoxyribonuclease 1 (APEX1), 
and Methionine Synthase Reductase (MTRR) may 
significantly improve the predictive capacity of normal tissue 
complication probability (NTCP) models (29). Satoh et al. 
revealed that V20 ≥26%, VS5 ≤1,500 cc, age >68 years, and 
pulmonary fibrosis could predict severe RP in LA-NSCLC 
patients treated with CCRT (17). In the present study, we 
combined sILD, PE, and age to develop an efficient and 

Figure 3 Receiving-operating characteristic curve based on the sensitivity and specificity of pulmonary emphysema (PE), subclinical 
interstitial lung disease (sILD) alone, or age, PE, and sILD score combined. AUC, area under the curve; RP, radiation pneumonitis.
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simple calculation method. This is the first report showing 
that age, sILD, PE, and the occurrence of those factors 
strongly correlate with severe RP in SCC patients. sILD 
is a novel risk factor for fatal RP. Consequently, older 
patients with higher PE and sILD grades should be closely 
monitored after radiotherapy.

The present study has some limitations. As it was 
retrospective study, selection bias was possible. Additionally, 
our model lacked dosimetric parameters and various 
biological markers, which are known to predict RP. 
Furthermore, our risk score has not been validated using an 
independent dataset. To overcome these limitations, larger 
studies are needed.

Conclusions

In the present retrospective study, age, PE, and sILD at 
baseline CT were independently and significantly associated 
with RP incidence in LA-NSCLC patients with SCC. 
By combining these three factors, an efficient and simple 
prediction model, which may be superior to single-factor 
models, was developed.
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