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Abstract

Purpose: Adjuvant durvalumab has become a standard treatment after chemoradiation therapy for patients with locally advanced non-
small cell lung cancer (LA-NSCLC). Accordingly, predicting radiation pneumonitis (RP) requiring steroidal treatment (steroid-RP) is of
utmost importance because steroidal administration is reported to weaken the effectiveness of immunotherapy. However, grade 2 RP
was used as an index of RP in previous studies, but it is an ambiguous definition because it includes not only steroid-RP but also a mild
cough requiring only a cough medicine. Therefore, in this study, steroid-RP was used for evaluating RP, and the purpose of this study
was to investigate predictive factors of steroid-RP, including original simple interstitial lung abnormality scores (ILASs).

Methods and Materials: A total of 145 patients with LA-NSCLC who received definitive radiation therapy (DRT) in our institution
from January 2014 to May 2017 were identified. Original ILASs, performance status, age, respiratory function, Brinkman index,
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concurrent administration of chemotherapy, and dose—volume histogram metrics of the lung were analyzed to evaluate their association
with steroid-RP. Additionally, 3 diagnostic radiologists evaluated the patients’ pre-DRT chest computed tomography images and
determined the simple ILASs. ILASs were rated as follows: 0: none; 1: abnormality without honeycombing (ground-glass attenuation,

fine reticular opacity, and microcysts); and 2: honeycombing.

Results: The median follow-up period was 729 days. Thirty-one patients (21.4%) experienced steroid-RP. In the univariate analysis,
lung V5/V10/VSS5, Brinkman index, and ILASs were significant predictive factors of steroid-RP. Additionally, multivariate analysis
including Brinkman index >840, lung V5 >37%, and an ILAS >1 revealed that only an ILAS (P = .001) was an independent

predictive factor of steroid-RP.

Conclusions: The original simple ILAS was an easy-to-use tool and a significant predictive factor of steroid-RP in DRT in patients with

LA-NSCLC.

© 2020 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

For many years, concurrent chemoradiation therapy
(CCRT) has been used as a standard treatment for patients
with locally advanced non-small cell lung cancer (LA-
NSCLC). However, adjuvant durvalumab after CCRT has
shown superiority over placebo in terms of progression-
free survival' and overall survival in patients with LA-
NSCLC.?* In these trials, the most frequent adverse event
that prompted the discontinuation of the trial regimen was
pneumonitis, including radiation pneumonitis (RP).
Additionally, patients who developed RP >grade 2 before
randomization were excluded from the trial. Accordingly,
predicting the incidence of RP has become increasingly
important. In particular, predicting the incidence of RP
requiring steroidal treatment (steroid-RP) is significant as
steroidal therapy weakens the effect of immuno-
therapy.”*” In the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0, steroid-RP is
categorized as grade 2 RP. However, the definition of
grade 2 RP in CATAE criteria, “symptomatic, medical
intervention indicated, or limiting instrumental ADL,” is
ambiguous; it was described as a condition ranging from a
mild cough requiring a cough medicine to steroid-RP. In
most previous studies, the CTCAE criteria were
commonly used to evaluate the severity of RP, and it is
likely that several previous studies have overestimated
grade 2 RP compared with steroid-RP, and the real inci-
dence of steroid-RP remains unclear.

Many predictive factors of RP were reported in pre-
vious studies. An international individual patient data
meta-analysis by Palma DA et al® revealed that patients
aged >65 years and those treated with carboplatin/pacli-
taxel chemotherapy were at a higher risk of symptomatic
RP. Meanwhile, a daily dose of >2 Gy, the percentage of
lung volume receiving >20 Gy (V20), and presence of
tumor in the lower lobe were the risk factors for fatal RP.
According to the study of Li et al, preexisting radiologic
interstitial lung abnormalities and smoking histories were
risk factors for severe RP in patients with small cell lung
cancer.” The dose-volume histogram (DVH) parameters

of the lungs, such as mean lung dose (MLD), lung V5,
and V20, are also significant factors for predicting RP.*”
In contrast, the administration of angiotensin-converting
enzyme inhibitors and proton pump inhibitor during
thoracic radiation therapy prevents RP.'"'> However, the
predictive factors of RP remain controversial. In addition,
patients with LA-NSCLC with pulmonary fibrosis
develop severe RPB’M; however, there is no definite
method of scoring the pulmonary fibrosis. Thus, in this
study, an original interstitial lung abnormality score
(ILAS) was defined, and the correlation between this
score and steroid-RP was investigated in patients with
LA-NSCLC who received a definitive radiation therapy
(DRT) without administration of durvalumab.

This study aimed to clarify the predictive factors for
steroid-RP in DRT in patients with LA-NSCLC and to
investigate the correlation between the ILAS and steroid-
RP.

Methods and Materials

Patient population

A total of 191 patients with LA-NSCLC received the
DRT with 3-dimensional conformal radiation therapy
(3DCRT) in our institution from January 2014 to May
2017. Of these patients, 42 who received preoperative or
postoperative radiation therapy and 4 who received DRT
but were lost to follow-up within 4 months after the end
of DRT without the appearance of RP were excluded.
Finally, 145 patients with LA-NSCLC were analyzed in
detail in this study. The staging was performed in
accordance with the 8th edition of the Union for Inter-
national Cancer Control-Tumor Node Metastasis
classification.

The association of Eastern Cooperative Oncology
Group (ECOG) performance status (PS), age, sex, res-
piratory function, Brinkman index, diabetes mellitus,
administration of proton pump inhibitor, heart and lung
volume during expiration, concurrent administration of
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chemotherapy, location of primary tumor, body mass
index, lung or heart volume, total radiation dose, and
DVH metrics of lung/heart (MLD, lung V5, 10-50, lung
volume spared from more than 5 Gy [VS5], and mean
heart dose) were analyzed to evaluate their relation to
steroid-RP. The indications for steroidal administration
were as follows: (1) RP occurring in the radiation field as
seen on chest x-rays or chest computed tomography (CT)
images, (2) RP in which the symptoms cannot be treated
with a cough medicine or drugs other than steroids, and
(3) RP >grade 3. The lungs and heart were delineated
according to the Radiation Therapy Oncology Group
1106 trial atlas recommendations.'” The lungs without
gross tumor volume, trachea, and main bronchi were
used for DVH analysis of the lung. After DRT, all pa-
tients were followed up every 1 to 4 weeks until 6
months after the completion of DRT and then every 1 to
6 months.

Treatment methods

The slice thickness of treatment-planning CT images
was 2 to 3 mm. Respiratory movement was routinely
confirmed by taking CT images at both expiration and
inspiratory phases. CTV margins of primary tumors and
lymph nodes were set to 0 to 5 mm, and the PTV
margins were set to 5 to 10 mm (caudal margins, 5-15
mm; adjusted in accordance with the respiratory move-
ment). DRT was delivered by 6 or 10 MV x-rays from
linear accelerators (Varian, Palo Alto, CA). All patients
received DRT at 2 Gy per fraction once daily and 5
fractions per week. All RTs were performed following
the standard 3-dimensional conformal static fields of an
anteroposterior—posteroanterior technique, and up to 40
Gy was delivered including mediastinal and ipsilateral

hilar lymph nodes. Off-cord plan except for elective
nodal irradiation was initiated after delivering 40 Gy.

Method for deciding original ILASs

The slice thickness of diagnostic CT was 1 to 5 mm.
The CT images were taken at the inspiratory phase. The
definition of ILASs is shown in Figure 1. The ILASs were
rated as follows: 0, no interstitial lung change; 1, inter-
stitial lung abnormality without honeycombing (ground-
glass attenuation, fine reticular opacity, and microcysts);
and 2, honeycombing. When interstitial lung changes of
the ILAS 1 and 2 were detected in 1 patient, the ILAS was
2. Honeycombing was defined as the presence of clus-
tered cystic lesions of 2 to 10 mm diameter with irregu-
larly thickened walls, and the adjacent cysts share the
walls. It was carefully distinguished from paraseptal
emphysema by the number of layers.

The diagnostic radiologists determined the ILAS
without obtaining any clinical data. Two board-certified
diagnostic radiologists with 16 and 15 years of experience
retrospectively evaluated the chest CT images of patients
pre-DRT independently. When their scores did not match,
another board-certified chest radiologist with 32 years of
experience was asked to determine the final ILASs.

Statistical analyses

The association between ILASs and steroid-RP was
evaluated by analyzing the ECOG PS, age, sex, diabetes
mellitus, administration of proton pump inhibitor, con-
current administration of chemotherapy, location of the
primary tumor, body mass index, total radiation dose,
respiratory function, Brinkman index, the volume of heart
and lungs during expiration, the volume of lung/heart, and

o)

Figure 1

2

Examples of original interstitial lung abnormality scores: 0, none (left); 1, interstitial lung abnormality without honey-

combing (ground-glass attenuation, fine reticular opacity, and microcysts) (middle); 2, honeycombing (right).
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Table 1

Patient and treatment characteristics

Characteristic

Age in years, median (range)
Performance status
0
1
2
Unknown
Sex
Men
Women
Brinkman Index, median
(range)
Diabetes mellitus
Internal medicine
Angiotensin-converting
enzyme inhibitor
Antiplatelet drug
Anticoagulant
Proton pump inhibitor
Volume of lung at expiration,
median (range)
Volume of heart, median (range)
Pulmonary function test
FVC in L, median (range)
%V C, median (range)
FEV1.0 in L, median (range)
FEV1.0%, median (range)
Tumor location
Lower lobe
Others
TNM classification
(UICC, 8" edition)
Stage
1IB
1A
111B
Ic
T stage

N stage

Stage
1B
1A
1B
Ic
Pathology
Squamous cell carcinoma
Adenocarcinoma
Others

68 (28-85)

93
49
2
1

105
40
840 (0-5200)

37
4

14
8
75

2826 cm® (1570-5337)

599 cm’ (366-1003)

2.69 (range,1.00-4.88)
98.5 (range, 53.8-142.7)
2.06 (range, 0.78-4.14)
72.5 (range, 26.0-96.7)

43
102

71
48
18

32
47
28
36

3
20
88
34

8
71
48
18

77
49
19

(continued on next column)

Table 1 (continued)

Characteristic

Concurrent chemotherapy

Yes 110
Cisplatin + Vinorelbine 76
Low dose weekly 17
Carboplatin
Others 17

No 35

Radiation dose

> 66 Gy 62

60 Gy 82

Others 1

ILAS!

0 117

1 19

2 9

Abbreviations: FVC = forced vital capacity; %VC = vital capacity
percentage; FEV1.0 = forced expiratory volume in one second;
FEV1.0% = forced expiratory volume % in one second; ILAS =
interstitial lung abnormality score; UICC = Unio Internationalis
Contra Cancrum.

DVH metrics of lung or heart (MLD, lung V5, 10-50,
VS5, and the mean heart dose) using a generalized Wil-
coxon test. The cutoff values of continuous variables were
set as the median values. Factors with a P value of <.1 in
the univariate analysis were assessed through a Cox
regression multivariate analysis. Statistical significance
was defined as P < .05. Statistical analyses were per-
formed using IBM SPSS Statistics (v19.0.0) (IBM Corp.,
Armonk, NY).

Ethical approval

All analyses involving human participants performed
in this study were approved by the institutional research
committee of the National Cancer Center (approval
number, 2017-091) and were in accordance with the
ethical standards of the committee and with the 1964
Helsinki Declaration and its later amendments or com-
parable ethical standard.

Results

Patient and treatment characteristics

Patient and treatment characteristics are shown in
Table 1. The median age was 68 years; of the total pa-
tients, 105 were men and 40 were women. CCRT was
administered to 110 patients (75.9%). The chemotherapy
regimen primarily included cisplatin plus vinorelbine.
Results of the DVH analysis of the lung and heart are
shown in Table E1. The median lung V5/V20/VS5 and
median MLD were 37.0% (range, 16.6-63.1)/23.8%
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(range, 7.8-39.1)/1702 cm’® (range, 822-3834) and 13.9
Gy (range, 3.1-47.9), respectively. The median mean
heart dose was 8.0 Gy (range, 0.2-47.0).

Radiologic characteristics

The slice thickness of diagnostic CT was 1 mm in 129
patients, >1 mm to <2 mm in 6 patients, >2 mm to <3
mm in 5 patients, and 5 mm in 5 patients. The median
period from the day when diagnostic CT images were
taken to the day of the initiation of DRT was 20 days
(range, 1-119). With regard to the ILASs, 2 radiologists
agreed with the scores of 115 patients (79.3%), and
another chest radiologist was asked to determine the
ILASs of the other 30 patients. All the radiologists did not
agree on the ILAS of 1 patient. Finally, 117 patients were
scored as 0, 19 patients as 1, and 9 patients as 2.

Steroid-RP and steroidal administration

The median follow-up period was 729 days. Thirty-
one patients (21.4%) experienced steroid-RP. Of 31 pa-
tients, 10 (6.9%) experienced grade 3 RP, and 2 (1.4%)
experienced grade 5 RP (Table 2). The ILAS of the 2
patients with grade 5 RP was 2. The median period be-
tween the initiation of DRT and the occurrence of steroid-
RP was 139 days (range, 49-250). In 2 patients who
experienced grade 5 RP, steroid-RP occurred within 53
days and 70 days from the initiation of DRT.

To treat steroid-RP, a median dose of 30 mg (range,
15-60 mg) of prednisolone was administered as an initial
dose in 27 patients, and steroid pulse therapy using
methylprednisolone at a dose of 1000 mg per day was
administered in 4 patients. In all patients, the initial ste-
roid dose was not increased; in 4 patients, the steroid dose
was increased again while the dose was tapered. Of the 4
patients, steroid administration was increased to twice in 2
patients. Except 7 patients (2 who died of RP, 2 who died
of lung cancer, and 3 who were lost to follow-up as they

Table 2 Number of patients who experienced radiation
pneumonitis in accordance with CTCAE criteria and steroid-
RP

ILAS 0
RP grade (CTCAE v.5.0), n (%)

ILAS 1 ILAS 2

Grade 2 21/117 (17.9) 7/19 (36.8) 2/9 (22.2)
Grade 3 6/117 (5.1) 2/19 (10.5) 2/9 (22.2)
Grade 4 0/117 (0.0)  0/19 (0.0)  0/9 (0.0)
Grade 5 0/117 (0.0)  0/19 (0.0) 2/9 (22.2)
Steroid-RP, n (%) 17/117 (14.5) 8/19 (42.1) 6/9 (66.7)
Abbreviations: CTCAE = Common Terminology Criteria for
Adverse Events; ILAS = Interstitial Lung Abnormality Score; RP
= radiation pneumonitis; steroid-RP = radiation pneumonitis

requiring steroidal treatment.

Table 3  Univariate and multivariate analyses of predictive
factors of radiation pneumonitis requiring steroidal treatment

Parameters Cutoff Univariate Multivariate
value analysis analysis
P value P value
ILAS Ovs 1 <.001 <.001
or2

Brinkman Index 840 .032 123
Lung V5 37% 015 .100
Lung V10 29% .027

Lung V20 24% .085

Lung V30 19% 102

Lung V40 16% .080

Lung V50 11% .164

Lung VS5 1700 cm®  .037

Mean lung dose 14 Gy 058

Age 68 978

Sex 412

Diabetes mellitus 978
Performance status Ovs1 .565

or 2

Proton pump inhibitor 284

Lower lobe tumor 460

Volume of lung at 2830 cm®  .535

expiration

Volume of heart 600 cm’ 838
Chemoradiotherapy 124

Mean heart dose 8 Gy 127

Max heart dose 64 Gy 818

Total radiation dose ~ >60 Gy .833

%V C 99% .385

FEV,.0 2.1L .618

FEV,.0% 74% 202

Body mass index 22.0 463

Abbreviations: %VC = vital capacity percentage; CTCAE
Common Terminology Criteria for Adverse Events; FEV1.0
forced expiratory volume in one second; FEV1.0% = Forced
expiratory volume % in one second; ILAS = Interstitial Lung Ab-
normality Score; steroid-RP = radiation pneumonitis requiring ste-
roidal treatment.

transferred to different hospitals without discontinuing
steroid therapy), the median length of steroid treatment
was 54 days (range, 33-215 days).

Univariate and multivariate analyses of risk
factors for steroid-RP

The results of statistical analyses of the risk factors of
steroid-RP are shown in Table 3. In the univariate anal-
ysis by generalized Wilcoxon test, [LASs 1 or 2 (vs 0) (P
< .001), lung V5 >37%, V10 >29%, VS5 >1700 cm® (P
= .015, 0.027, and 0.037), and Brinkman index > 840 (P
= .032) were significant predictive factors of steroid-RP.
In contrast, lung V20/V30/V40/V50, MLD, age, diabetes
mellitus, ECOG PS, administration of chemotherapy or
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proton pump inhibitor, tumor location, lung or heart
volume, mean heart dose, total radiation dose, respiratory
function, and body mass index were not significant risk
factors of steroid-RP. Moreover, the multivariate analysis
including Brinkman index >840, lung V5 >37%, and an
ILAS 1 or 2 (vs 0) revealed that only an ILAS (P < .001)
was statistically significant independent predictive factors
of steroid-RP. The Kaplan—Meier survival curves of
steroid-RP-free survival rate by ILAS are shown in
Figure 2. Additionally, lung doses according to ILAS
groups (ILAS O vs 1 or 2) were compared with the
Mann—Whitney U test. Lung V5/V10/V20/V30/V40/
MLD was significantly higher in those whose ILASs were
1 or 2 (P = .002/0.004/0.006/0.026/0.037/0.014).

Discussion

In this study, the predictive factors of steroid-RP in
patients with LA-NSCLC who received DRT with
3DCRT technique were investigated. Lung dose was
higher in those whose ILASs were 1 or 2, but the multi-
variate analysis including lung dose and an ILAS revealed
that a simple original ILAS was the only significant risk
factor of steroid-RP.

Various predictive factors of RP were reported in
previous studies.”®”'*'® A prospective study of 96
patients who received thoracic radiation therapy for
stage TA to IIIB NSCLC revealed that MLD, lung V20,
and lung V30 were predictive factors of RP >grade 2;
however, in this study, only 7 patients (7.8%) experi-
enced RP >grade 2.'” Patients with pulmonary fibrosis
develop severe RP.”'*'*?%?! Some pulmonary fibrosis
scores were applied in previous studies.'™'* Tsujino K
et al and Ozawa Y et al examined the presence of chest
pulmonary fibrosis based on the area of interstitial lung
disease. However, it is difficult to accurately evaluate
the area of interstitial lung disease. Thus, in this study, a
simple original ILAS was developed, and the correlation
between this score and steroid-RP was investigated. To
ensure the accuracy of the diagnosis, 3 experienced ra-
diologists determined the ILASs. In approximately 80%
of the patients, 2 radiologists assigned the same score;
all radiologists provided different ILASs in only 1 pa-
tient. This means that even radiologists who are not
specialized in chest radiology could provide accurate
ILASs. Because the ILAS is a very simple and easy-to-
use tool, it is considered a good predictive indicator of
steroid-RP.

ILAS O vs. 1 p = 0.0029
ILASOvs.2  p=0.000002
ILAS 1 vs. 2 p=0.114

ILAS Steroid-RP (n, %)

0 | 17/117 (14.5%)
—1 | 8/19 (42.1%)

2 | 6/9(66.7%)
—+—0-| censored
——1- censored
—+—2- censored

1000 1500 2000

Days from the initiation of DRT

1.0
0.8
2
o
5 06
w
@
4
Y
o
i
°
s 04
—
K]
wn
0.2
0.0
0 500
No. at Risk
ILAS 0 117 80
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Figure 2
line: O; red line: 1; green line: 2).

30 3 0
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Kaplan—Meier survival curves of radiation pneumonitis not requiring steroids by interstitial lung abnormality scores (blue
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One of the most significant points of this study is that
the steroidal administration requirement was used as the
criteria for RP. In previous studies, “grade 2” or “grade
3” based on the CTCAE was used to evaluate the
severity of RP. Nonetheless, the definition of grade 2
pneumonitis has a broad meaning. Consequently, pre-
dictive factors of steroid-RP have not been clarified.
Only 20.9% patients experienced RP >grade 2 in this
study, although 43.4% patients experienced RP >2 grade
in a previous study conducted in Japan.'” This difference
is probably due to the difference in the method used for
evaluating “grade 2 RP.” Moreover, previously reported
predictive factors were widely investigated in patients
who received well-balanced treatment, taking into ac-
count these background factors. All the patients who
received DRT—that is, preoperative, postoperative, or
palliative radiation therapies—were excluded. Addi-
tionally, all patients were treated with 3DCRT only, and
2-dimensional technique or intensity modulated radia-
tion therapy (IMRT) technique was not employed. All
organs at risk were recontoured by 1 radiation oncologist
in accordance with Radiation Therapy Oncology Group
1106 trial atlas recommendations.'’

Immunotherapy employing immune checkpoint in-
hibitors causes pneumonitis.”* > In the study by Khunger
M et al, pneumonitis of any grade occurred in 1.3% of the
patients treated with programmed death ligand 1 in-
hibitors only.”® In contrast, in a phase 3 Pacific study
comparing CCRT plus adjuvant durvalumab with CCRT
alone, pneumonitis or RP of any grade occurred in 33.9%
of patients treated with CCRT plus adjuvant durvalumab
and 24.8% of those treated with CCRT plus placebo.
Namely, the incidence of pneumonitis increases in pa-
tients treated with immunotherapy after CCRT compared
with those treated with either immunotherapy alone or
CCRT alone. Furthermore, there is a possibility that ste-
roidal administration decreases the effect of immuno-
therapy. Baseline steroid use was associated with poorer
outcome in patients with NSCLC and patients with mel-
anoma treated with immune checkpoint inhibitors."”’
Accordingly, the prediction of steroid-RP has become
more significant in the radioimmunotherapy era.

Nonetheless, there are some limitations in this study.
The IMRT technique has been recently used in DRT for
NSCLC, but it remains unclear that this ILAS is useful for
predicting steroid-RP in DRT with IMRT. The difference
of radiation dose distribution”® and clinical outcomes””*
between 3DCRT and IMRT has also been reported.
However, in this study, to homogenize the patient back-
ground, patients treated with the IMRT technique were
eliminated. Additionally, patients did not receive 4-
dimensional simulation imaging but rather inhale-exhale
scans. As 4-dimensional imaging has becoming increas-
ingly common, once again it is unclear if this finding is
translatable to current treatment paradigms. Further
research will be needed on this issue. Moreover, the

regimen mainly administered in this study was cisplatin
and vinorelbine. This is not a commonly used regimen
and is not listed on NCCN guidelines presently. Besides,
only 76% of patients received concurrent chemotherapy.
Furthermore, adjuvant durvalumab after CCRT could in-
crease steroid-RP compared with CCRT alone. Thus, it is
unclear if the findings of this report are translatable to
concurrent administration of the presently recommended
regimen with radiation therapy and adjuvant durvalumab.
In addition, the number of patients, particularly patients
with ILAS 1 or 2, was small, and this report is a retro-
spective study, so it could include some unknown biases.

Conclusions

To the best of our knowledge, this is the first report on
the use of a simple original ILAS as a predictive factor for
steroid-RP in DRT for patients with LA-NSCLC in a
single institution with a large number of patients from
Japan. Further studies are needed to clarify predictive
factors for steroid-RP in patients with LA-NSCLC with
interstitial lung abnormalities.
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