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Abstract

Introduction: Data on the efficacy and risk of curative-intent chemoradiotherapy in patients with
inoperable stage lll non-small-cell lung cancer (NSCLC) and interstitial lung disease (ILD) are limited. The
aim of this study was to explore the impact of ILD classification on acute exacerbation (AE) of ILD and
prognosis in patients with stage Il NSCLC and ILD treated with chemoradiotherapy.

Materials and methods: We retrospectively reviewed the medical records of patients with stage lll
NSCLC and ILD treated with curative-intent chemoradiotherapy as the first-line treatment at the
Shizuoka Cancer Center between June 2009 and May 2014.

Results: Of 37 patients, 17 (46%) developed AE of ILD worse than grade 3 within 1 year after the last
irradiation. In univariate analysis, the incidence rate of AE of ILD was lower in patients with a non-usual
interstitial pneumonia (UIP) pattern than in those with a UIP pattern. Multivariate analysis showed that
ILD classification was significantly associated with the incidence of AE of ILD. The median overall survival
(OS) durations in patients with a non-UIP pattern and a UIP pattern were 16.5 and 9.3 months,
respectively. In univariate analysis, patients with a non-UIP pattern showed better survival. Multivariate
analysis showed that ILD classification was a significant independent prognostic factor.

Conclusion: The incidence of AE of ILD was high in patients with stage Ill NSCLC and ILD treated with
chemoradiotherapy as the first-line treatment. However, diagnosis of a non-UIP pattern could predict
lower risk of AE of ILD and longer OS durations.

Key words: non-small cell lung cancer, interstitial lung disease, acute exacerbation, usual interstitial pneumonia,
non-usual interstitial pneumonia

Introduction

In patients with inoperable localized stage I-IIl ~ prolonged survival [1-8]. However, the propriety of
non-small-cell lung cancer (NSCLC), radiotherapy is  radiotherapy should be discussed in the case of
required for achieving durable local control and  patients with interstitial lung disease (ILD) [9], which
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includes many different lung diseases that cause
inflammation or fibrosis in the interstitial tissue of the
lung [10, 11]. Among patients with NSCLC and ILD,
the most serious issue is acute exacerbation (AE) of
ILD caused by anticancer treatment [9, 12-22].
Pulmonary fibrosis identified on a plain chest
radiograph was reported to be strongly associated
with  treatment-related death after thoracic
radiotherapy [9]. Moreover, some reports have shown
that the presence of interstitial changes on chest
computed tomography (CT) could be a risk factor for
AE of ILD triggered by radiotherapy [14-20, 23].
Therefore, patients with NSCLC and ILD are often
excluded from clinical trials and even clinical settings
concerned with radiotherapy for the treatment of lung
cancer because they are considered to be at high risk
for AE of ILD triggered by radiotherapy. Several risk
factors, such as the volume of irradiated lung; mean
lung dose; pretreatment serum KL-6, SP-D, lactate
dehydrogenase (LDH), and C-reactive protein (CRP)
levels; low partial pressure of arterial oxygen (PaOy)
before radiotherapy; and pretreatment presence of
ILD, have been reported for radiation pneumonitis in
patients with early-stage or advanced lung cancer
with or without ILD [9, 12, 14-20, 24-26]. However,
exploration of the risk factor for AE of ILD in patients
with NSCLC and ILD treated with chemoradio-
therapy remains limited. Thus, identifying patients at
a low risk of the AE of ILD and long-term survival
treated with radiotherapy among patients with
NSCLC and ILD is imperative. The aim of this study
was to explore the impact of ILD classification on the
development of AE of ILD, including radiation
pneumonitis, and prognosis in patients with stage III
NSCLC and ILD after treatment with chemoradio-
therapy at our institution.

Materials and Methods

We retrospectively reviewed the medical records
of patients with stage IIIl NSCLC and ILD treated with
curative-intent chemoradiotherapy or curative-intent
radiotherapy alone or chemotherapy alone as the
first-line treatment at the Shizuoka Cancer Center
between June 2009 and May 2014. Both concurrent
and sequential chemoradiotherapy as the first-line
treatment was included in the analysis. Patients
treated with the first-line treatment who could not be
followed up within 30 days after the last day of the
first-line treatment were excluded from the analysis.
We also reviewed the medical records of patients with
stage III NSCLC without ILD treated with
radiotherapy, with or without chemotherapy, in our
institution at the same time.

A treatment planning CT study was performed
to define gross tumor volume (GTV), clinical target

volume, and planning target volume (scan thickness <
5 mm). The primary tumor and clinically positive
lymph nodes seen either on planning CT (short-axis
diameter > 1 cm) or pretreatment positron emission
tomography represented the GTV. The choice of
whether or not to administer elective nodal
irradiation depended on the physician. All patient
treatment plans were designed on the basis of a
3-dimensional treatment planning system. X-rays at
6-10 MV were used in 2-Gy fractions 5 times weekly.
All radiation doses were calculated with inhomogen-
eity corrections (superposition-convolution dose
calculation algorithms or an analytical anisotropic
algorithm). Planning for the total dose of
curative-intent radiotherapy was defined as a dose
over 56 Gy in 1.8 to 2.0 Gy fractions [27-29]. Each dose
was prescribed to the isocenter of possible cases. Lung
V20 indicated the percentage of total lung volume
receiving 20 Gy. We planned the lung V20 less than 35
percent [30].

ILD in this study was defined as chronic,
progressive fibrosing interstitial pneumonia of
unknown cause occurring primarily in older adults or
associated with connective tissue disease and
occupation. On the other hand, infectious lung disease
and drug-induced pneumonia were excluded from
this study. ILD was divided into an usual interstitial
pneumonia (UIP) or non-UIP pattern using thoracic
CT. The diagnosis of a UIP pattern was based on the
following CT features, as defined by the International
Consensus Statement of the American Thoracic
Surgery and the European Respiratory Society:
subpleural distribution, honeycombing, traction
bronchiectasis, and architectural distortion [31].
Thoracic CT images prior to treatment were evaluated
by two radiologists (M.E. and H.H.) and two
pulmonologists (H.K. and T.N.) without knowledge
of the patient outcomes. The definition of AE of ILD
was any acute respiratory event characterized by new
bilateral ground glass-opacification/consolidation
that was not fully explained by cardiac failure or fluid
overload [32]. The severity of AE of ILD, including
radiation pneumonitis, was evaluated with reference
to pneumonitis grading using the National Cancer
Institute Common Terminology Criteria version 4.0
[33]. Grades 3, 4, and 5 of AE of ILD were defined as
the administration of steroid therapy because of
hypoxia, administration of intravenous pulse steroid
therapy, and death, respectively.

Univariate and multivariate analyses of the
incidence rate of AE of ILD, overall survival (OS), and
2-year survival were performed using a Cox
proportional hazards approach. OS was defined as the
time from the start of the first-line treatment to death.
The parameters assessed with regard to the incidence
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of AE of ILD were sex, age, Eastern Cooperative
Oncology Group (ECOG) performance status (PS),
smoking history, ILD classification on CT, percentage
of vital capacity (% VC), V20, and imaging findings of
lung volume loss or honeycombing. Additionally, the
parameters assessed with regard to OS were sex, age,
ECOG-PS, smoking history, clinical staging, ILD
classification on CT, %VC, and imaging findings of
lung volume loss or honeycombing. All categorical
variables were analyzed using Fisher’s exact test and
continuous variables were analyzed using the x? test.
Event time was estimated using the Kaplan-Meier
method. The log-rank test was used to compare
cumulative survival in each group. The end date for
survival analyses was March 1, 2017. All p-values are
two-sided and values <0.05 were considered
statistically significant. All statistical analyses were
performed using JMP® 11.2.0 software (SAS Institute,
Cary, NC). The study protocol was approved by the
institutional review board of Shizuoka Cancer Center
(IRB No. 28-J167-28-1-3).

Results

Patient characteristics

Among 79 patients with stage III NSCLC and
ILD during the study period, 37 were treated with
curative-intent chemoradiotherapy as the first-line
treatment. The characteristics of these patients are
shown in Table 1. ILD was classified as a UIP pattern
in 11 patients (30%) and as a non-UIP pattern in 26
patients (70%) on pretreatment thoracic CT. The
non-UIP pattern group in this study included 18
patients with non-specific interstitial pneumonia, 6
patients with airway centered fibrosis, and 2 patients
with organizing pneumonia. Additionally, 4 patients
had lung volume loss on thoracic radiography or
honeycombing on thoracic CT.

In comparison with patients treated with
radiotherapy alone as the first-line treatment, patients
treated with chemoradiotherapy had a significantly
better %VC (p = 0.0159). Additionally, in comparison

Table 1. Baseline characteristics of the patients in this study

with patients treated with chemotherapy alone as the
first-line treatment, patients treated with
chemoradiotherapy had a significantly higher rate of
diagnosis of a non-UIP pattern (p = 0.0099), had
significantly less frequent findings of lung volume
loss on thoracic radiography or honeycombing on
thoracic CT (p = 0.0010), and had significantly better
%VC (p = 0.0050). Therefore, patients with stage III
NSCLC and ILD treated with chemoradiotherapy
could be diagnosed with milder ILD compared to that
in patients treated with radiotherapy alone or
chemotherapy alone.

For patients treated with chemoradiotherapy,
the frequency and composition of chemotherapy
regimens administered during the study period are
shown in the Supplementary Table 1. Daily low-dose
carboplatin was the most frequently used first-line
chemotherapy combined with radiotherapy in
patients with NSCLC and ILD in this study. No
patient received treatment with any currently used
medicines for ILD (i.e., pirfenidone, nintedanib, and
immunosuppressive agents).

The median follow-up duration for censored
cases was 40.1 months (range, 9.3-93.8 months).

Acute exacerbation of interstitial lung disease

Of the 37 patients, 17 (46%; 95% CI, 31%-62%)
developed AE of ILD worse than grade 3 within 1
year after the last irradiation. AEs of ILD of grades 3,
4, and 5 were experienced by 15, 1, and 1 patients,
respectively. Additionally, the number of patients
with AE of ILD that developed within 30 days after
the last irradiation was 4, and these patients did not
die within 90 days after the day of the onset of AE of
ILD. On the other hand, among 273 patients with
stage III NSCLC without ILD treated with
radiotherapy with or without chemotherapy at the
same time in our institution, radiation pneumonitis of
grades 3, 4, and 5 was experienced by 23 (8.4%), 3
(1.1%), and 1 (0.4%) patients, respectively.

First-line treatment Chemoradiotherapy Radiotherapy Chemotherapy
(N =37) (N =17) (N =25)
Variable
Age, median (range) 73 (52-85) 80 (59-89) 69 (58-81)
Sex, male/female 32/5 15/2 21/ 4
PS,0/1/2 15/22/0 6/7/4 10/15/0
Clinical staging (the 7th edition of the TNM classification), IITA/IIIB 20 / 17 8/9 10/ 15
Smoking history, yes/no 33/4 16/1 24 /1
Histology, squamous/non-squamous 19/ 18 7/10 13/ 12
ILD classification on CT, UIP pattern/non-UIP pattern 11/ 26 6/11 16/9
%VC, median (range) 96 (59-129) 86 (62-112) 85 (64-121)
V20, median (range) 27 (12-35) 25 (14-36)
The number of patient with lung volume loss or honeycombing 4 4 13

ILD, interstitial lung disease; CT, computed tomography; UIP, usual interstitial pneumonia; VC, vital capacity.
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Table 2. Univariate and multivariate analyses of acute exacerbation of interstitial lung disease (ILD) in patients with stage lll non-small-cell

lung cancer and ILD treated with chemoradiotherapy (n = 37)

Variable Univariate analysis Multivariate analysis
Odds ratio  95% CI p-value Odds ratio  95% CI p-value

Sex (female vs. male) 1.92 0.28-13.2 0.6443

Age (275 years vs. <75 years) 0.31 0.07-1.28 0.1734

ECOG-PS (1 vs. 0) 1.50 0.40-5.66 0.7384

Smoking history (never vs. current or former smoker) 4.07 0.38-43.4 0.3153

ILD classification on CT (non-UIP vs. UIP pattern) 0.10 0.017-0.56 0.0097 0.11 0.014-0.60  0.0095
%VC (280 vs. <80) (n = 34) 0.76 0.09-6.17 1.0000

V20 (225 vs. <25) (n = 35) 4.81 1.03-22.6 0.0776 3.61 0.043-1.43  0.1270
The finding of lung volume loss or honeycombing (either or both vs. none) 4.07 0.38-43.4 0.3153

AE, acute exacerbation; ILD, interstitial lung disease; NSCLC, non-small-cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group performance score; CT, computed
tomography; UIP, usual interstitial pneumonia; VC, vital capacity; CI, confidence interval

Table 3. Univariate and multivariate analyses of PFS in all patients with stage Il NSCLC and ILD treated with chemoradiotherapy

Variable Univariate analysis Multivariate analysis
Relative risk  95% CI p value  Relative risk 95% CI p value

Sex (Female vs Male) 1.17 0.39-2.84 0.7520

Age (275 years vs <75 years) 1.30 0.61-2.68 0.4770 1.23 0.56-2.62 0.5866
ECOG-PS (1vs 0) 0.95 0.46-2.03 0.8903 0.87 0.40-1.93 0.7318
Smoking history (never vs current or former smoker) 2.65 0.75-7.37 0.0733 1.81 0.46-5.83 0.3670
Clinical staging (IIIB VS IIIA) 0.91 0.44-1.86 0.8030

Histology (squamous vs non-squamous) 1.51 0.73-3.19 0.2642

ILD classification on CT (non-UIP vs UIP pattern) 0.24 0.084-0.67  0.0032 0.27 0.090-0.76  0.0138
%VC (280 vs <80) (N=34) 0.80 0.27-3.41 0.7217

The finding of lung volume loss or honeycombing (either or both vs nothing)  2.25 0.51-7.01 0.1943

PFS, progression-free survival; NSCLC, non-small-cell lung cancer; ILD, interstitial lung disease; ECOG PS, Eastern Cooperative Oncology Group performance score; CT,
computed tomography; UIP, usual interstitial pneumonia; VC, vital capacity; CI, confidence interval

Table 4. Univariate and multivariate analyses of overall survival in patients with stage Ill non-small-cell lung cancer and interstitial lung

disease treated with chemoradiotherapy (n = 37)

Variable Univariate analysis Multivariate analysis

Relative risk  95% CI p-value Relative risk 95% CI  p-value
Sex (female vs. male) 0.94 0.22-2.79 0.9329
Age (275 years vs. <75 years) 0.88 0.35-2.04 0.7718 0.75 0.29-1.81 0.5358
ECOG-PS (1 vs. 0) 0.90 0.39-2.14 0.8085 1.09 0.45-2.73  0.8412
Smoking history (never vs. current or former smoker) 1.79 0.41-5.50 0.3544
Clinical staging (IIIB vs. II1A) 0.81 0.35-1.88 0.6140
Histology (squamous vs. non-squamous) 0.72 0.30-1.69 0.4499
ILD classification on CT (non-UIP vs. UIP pattern) 0.080 0.022-0.26  <0.0001 0.073 0.019-0.25 <0.0001
%VC (280 vs. <80) (n = 34) 2.66 0.55-47.8 0.3207
The finding of lung volume loss or honeycombing (either or both vs. nothing)  2.77 0.41-11.2 0.1835

OS, overall survival; NSCLC, non-small-cell lung cancer; ILD, interstitial lung disease; ECOG PS, Eastern Cooperative Oncology Group performance score; CT, computed
tomography; UIP, usual interstitial pneumonia; VC, vital capacity; CI, confidence interval

The findings of the univariate and multivariate
analyses on the relationship between the incidence of
AE of ILD and each individual factor in all patients
with stage III NSCLC and ILD treated with
chemoradiotherapy during the study period are
shown in Table 2. In univariate analyses, patients with
a non-UIP pattern showed a lower incidence rate of
AE of ILD compared to that in those with a UIP
pattern (31% vs. 82%, p = 0.0097). Moreover, patients
with V20 of 225% showed a higher incidence rate of
AE of ILD compared to that in those with V20 of <25%
(59% vs. 23%, p = 0.0776). Multivariate analysis
showed that ILD classification (non-UIP: OR, 0.11;
95% confidence interval [CI], 0.014-0.60; p = 0.0095)
was significantly associated with the incidence of AE
of ILD.

Clinical outcome

The ratio of patients who could not be treated
with a total dose of over 56 Gy was 4% (95% CI, 1-19)
for the non-UIP pattern and 18% (95% CI, 5-48) for the
UIP pattern (p = 0.2053), and the reason was AE of
ILD in all these patients.

The median progression-free survival (PFS)
duration at the first-line treatment was 13.7 months in
all patients with stage III NSCLC and ILD treated
with chemoradiotherapy (Fig. 1A). The findings of
univariate and multivariate analyses with regard to
PFS in all patients with stage III NSCLC and ILD
treated with chemoradiotherapy are shown in Table 3.
In univariate analysis, patients with a non-UIP pattern
showed better progression-free survival than those
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with a UIP pattern (median OS, 16.5 vs. 9.3 months, p
= 0.0032, Fig. 1B). Multivariate analysis of prognostic
factors showed that ILD classification [non-UIP
pattern: hazard ratio (HR), 0.27; 95% CI, 0.090-0.76; p
= 0.0138] was a significant independent prognostic
factor. The median OS duration at the first-line
treatment was 34.6 months in all patients with stage
III NSCLC and ILD treated with chemoradiotherapy
(Fig. 2A). The findings of univariate and multivariate
analyses with regard to OS in all patients with stage
III NSCLC and ILD treated with chemoradiotherapy
are shown in Table 4. In univariate analysis, patients
with a non-UIP pattern showed better survival than
those with a UIP pattern (median OS, 43.0 vs. 12.2
months, p < 0.0001, Fig. 2B). Multivariate analysis of
prognostic factors showed that ILD classification
(non-UIP pattern: hazard ratio [HR], 0.073; 95% CI,
0.019-0.25; p < 0.0001) was a significant independent
prognostic factor.

Among all patients with stage III NSCLC and
ILD treated with chemoradiotherapy, the 2-year
survival rate was 54%. The 2-year survival rates in
patients with a non-UIP pattern and those with a UIP
pattern were 72% and 0%, respectively.

A
1.0
E 0.8 Median PFS 13.7
F
3%
8‘ :: 0.6
=1
-]
= =]
2 E o4
ze
[}
h
=]
g 0.2
0.0
0 12 24 36 48 60 72 84 96
Time (months)
B
Median PFS
Non-UIP 16.5
£ : — Ul 93
‘5 i ll
o ,_?-3 i HR 0.243 (95% CI 0.0842-0.667); p = 0.0032
£z :
= & Ll
2 8 1
2 & :
E ——————
%0 1
g e

0 12 24 36 48 60 72 84 96

Time (months)

Figure 1. A) Progression-free survival curve at the first-line treatment for 37
patients with stage [Il NSCLC and ILD. B) Progression-free survival curve at the
first-line treatment for 11 patients with stage [Il NSCLC and a UIP pattern and
26 patients with stage Ill NSCLC and a non-UIP pattern. PFS, progression-free
survival; UIP, usual interstitial pneumonia; HR, hazard ratio; NSCLC, non-small-cell
lung cancer; ILD, interstitial lung disease
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Figure 2. A) Overall survival curve at the first-line treatment for 37 patients
with stage Il NSCLC and ILD. B) Overall survival curve at the first-line
treatment for 11 patients with stage Ill NSCLC and a UIP pattern and 26
patients with stage Il NSCLC and a non-UIP pattern. OS, overall survival; UIP,
usual interstitial pneumonia; HR, hazard ratio, NSCLC, non-small-cell lung cancer;
ILD, interstitial lung disease

Discussion

The present study, to the best of our knowledge,
is the first to report that ILD classification is
significantly associated with the incidence of AE of
ILD and is a prognostic factor in patients with stage II1
NSCLC and ILD treated with curative-intent
chemoradiotherapy.

In this retrospective analysis, patients with
NSCLC and ILD treated with chemoradiotherapy had
a higher incidence of AE of ILD, including radiation
pneumonitis worse than grade 3, within 1 year after
the last irradiation when compared with the incidence
in patients with NSCLC without ILD reported in
pivotal trials [27-29] and in our clinical setting (46%
vs. 0%-10%). Thus, the presence of ILD was a risk
factor for AE of ILD, including radiation pneumonitis
worse than grade 3, as in previous reports [9, 12-16,
18-20, 23]. However, there is no report focusing on
ILD classification for risk factor of AE of ILD in
patients with NSCLC and ILD treated with
radiotherapy. Thus, an important finding is that a UIP
pattern on thoracic CT may be a major risk factor for
AE of ILD in this study. In agreement with this result,
several reports showed that a UIP pattern could
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increase the risk for AE of ILD when compared to the
risk with a non-UIP pattern among non-cancer
patients [34, 35]. Furthermore, the incidence rate and
severity of AE of ILD were significantly higher in
those with a UIP pattern than in those with a non-UIP
pattern among patients with advanced lung cancer
and ILD treated with chemotherapy [36]. Therefore,
ILD classification could be a predictive factor for AE
of ILD in patients with NSCLC and ILD treated with
chemoradiotherapy.

Prospective  phase Il trials in Japan
demonstrated the efficacies of paclitaxel in
combination with carboplatin [28] and docetaxel in
combination with cisplatin [29] for patients with
unresectable stage III NSCLC and reported that the
median OS duration and 2-year survival rate were
22.0 and 26.8 months and 46% and 60%, respectively.
These findings are similar to the median OS duration
and 2-year survival rate for patients with a non-UIP
pattern in this study. On the other hand, the prognosis
of patients with a UIP pattern in this study was worse
than that of patients reported in the abovementioned
trials. In agreement with these results, some reports
have revealed that non-cancer patients with a
non-UIP pattern had significantly longer OS than that
in those with a UIP pattern [37, 38]. Therefore, ILD
classification could be a prognostic factor for patients
with NSCLC and ILD treated with chemoradio-
therapy. Additionally, these abovementioned trials
demonstrated that the median PFS durations were 9.5
and 10.5 months, respectively. Based on the results,
the antitumor effect of chemoradiotherapy as the
first-line treatment in patients with stage III NSCLC
and ILD in this study was similar to that reported in
the previous trials. However, in this study, patients
with a UIP pattern had a significantly shorter PFS
duration compared to that in patients with a non-UIP
pattern. The possible reason for this is that patients
with a UIP pattern tended to be unable to complete
curative-intent  radiotherapy  because of the
occurrence of AE of ILD.

Several limitations of this study should be
considered. First, chemotherapy regimens at the
first-line treatment varied. However, none of the
patients underwent regimens contraindicated for ILD.
Therefore, the potential impact of chemotherapy
regimens on the incidence of AE of ILD is expected to
be minimal. Second, this was a retrospective,
non-randomized study conducted at a single center.
Nevertheless, this is the first report which stated that
ILD classification is significantly associated with the
incidence of AE of ILD, including radiation
pneumonitis, and is a prognostic factor in patients
with inoperable stage IIl NSCLC and ILD treated with
curative-intent chemoradiotherapy.

In conclusion, this study showed that the
incidence of AE of ILD was high in patients with stage
III NSCLC and ILD treated with chemoradiotherapy
as the first-line treatment. However, a non-UIP
pattern, which does not exhibit lung volume loss on
thoracic radiography and honeycombing on thoracic
CT, significantly reduced the risk of ILD-AE,
including radiation pneumonitis, and resulted in
longer PFS and OS durations as well as a higher
2-year survival rate in this study. Therefore,
radiotherapy might be effective in patients with
NSCLC and milder ILD with a diagnosis of non-UIP
pattern, which does not exhibit lung volume loss on
thoracic radiography and honeycombing on thoracic
CT, although there still remains a high risk for AE of
ILD triggered by radiotherapy in this population. In
the future, we need to analyze the risk and efficacy of
chemoradiotherapy in patients with stage III NSCLC
and a non-UIP pattern using multi-institutional data.
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