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Abstract
Objectives: Whether curative-intent radiotherapy could be safely applied to lung can-
cer patients with interstitial lung diseases (ILD) remains unclear. We aim to evaluate
radiation induced lung toxicities (RILTs) and the efficacy of intensity-modulated
radiotherapy (IMRT) in these patients. ILD is characterized by inflammation or fibro-
sis in the interstitial tissue of the lung.
Materials and Methods: Stage III non–small cell lung cancer (NSCLC) and ILD
patients treated with curative-intent IMRT between 2010 and 2019 were retrospec-
tively reviewed. Pre-radiation computed tomography (CT) was scored according to a
thin-section CT scoring system for idiopathic pulmonary fibrosis.
Results: A total of 85 of 1261 stage III NSCLC patients were found with ILD. Seven-
teen (20%) of them developed G3+ (greater than or equal to grade 3) RILTs. The inci-
dence abruptly dropped to 11.1%, 3.8%, and 0% for patients with honeycombing
score ≤1, V20 <20%, or both, respectively. Multivariate analysis showed that
honeycombing score >1 and V20 ≥20% were independently associated with higher
risk of G3+ RILTs. The median overall survival (OS) and progression-free survival
(PFS) were 14.0 months and 7.4 months in the whole group, whereas 26.5 months
and 10.6 months in the low-risk group (patients with honeycombing score <1 and
V20 <20%). In the univariate analysis for overall survival, G3+ RILTs were evaluated
as risk factors (p = 0.026) and low-risk group as the only protective factor
(p = 0.063). In the multivariate analysis, G3+ RILTs were the only independent risk
factor for OS.
Conclusion: Honeycombing score >1 and V20 ≥20% were associated with high inci-
dence of RILTs. However, patients with low risk might benefit from IMRT with
acceptable toxicities and durable OS.
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INTRODUCTION

Interstitial lung diseases (ILD) are characterized by
inflammation or fibrosis in the interstitial tissue of the
lung, eventually leading to respiratory failure.1 It is now
typically subclassified as fibrotic or nonfibrotic and
patients with honeycombing change on chest computed
tomography (CT) were considered as fibrotic ILD ones.2

Fibrotic ILD (FILD) are predictive of more severe radia-
tion pneumonitis (RP) after thoracic radiation therapy
(TRT). Concurrent chemoradiotherapy (cCRT) with con-
solidation immunotherapy plays a crucial role in the
definitive treatment of inoperable locally advanced non–
small cell lung cancer (LA-NSCLC) patients.3 However,
2.4%–10.9% of newly diagnosed lung cancer patients have
concurrent ILD,4 whereas they may not be able to tolerate
cCRT or sequential CRT. Some studies have shown that
both radiotherapy and surgery can significantly increase
pulmonary toxicities in patients with pre-existing ILDs,
leading to acute exacerbation (AE) of ILD or severe RP.5–7

Clinicians are particularly careful of using radiation ther-
apy, which increases the risk of pulmonary fibrosis. Sev-
eral small-sample studies have discussed the optimal
therapeutic strategies for ILD patients, trying to balance
between efficacy and safety. Chemotherapy alone for LA-
NSCLC patients with even mild ILD can yield very poor
survival, with a median survival time of <16 months.8

Kobayashi et al.9 reported a durable median survival
period of 34.6 months in patients treated with cCRT,
despite increased lung toxicities (grade 3 ILD AE: 46%;
grade 5 ILD AE: 2.7%). They also showed that patients
without usual interstitial pneumonia (UIP) pattern,
which is a favorable ILD subtype on CT, could predict
lower risk of ILD AE and longer overall survival
(OS) durations than the UIP pattern. Therefore, radio-
therapy can improve survival and local control in
unresectable lung cancer patients with ILD, but also
aggravate lung toxicities. Two studies proved that
patients with interstitial lung abnormities (ILA), which
are considered subclinical ILD, could receive cCRT with
controllable RP and long survival.10,11 However, whether
TRT can be applied to patients with fibrotic ILD needs
further exploration. Intensity modulated radiotherapy
(IMRT) is a modern radiotherapy (RT) technique
implemented since the 1990s. It allows radiation beam
intensities to target the tumor precisely and reduce the
dose of organs at risk. A significant reduction of lung tox-
icity was observed in patients with LA-NSCLC receiving
IMRT.12 The aim of this study was to determine the effi-
cacy and safety of IMRT in stage III NSCLC patients with
ILD. We also investigated risk factors of lung toxicities
and survival to formulate a risk-based radiotherapy in the
modern era.

MATERIAL AND METHODS

Patients

We retrieved the medical records of patients with locally
advanced lung cancer treated with radiotherapy at our insti-
tution between January 2010 and December 2019. Both con-
current/sequential chemoradiotherapy and TRT alone as the
first-line treatment were included in the analysis. Patients
who were pathologically diagnosed with NSCLC and whose
clinical stage was IIIA or IIIB as per the American Joint
Committee of Cancer (AJCC) 7th edition Cancer Staging
Manual13 were included. The nodal stage (N) was diagnosed
on the basis of CT findings. Eastern Cooperative Oncology
Group-Performance status (ECOG-PS) system was used to
evaluate patients’ functional status. Patients receiving sur-
gery for lung cancer or those diagnosed with multiple pri-
mary tumors were excluded. Furthermore, patients who
underwent epidermal growth factor receptor–tyrosine kinase
inhibitors (TKIs) and immune checkpoint inhibitors (ICIs)
were excluded from the analysis.

Radiotherapy and chemotherapy

All patients underwent curative-intent IMRT.12 X-rays at 6
MV were used, with a median total dose of 60 Gy (40–
70 Gy) in 30 (20–35) fractions. Irradiation dose no less than
50 Gy was considered as curative-intent. Lung V20 and V5
indicated the percentage of total lung volume minus gross
tumor volume (GTV) receiving 20 Gy and 5 Gy, respec-
tively. Etoposide/cisplatin and paclitaxel/carboplatin regi-
men were primarily used in cCRT or sequential CRT.
Platinum-based doublet agents with several combinations
such as etoposide, paclitaxel, gemcitabine, and pemetrexed
were generally used.

Diagnoses of ILD and RILTs

The pre-radiation thin-section CT reports of 1261 stage III
NSCLC patients who were described as having interstitial or
fibrotic change were first sorted as candidates for inclusion.
A total of 85 of them were picked then their diagnostic CTs
were reviewed by two radiologists (Z.S.J. and W.L.F.) and
one pulmonologist (H.H.), respectively. Their medical
records were also reviewed and we combined the medical
history and CT image to exclude lung changes caused by
non-ILD diseases, like infectious pneumonia or cardiopul-
monary diseases. Next, they were scored according to a
thin-section CT scoring system for idiopathic pulmonary
fibrosis (IPF).14 We used this score system to evaluate
honeycombing change on CT: 0, no discrete honeycombing,
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with interlobular septal thickening; 1, honeycombing involv-
ing 0%–5% of the lobe; 2, honeycombing 6%–24% of the
lobe; 3, honeycombing involving 25%–49% of the lobe;
4, honeycombing involving 50%–74% of the lobe; and
5, honeycombing involving >75% of the lobe (Figure 1).
Honeycombing change on CT was defined as clustered cys-
tic airspaces, typically of comparable diameters of the order
of 3–10 mm, which are usually subpleural and have well-
defined walls.15 Patients with honeycombing score more
than 0 points were considered as fibrotic ILD.2 The gender,
age, and pulmonary physiology (GAP) index used in our
study was modified by eliminating the percent predicted
carbon monoxide diffusing capacity (%DLCO), because this
is not routinely performed in NSCLC-ILD patients during
clinical practice, which can also be used as a clinical prog-
nostic factor for NSCLC-IPF patients instead of the original
GAP index.16 The modified GAP (mGAP) index was used
to obtain a total score ranging between 0 and 5: sex (female,
0; male, 1), age (years; ≤60, 0; 61–65, 1; >65, 2), and forced
vital capacity (FVC) % (>75%, 0; 50%–75%, 1; <50%, 2).
Based on a previous study on mGAP,16 we chose point 3 as
the cut-off value for subsequent analysis. No commonly
used laboratory or imaging tests can definitively identify
RILTs, because it is a diagnosis of exclusion.17 We excluded
pneumonia caused by infectious or cardiopulmonary dis-
eases and made the diagnosis based on chest CT, clinical

symptoms, and physical examination. Patients with radia-
tion lung toxicities were graded according to the Common
Terminology Criteria for Adverse Events, version 4.0.

The OS was defined as the time from the start of initial
treatment to death. All patients were followed up 1 month
after discharged from the hospital and then every 3 months
for 2 years, and then every 6 months for 3 years, with chest
CT required. Patients with symptoms like cough, dyspnea,
or fever were followed up more frequently.

This study was approved by the institutional review
board of the National Cancer Center, Chinese Academy of
Medical Sciences and Peking Union Medical College (IRB
No. NCC2612).

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics
for Windows, version 25.0 (IBM) and R (version 4.0.0).
Comparison of patient characteristics between patients with
and without severe RILTs (grade ≥3) was performed using
Mann–Whitney U, χ2, and Kruskal–Wallis tests, as appro-
priate. Univariate and multivariate analyses with logistic
regression models and Cox proportional hazards approach
were performed to identify the risk factor(s) of severe RP
and OS, respectively. We estimated OS using the Kaplan–

F I G U R E 1 (a) Honeycombing score = 0 (no discrete honeycombing, with interlobular septal thickening); (b) honeycombing score = 1 (0%–5%);
(c) honeycombing score = 2 (6%–24%); (d) honeycombing score = 3 (25%–49%)
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Meier method and compared groups using the log-rank test.
All p-values are two-sided, and p < 0.05 was considered to
indicate statistical significance.

RESULTS

Patient characteristics

Among 1261 stage III patients, 85 (6.74%) were found with
pre-existing ILD and included in the analysis. Pulmonary
function test results were available in 73 patients. As shown
in Table 1, the mGAP scores of most patients were from
2 to 4 points. A total of 51 (60%) patients, who had
honeycombing change on pretreatment CT, were scored
over 0 points on CT and were classified as fibrotic ILD. A
total of 68 (80%) of the patients received sequential
chemoradiotherapy (sCRT) or RT alone because 70% of
them were evaluated as ECOG score 2 and most of these
patients performed poorly in pulmonary function test with
low median FVC% (68%, 44%–125%) because of underlying
interstitial lung diseases. There were no patients with
honeycombing score >3. In Table 2, 20% (17/85) of the
whole cohort developed G3+ RILTs, and we compared the
patients’ characteristics between G3+ RILTs group and
non-G3+ group. Patients with severe RILTs showed signifi-
cantly higher honeycombing score on pre-treatment CT
(p = 0.010) than those who developed asymptomatic or
intermediate RP. The baseline of the other variables was
quite balanced between these two groups.

Incidence and characterization of lung toxicities

As summarized in Table 2, of the 85 patients, 17 (20%)
developed RILTs of grade 3 or higher, all of which happened
within 1 year after the last irradiation. The median interval
from the onset of radiation to the day of severe radiation
pneumonitis was 2.6 months (range: 0.6–5.43 months). Of
the 31 patients whose honeycombing on CT involved 6%–
49% of the lobe, the rate of grade 3 or higher RILTs reached
35.5% specifically. No patients experienced grade 4 pneumo-
nitis. A total of 10 patients died from pulmonary AEs, all
occurring within 6 months from the onset of radiation. The
median value of V5, V20, and mean lung dose (MLD) was
significantly higher in the 10 patients (p = 0.017; p = 0.027;
p = 0.044). The details of patients with fatal pneumonitis
were listed in Table S1.

Predictors of severe RILTs

The univariate and multivariate analyses on the relationship
between the incidence of severe RILTs and each factor in
patients with stage III NSCLC and ILD treated with IMRT
are shown in Table 3. Multivariate analysis showed that ILD
with honeycombing score >1 was significantly associated

TAB L E 1 Patient, tumor, and treatment characteristics (n = 85)

Characteristic No. or median (range)

Sex

Male 80

Female 5

Age (y) 67 (46–82)

Performance status

1 31

2 54

Smoking status

Never 15

Current or former smoker 70

Treatment pattern

cCRT 17

sCRT 26

RT alone 42

Honeycombing score on CT

0 34

1 20

2 23

3 8

Platinum-based chemotherapy

Paclitaxel 21

Pemetrexed 6

Etoposide 10

Gemcitabine 6

mGAP score (n = 73)

1 8

2 16

3 21

4 23

5 5

Clinical stage

IIIA 33

IIIB 52

Tumor location

Lower lobe 31

Non-lower lobe 54

Histology

Squamous 54

Non-squamous 31

%FVC (n = 73) 68.6 (41.00–125.30)

MLD (Gy) (n = 83) 13.71 (2.30–20.69)

V5% (n = 83) 52.74 (16.61–86.54)

V20% (n = 83) 23.00 (8.77–30.39)

Radiation dose (Gy) 60.00 (40.00–70.00)

Abbreviations: cCRT, concurrent chemoradiotherapy; CRT, chemoradiotherapy; RT,
radiotherapy; mGAP, modified age gender, and pulmonary physiology index; FVC,
forced vital capacity; MLD, mean lung dose; V5, the percentage of lung volume minus
gross tumor volume receiving >5 Gy; V20, the percentage of lung volume minus gross
tumor volume receiving >20 Gy.
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with the rate of G3+ RILTs (odds ratio [OR], 4.53; 95%
confidence interval [CI], 1.39–14.77; p = 0.012). The rela-
tionship between fibrosis score and G3+ RILTs was strong
(area under curve [AUC] = 0.76). We described the distri-
bution of lung AEs among different CT groups in Figure 2,
which showed that the higher the honeycombing scores are,
the severer the lung toxicities became. V20 ≥20% was also

an independent risk factor for severe lung toxicities (OR,
9.40; 95% CI, 1.13–77.89; p = 0.038). MLD was not related
to sever lung toxicities with median value as the cutoff point
(p = 0.197). The incidence of G3+ RILTs abruptly dropped
to 3.8% (1/26), 11.1% (6/54), and 0% (0/19) for patients with
V20 <20%, honeycombing score ≤1 point, or both, respec-
tively, as compared with 20% in the whole group. Therefore,

T A B L E 2 The comparison of characteristics between G3+ RILTs group and non G3+ RILTs group (n = 85)

Variable RILTs (grade ≥3) (n = 17) RILTs (grade <3) (n = 68) p-value

Sex Male/Female 17/0 63/5 0.249

Age (y) Median (range) 65 (54–78) 68 (46–82) 0.347

Performance status 1 vs. 2 8/9 23/45 0.311

Smoking status Never vs. current or former smoker 2/15 13/55 0.477

Clinical stage IIIA vs. IIIB 5/12 28/40 0.373

Tumor location Lower lobe vs. non-lower lobe 7/10 24/44 0.652

Histology Squamous vs. non-squamous 9/8 45/23 0.599

Treatment cCRT vs. sequential CRT or RT alone 6/11 11/57 0.078

Radiation dose Median (range) 60.00 (40.00–66.00) 60.00 (40.00–70.00) 0.771

%FVC (n = 73) Median (range) 70.10 (59.80–107.30) 68.60 (41.00–125.30) 0.178

MLD (Gy) (n = 83) Median (range) 13.71 (2.44–16.63) 13.36 (2.31–20.69) 0.179

V5% (n = 83) Median (range) 59.65 (29.39–86.54) 51.27 (16.61–84.76) 0.148

V20% (n = 83) Median (range) 24.43 (12.99–28.60) 21.55 (8.77–30.39) 0.107

Honeycombing score on CT 0–1 vs. 2–3 6/11 48/20 0.010

mGAP score (n = 73) >3 vs. ≤3 3/9 25/36 0.298

Note: The data are reported as the number or median (range). The p-value was calculated by comparing patients with and without G3+ RILTs.
Abbreviations: RILTs, radiation-induced lung toxicities; cCRT, concurrent chemoradiotherapy; CRT, chemoradiotherapy; RT, radiotherapy; mGAP, modified age gender, and
pulmonary physiology index; FVC, forced vital capacity; MLD, mean lung dose; V5, the percentage of lung volume minus gross tumor volume receiving >5 Gy; V20, the
percentage of lung volume minus gross tumor volume receiving >20 Gy.

T A B L E 3 Univariate and multivariate analyses of severe RILTs (grade ≥3) in patients with stage III non-small-cell lung cancer treated with thoracic
radiation (n = 85)

Variable

Univariate analysis Multivariate analysis

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age, y (≥65 vs. <65) 0.65 0.22–1.91 0.438

Performance status (2 vs. 1) 0.56 0.20–1.69 0.314

Smoking history (never vs. current or former smoker) 1.73 0.36–8.73 0.482

Honeycombing score on CT (0–1 vs. 2–3) 4.40 1.43–13.53 0.010 4.53 1.39–14.77 0.012

mGAP score (>3 vs. ≤3) (n = 73) 0.48 0.12–1.95 0.305

Clinical stage (IIIB vs. IIIA) 1.68 0.53–5.30 0.376

Histology (squamous vs. non-squamous) 0.75 0.25–2.22 0.599

Tumor location (lower lobe vs. non-lower lobe) 1.28 0.43–3.80 0.653

%FVC (<75% vs. ≥75%) (n = 73) 0.96 0.27–3.37 0.951

MLD (<13.71 Gy vs. ≥13.71 Gy) (n = 83) 2.07 0.69–6.26 0.197

V5 (≥55% vs. <55%) (n = 83) 1.89 0.64–5.58 0.250

V20 (≥20% vs. <20%) (n = 83) 10.00 1.25–80.14 0.030 9.40 1.13–77.89 0.038

Treatment (cCRT vs. sCRT or RT alone) 2.83 0.86–9.25 0.086

Paclitaxel or gemcitabine vs. other chemotherapy 2.10 0.54–8.18 0.285

Abbreviations: RILTs, radiation induced lung toxicities; mGAP, modified age gender, and pulmonary physiology index; FVC, forced vital capacity; MLD, mean lung dose; V5, the
percentage of lung volume minus gross tumor volume receiving >5 Gy; V20, the percentage of lung volume minus gross tumor volume receiving >20 Gy; cCRT, concurrent
chemoradiotherapy; sCRT, sequential chemoradiotherapy; RT, radiotherapy.
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F I G U R E 2 Grade 0–5 refers to
the grade of radiation induced lung
toxicities; score 0–3 refers to the
honeycombing score on CT

F I G U R E 3 (a) Overall survival curve for patients with stage III NSCLC and ILD treated with TRT; (b) PFS curve for patients with stage III NSCLC and
ILD treated with thoracic radiation therapy; (c) overall survival curve for 13 patients in the low-risk group and 72 patients in the high-risk group; (d) overall
survival curve for 17 patients with G3+ RILTs and 68 patients without G3 RILTs. OS, overall survival; PFS, progression-free survival; low-risk group, the
patients with V20 <20% and honeycombing score <1; NSCLC, non-small-cell lung cancer; ILD, interstitial lung disease; RILTs, radiation-induced lung
toxicities; CI, confidence interval; HR, hazard ratio
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patients with honeycombing score <1 and V20 <20% were
defined as low-risk group (n = 13). No RILTs ≥grade 2 were
observed in low-risk group. The therapy modality (cCRT
vs. sCRT or RT alone) displayed a tendency in that cCRT
could worsen lung toxicities, but this was not significant
(p = 0.086). Primary tumor location (lower vs. non-lower
lobes), smoking history, FVC%, and mGAP score were not
related to the risk of RILTs.

Survival benefit of TRT in different risk groups

For all the patients, the mean follow-up time was
46.77 months. The median OS was 14 months, with the
1-year and 3-year OS being 57.6% and 10.8%, respectively
(Figure 3(a)). The median progression-free survival (PFS)
was 7.4 months (Figure 3(b)). The 90-day mortality was 7%.
For the low-risk patients, the median OS and PFS were
26.5 months and 10.6 months, respectively, which were lon-
ger than those with at least one risk factor or the whole
group, although no significance was noted (hazard ratio
[HR], 0.52, 95% CI, 0.27–1.04, p = 0.063) (Figure 3(c)). The
univariate and multivariate analyses of prognostic factors
were presented in Table 4. Univariate or multivariate analy-
sis of OS showed that G3+ RILTs (HR, 2.40, 95% CI, 1.32–
4.36, p = 0�004) (Figure 3(d)) was a significant independent
factor of poor OS.

DISCUSSION

The majority (60%) of patients included in our study
showed honeycombing on CT, which was considered as a
typical manifestation for fibrotic ILD. To our knowledge,

this study is the first to report pulmonary toxicities and OS
of curative-intent IMRT in stage III NSCLC patients with
fibrotic ILD and also the first to define a low-risk group with
superior survival and durable lung toxicities. Our study
showed that fibrosis score and radiation dosimetric parame-
ters were significantly associated with the incidence of lung
toxicities among this group of patients. We investigated the
risk factors of lung toxicities and OS to formulate a risk-
based radiotherapy in the modern IMRT era. Relevant or
similar studies are summarized in Table S2.

As shown in Table S3, NSCLC patients with fibrotic ILD
treated with IMRT developed a higher incidence of severe
RILTs than those 426 NSCLC patients without ILD treated
with definitive RT at our institution from 2014 to 2016
(20% vs. 3.7%). Our results are consistent with previous
reports,9,18 which concluded that the presence of ILD was a
risk factor for high-grade RP, even fatal lung toxicities.19

Some research demonstrated that ILD classification on CT
was an important risk factor of ILD AE, and the diagnosis of
a non-UIP pattern could predict lower risk of AE of ILD
and longer OS durations.9 Furthermore, a retrospective
study of 87 subclinical ILD with locally advanced NSCLC
patients in China suggested that the volume of subclinical
ILD ≥25% of the lung field could indicate an increased risk
of grade 3 RILTs.20 MLD is another key dosimetric risk fac-
tor for RILT shown in many studies.21,22 On the basis of the
abovementioned studies, we aimed to explore the connec-
tion between ILD fibrosis score with the lung toxicities and
found that fibrosis score <1 point represented a lower risk of
severe RILTs. We also intended to validate and determine
how V20 and MLD make a difference in pulmonary adverse
events. The current National Comprehensive Cancer Net-
work (NCCN) guideline (NSCLC Version 5.2021) encour-
ages more conservative limits for lung V20 with a diagnosis

T A B L E 4 Univariate and multivariate analyses of overall survival in patients with stage III non-small-cell lung cancer and ILD treated with thoracic
radiotherapy (n = 85)

Variable

Univariate analysis Multivariate analysis

Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

mGAP score (>3 vs. ≤3) (n = 67) 1.08 0.63–1.84 0.782

Honeycombing score on CT (0 vs. 1–3) 1.19 0.73–1.92 0.486

Clinical stage (IIIB vs. IIIA) 1.52 0.94–2.48 0.088 1.52 0.92–2.49 0.097

Histology (squamous vs. non-squamous) 0.73 0.45–1.19 0.210

Tumor location (lower lobe vs. non-lower lobe) 1.37 0.84–2.22 0.204

%FVC (<75% vs. ≥75%) (n = 67) 0.91 0.54–1.53 0.726

MLD (<13.71 Gy vs. ≥13.71 Gy) (n = 76) 1.21 0.75–1.95 0.437

V5 (≥55% vs. <55%) (n = 76) 1.41 0.89–2.28 0.155

V20 (≥20% vs. <20%) (n = 76) 1.38 0.81–2.34 0.227

Low risk group (V20 <20% and CT honeycombing score <1) 0.52 0.27–1.04 0.063

Treatment (cCRT vs. sCRT or RT alone) 0.65 0.36–1.19 0.164 0.56 0.30–1.06 0.074

RILTs (grade ≥3 vs. grade <3) 1.90 1.08–3.33 0.026 2.40 1.32–4.36 0.004

Abbreviations: cCRT, concurrent chemoradiotherapy; FVC, forced vital capacity; ILD, interstitial lung disease; mGAP, modified age gender, and pulmonary physiology index;
MLD, mean lung dose; RILTs, radiation-induced lung toxicities; RT, radiotherapy.; sCRT, sequential chemoradiotherapy; V20, the percentage of total lung volume minus gross
tumor volume receiving >20 Gy; V5, the percentage of total lung volume minus gross tumor volume receiving >5 Gy.
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of UIP, but dose constraints for these patients are not well
characterized. Our analyses showed that V20 ≥20% rather
than 25% was a predictive factor for G3+ RILTs, which
might be because of a stricter dosimetric request and a wide
implantation of IMRT technology in our clinical setting,12

with no significant correlation between MLD and severe
RILTs. The rate of severe lung toxicities in our study were
similar to what was reported by Li et al.23 (G3+ RILTs: 20%
vs. 20.9%). However, the incidence of fatal pneumonitis was
obviously higher than previous studies, with 11.8% of the
patients suffering from grade 5 RILTs.2 Because CT
honeycombing is identified as a typical manifestation for
fibrotic ILD and associated with high mortality rate in
ILD,24,25 we believe the high proportion of fibrotic ILD
(60%) might account for the high mortality, as well as the
unsatisfactory survival. Moreover, it is shown that the dosi-
metric parameters including V5, V20, and MLD were signif-
icantly higher in 10 patients with fatal pneumonitis, which
indicates that dose constraints need to be kept as low as pos-
sible comprehensively in patients with fibrotic ILD.

Notably, the OS was rather unsatisfactory compared
with the reports from other studies.5,9,10 As mentioned, G3-
+ RILTs was the only significant prognostic factor for OS,
which was primarily observed in patients with V20 ≥20%
and/or honeycombing scores >1 point. Therefore, we
reviewed previous literatures5,9,10 and speculate that one of
the most disadvantageous factors is the high proportion of
CT honeycombing (60%), which most likely results in the
poor survival in the whole group. Apart from that,
10 patients died from lung-related adverse events during a
short interval from their last radiation, the median OS of
which was only 6.4 months. Although the whole group anal-
ysis yielded a poor survival outcome, it is encouraging that
patients with V20 ≤20% and honeycombing scores <1 point
showed much better OS and less toxicities, whose median
OS and PFS were 26.5 months and 10.6 months respectively,
with no grade 2–5 RILTs observed. Compared to patients
treated with chemotherapy alone, with a median OS no
more than 16 months reported in a previous study,8 our
results suggest that IMRT in low-risk patients might
improve OS safely. Kim et al.26 and Ono et al.27 suggest that
compared to X-ray therapy, proton therapy may be more
helpful to reduce acute and fatal complications. However,
they did not include a direct comparison between IMRT
and proton therapy, which deserves further research. More-
over, proton technique and related equipment are not avail-
able in most cancer centers yet, which indicates that the
discussion on RILTs in IMRT compared to 3D-CRT tech-
nique is realistic in clinical practice.

Our study has some limitations. First, this was a retro-
spective, non-randomized study conducted at a single center
with inherently introduced bias. Second, distinguishing
RILTs and exacerbation of existing ILD can be challenging.
Those with significant ILD may be more likely to have its
exacerbation while labeled as RILTs. Moreover, cCRT with
consolidation immunotherapy is the mainstream therapy in
LA-NSCLC, whereas none of the patients included in our

study had ever received immune checkpoint inhibitors
(ICIs) therapy, probably because of the concern of ICIs-
induced lung toxicities and poor OS.28,29 Therefore, further
studies are needed to explore the optimizing CRT in stage
III NSCLC patients with fibrotic ILD and whether ICIs can
be consolidated after chest irradiation.

In conclusion, receiving curative-intent radiation ther-
apy could trigger fatal lung toxicities in patients with ILD-
LC, especially those with fibrotic ILD. Honeycombing
score >1 point and V20 ≥20% were significantly associated
with the high incidence of severe RILTs. However, patients
at low risk might benefit from IMRT with acceptable toxic-
ities and considerable OS.
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