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Background. The relationship between interstitial lung abnormalities (ILAs) and the outcomes of lung cancer radio-
therapy is unclear. This study investigated whether specific ILA subtypes are risk factors for radiation pneumonitis (RP).
Patients and methods. This retrospective study analysed patients with non-small cell lung cancer treated with
radical-intent or salvage radiotherapy. Patients were categorised into normal (no abnormalities), ILA, and interstitial
lung disease (ILD) groups. The ILA group was further subclassified intfo non-subpleural (NS), subpleural non-fibrotic (SNF),
and subpleural fibrotic (SF) types. The Kaplan-Meier and Cox regression methods were used to determine RP and
survival rates and compare these outcomes between groups, respectively.

Results. Overall, 175 patients (normal, n = 105; ILA-NS, n = 5; ILA-SNF, n = 28; ILA-SF, n = 31; ILD, n = 6) were enrolled.
Grade 22 RP was observed in 71 (41%) patients. ILAs (hazard ratio [HR]: 2.33, p = 0.008), intensity-modulated radio-
therapy (HR: 0.38, p = 0.03), and lung volume receiving 20 Gy (HR: 54.8, p = 0.03) contributed to the cumulative inci-
dence of RP. Eight patients with grade 5 RP were in the ILA group, seven of whom had ILA-SF. Among radically treated
patients, the ILA group had worse 2-year overall survival (OS) than the normal group (35.3% vs 54.6%, p = 0.005).
Multivariate analysis revealed that the ILA-SF group contributed to poor OS (HR: 3.07, p =0.02).

Conclusions. ILAs, particularly ILA-SF, may be important risk factors for RP, which can worsen prognosis. These findings
may aid in making decisions regarding radiotherapy.

Key words: interstitial lung abnormality; subpleural fibrosis; non-smaill cell lung cancer; radiotherapy; radiation pneu-
monitis; survival analysis

Introduction curative treatment for localised NSCLC.? Recently,

the integration of immunotherapy with chemo-
Lung cancer is one of the most common and dead-  radiation has revolutionised the treatment of lo-
liest cancers worldwide, with non-small cell lung  cally advanced NSCLC. For instance, the PACIFIC
cancer (NSCLC) accounting for approximately 85%  trial reported a 5-year overall survival (OS) rate of
of all cases.!? Radiotherapy is a typical non-surgical ~ 42.9% and progression-free survival (PFS) rate of
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33.1% among individuals who received treatment
with durvalumab, an anti-programmed cell death-
ligand 1 antibody, after chemoradiotherapy for
stage III NSCLC.* However, radiation pneumonitis
(RP) is a major concern with this treatment strat-
egy. Patients with grade > 2 RP (according to the
Common Terminology Criteria for Adverse Events
[CTCAE]) from prior chemoradiotherapy cannot
use durvalumab.® Additionally, RP causes respira-
tory insufficiency that severely affects the quality
of life, leading to poor prognosis and even death.®
Risk factors should be identified before treatment
to avoid grade 2 or more severe RP.

Various risk factors for RP have been reported,
such as age, tumour size, and tumour location.”
Interstitial lung disease (ILD) is a significant pre-
disposing condition. Radiotherapy for lung cancer
complicated by ILD induces a high RP rate and
borders on being contraindicated.® In contrast, the
influence of interstitial lung abnormalities (ILAs)
on RP risk remains unclear. Studies investigating
the relationship between ILAs and RP are limited,
and their results are inconsistent; additionally, no
consensus has been reached.’’ ILAs are specific
computed tomography (CT) findings that are po-
tentially compatible with ILD in patients without
clinical indication of the disease. ILAs had been
originally described as non-dependent abnor-
malities affecting more than 5% of any lung zone;
however, they overlapped with other disease con-
cepts.! In 2020, the Fleischner Society clarified
the definition of ILAs and further classified them
into three subtypes—namely, non-subpleural (NS),
subpleural non-fibrotic (SNF), and subpleural fi-
brotic (SF).!? Nevertheless, there are no reports de-
scribing lung cancer radiotherapy’s effect on these
newly defined ILAs.

Therefore, in this study, we retrospectively re-
viewed the data of patients with NSCLC who un-
derwent radiotherapy and conducted a survival
analysis to investigate how the novel ILA subtypes
relate to RP risk.

Patients and methods
Patients

We retrospectively reviewed the medical records
of patients with NSCLC treated with radiotherapy
between January 2010 and November 2021. We
included patients treated with radical-intent ra-
diotherapy for locally advanced NSCLC or with
salvage radiotherapy for locoregional recurrence
postoperatively. Of the 188 consecutive patients
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who met these criteria, 9 who received stereotac-
tic body radiation therapy for salvage and 4 who
had a short follow-up duration (< 6 months) were
excluded. We collected information from the re-
maining 175 patients’” medical records, including
age, sex, Eastern Cooperative Oncology Group
performance status, smoking history, blood sam-
pling, pulmonary function tests, pathology, and
imaging data. Patients treated with radical-intent
radiotherapy were staged according to the 8t edi-
tion of the Union for International Cancer Control
tumour-node-metastasis  classification. = This
study was approved by the Ethics Committee of
Aichi Medical University (approval no. 2021-545)
with an opt-out approach regarding the analysis
before this study. All procedures involved in the
study adhered to the principles of the Declaration
of Helsinki. The requirement for the acquisition of
informed consent from patients was waived ow-
ing to the retrospective nature of this study.

Radiotherapy

Patients were immobilised in the supine position
using an external vacuum-type body mould and/
or thermoplastic body mask, and a CT scan with a
2-mm slice thickness was conducted for treatment
planning. Respiratory motion was confirmed by
obtaining CT images in both the expiratory and
inspiratory phases or during shallow breathing.
Both the target volume and normal organ struc-
tures were contoured using treatment planning
systems (CMS XiO, Elekta, St Louis, MO, USA;
Eclipse, Varian Medical Systems, Palo Alto, CA,
USA; or Maestro, MIM Software, Inc., Cleveland,
OH, USA). The clinical target volume (CTV) was
defined as a 0-5-mm expansion of the primary
tumour and metastatic lymph nodes. To account
for respiratory migration, a 5-15-mm margin was
added to the CTV to define the planning target vol-
ume (PTV). Radiotherapy was delivered by 6- or
10-MV x-rays from linear accelerators (Clinac iX or
TrueBeam STx, Varian Medical Systems, Palo Alto,
CA, USA). Overall, 60 Gy in 30 fractions was de-
livered to the PTV, and 119 (68%) patients received
prophylactic elective nodal irradiation of 40 Gy in
20 fractions to the lymph node area. In exceptional
cases, 11 (6%) patients received dose escalation up
to 64-70 Gy.

Additionally, six (3%) patients underwent hy-
pofractionated radiotherapy of up to 2.7-3 Gy per
fraction to shorten the duration of treatment. The
irradiation methods used were three-dimensional
conformal or intensity-modulated radiotherapy



TABLE 1. Patient characteristics
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- Normal ILA ILD - Normal ILA ILD
Characteristic (n = 105) (n = 64) (n = 6) P Characteristic (n = 105) (n = 64) (n =6 P
71 72 74 36 14 0
Age (vears) (41-90)  (60-8¢)  (63-86) OV e (41%) (33%) (0%
82 52 6 9 7 1
Sex (men) (78%) (81%) (loo%) 970 e (11%) (16%) (25%)
Performance 0.42 Concurrent 65 33 2 0.20
status - B B : chemotherapy (62%) (52%) (33%) )
0 53 37 4 _ Carboplatin + 30 18 2 _
(50%) (58%) (66%) paclitaxel (46%) (55%) (100%)
1 41 19 1 _ Cisplatin + 22 8 0 B
(39%) (30%) (17%) docetaxel (34%) (24%) (0%)
7 7 1 Cisplatin + 13 7 0 _
2 (7%) (11%) (17%) - vinorelbine (20%) (21%) (0%)
4 1 0 17 9 0
3 (4%) (1%) (0%) Durvalumab (16%) (14%) (0%) 0.83
45 47 48.5 . 36 23 0
Pack year (0-171) (0-122) (20-84) 0.98 PD-L1 (positive) (34%) (36%) (0%) 0.99
Pulmonary Mutation - - - 0.99
function test 5 E ;
99.1 103.0 86.9 EGFR -
%VC (%) (41.8-144.2) (41.8-147.5) (55.7-98.8) 0-08 VZ’) (82%) “7]%)
1.9 2.2 2.0 ALK _
(=] 0, ] (=]
A= 4 (0.6-3.6) (0.9-3.5 (1.5-2.1) ©12 (‘fj) (3;) ( 7)
69.2 69.8 74.8 None/unknown =
FEV1/FVC (%) (34.1-98.1) (36.0-85.0) (62.2-86.8) 0.36 Codiofh (87%) (89%) (66%)
adiotherapy
282 370 393 - - - 0.08
- th
L UL (151-3957) (172-896) (204-859) O-¢° method 5 4 s
Pathology - - - 0.01 SDCRT (76%) (63%) (83%) -

. 59 21 2 25 24 1
Adenocarcinoma (56%) (33%) (33%) = IMRT (24%) (37%) (17%) B
Squamous cell 40 38 4 B ENI 77 38 4 0.06
carcinoma (38%) (59%) (67%) (73%) (59%) (67%) :

6 5 0 N Hypofractionated 3 3 0
CllicE (6%) (8%) (0%) radiotherapy (3%) (5%) o7 ¢
Lower-lobe . 6 5) 0
primary lesion 19 14 3 0.20 Dose escalation (6%) (8%) (0%) 0.75
(radical-intent) (22%) (33%) (75%) L d
ung dose
TNM classification 34s 003 34.6
radical-intent - - :
i i ) 053 Y5 {Z) (4.3-90.8) (5.8-95.7) (10.6-66.8) 018
classification - - - . vio (%) 271 304 278 019
1 13 3 0 B ° (2.7-67.7) (3.7-81.4) (8.8-49.9)
(15%) (7%) (0%) V20 (%) 19.8 22.0 226 59
9 23 12 2 _ N (1.1-44.8) (1.0-48.0) (7.3-33.0)
(26%) (28%) (50%) 10.8 1.8 12.3
s e o & - Mean (Gy) (17-23.5) (2.0-19.6) (3.8-18.0) O3
@ O @ Median follow-up 1.8 13 0.9
. 32 15 2 B (years) (0.1-12.1)  (0.1-9.9) (2.1-3.9) 0906
(37%) (35%) (50%) Median follow-up: 2.9 1.9 0.9 0.51
N classification _ — - 0.32 survivors (years) (0.6-12.1)  (0.6-9.9) (0.9-0.9)
0 (9;) “987) (097) - Data are presented as median (range) or number (%). The p-values
© © © represent comparisons between the normal and ILA groups.
16 8 1
! (18%) (19%) (25%) B ALK = anaplastic lymphoma kinase; EGFR = epidermal growth factor
2 16 2 receptor; ENI = elective nodal irradiation; FEV1 = forced expiratory
2 4 — volume in 1 second; FEV1/FVC = forced expiratory volume % in 1
(48%) (37%) (50%) second; ILAs = interstitial lung abnormalities; ILD = interstitial lung
22 1 ] disease; IMRT = intensity-modulated radiotherapy; KL-6 = Krebs von
3 (25%) (26%) (25%) - den Lungen-é; n = total number of patients; PD-L1 = programmed cell
= ° © death-ligand 1; TNM = tumour-node-metastasis; VC = vital capacity
t _ — _ 4 percentage; Vx = percentage of lung volume receiving > x Gy; 3DCRT
Stage 0.40
= three-dimensional conformal radiotherapy%
3 1 0
IMA -
(3%) (2%) (0%)
5 6 0
II'B -
(6%) (14%) (0%)
34 15 3
WA (39%) (35%) (75%)

Radiol Oncol 2023; 57(2): 229-238.

231



232

Ito M et al. / Subpleural fibrotic interstitial lung abnormallities and radiotherapy

TABLE 2. Clinical details of eight patients with grade 5 radiation pneumonitis

T LD subc:iAegory Ru?:lzftl;‘ir:py cr::eonr\‘giur::g:ay A1) Lun(%,;ﬂo Asi::(lg;? Ddceyasf:\o
1 64 SF IMRT Yes No 19.2 12.8 104
2 73 SF 3DCRT Yes No 21.4 13.9 210
3 73 SF IMRT No No 30.6 15.7 123
4 76 SF IMRT Yes Yes 34.1 17.9 155
5 77 SNF 3DCRT No No 33.2 16.5 155
6 79 SF IMRT Yes No SIIES 17.3 160
7 79 SF 3DCRT No No 19.4 9.7 40
8 80 SF 3DCRT No No 27.6 15.2 99

ILAs = inferstitial lung abnormalities; IMRT = intensity-modulated radiotherapy; SF = subpleural fibrotic; SNF = subpleural non-fibrotic; V20 = percentage of lung volume
receiving > 20 Gy; 3DCRT = three-dimensional conformal radiotherapy

(IMRT). Two-step IMRT was used for the entire
period or only as boost irradiation of 20 Gy in 10
fractions.

The dose constraints were as follows: the goals
for the global and spinal maximum doses were
<107% (< 125% allowed) and < 50 Gy (< 52 Gy al-
lowed), respectively, whereas the goals for the lung
volumes were 5 Gy (V5) < 60%, V20 < 25%, and
mean lung dose <12 Gy. Vx refers to the percentage
of the lung volume receiving > x Gy. The goal for
the mean heart dose was < 20 Gy. Allowance val-
ues for lung and heart doses were not set; however,
every effort was made to reduce them as much as
possible.

Chemotherapy and immunotherapy

Patient age, general condition, and organ func-
tion determined the appropriateness of concur-
rent chemotherapy and its regimen. The most
commonly used regimen was weekly carboplatin/
paclitaxel, and cisplatin/docetaxel or cisplatin/vi-
norelbine was also administered. Durvalumab has
been available to patients at our institution since
October 2018. We performed CT after concurrent
chemoradiation therapy was completed to ensure
that there was no disease progression or grade > 2
RP before administration. Durvalumab was intra-
venously administered at a dose of 10 mg/kg every
2 weeks for 1 year. If grade 2 RP appeared, the ad-
ministration was suspended until the patient re-
covered to grade 1. We stopped administration in
cases of serious adverse events, such as grade > 3
RP or confirmed disease progression.
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ILA classification and treatment
outcomes

ILAs were defined according to the Fleischner
Society classification.’? The grouping was primar-
ily performed by two physicians: a chest physi-
cian engaged in ILDs and a diagnostic radiologist
engaged in chest radiology. They reviewed medi-
cal records including past history, family history,
and reasons for imaging studies before reviewing
CT images. Next, they used diagnostic chest CT
images taken before treatment for grouping. All
patients were classified into the following three
groups: normal (no abnormalities), ILA, and ILD.
The ILA group was further subdivided into NS,
SNEF, and SF groups. This process was performed
independently by a chest physician and a diagnos-
tic radiologist without discussion and was later col-
lated. Grouping of any discrepant cases was final-
ized by consultation among the two, with another
radiologist acting as an intermediary. Details of
the CT protocols used for grouping are as follows.
SOMATOM Definition AS/AS+/Flash (Siemens
Healthcare, Miinchen, Germany) and Light
Speed VCT VISION (General Electric Healthcare,
Milwaukee, Wisconsin, USA) CT scanners were
used. Slice thickness was 2-2.5-mm. Tube voltage
was 120 kVp. Tube current was auto exposure con-
trol. Scan mode was helical acquisition. Pitch factor
was 0.8-1.5. Rotation time was 0.3-0.5.

We measured the time to the event from the
date of radiotherapy commencement. Toxicity was
graded according to the CTCAE version 5.0. Grade
2 RP was considered an event with steroid ad-
ministration for chest symptoms; administration
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TABLE 3. Univariate and multivariate analyses of the cumulative incidence of grade > 2 radiation pneumonitis

Univariate analysis

Multivariate analysis

Parameter
HR (95% CI) P HR (95% CI) p
ILA 2.95 (1.81-4.82) <0.001 2.33 (1.18-4.61) 0.01
Age (years) 1.02 (0.99-1.05) 0.14 0.99 (0.95-1.03) 0.78
Sex (men) 1.02 (0.57-1.84) 0.94 - -
Performance status (0,1 vs. 2,3) 1.17 (0.56-2.44) 0.68 - -
Pack year 1.01 (0.99-1.01) 0.27 - -
ZVC (%) 0.99 (0.98-1.01) 0.96 - -
FEV1 (L) 1.01 (0.64-1.55) 0.99 - -
FEV1/FVC (%) 0.99 (0.97-1.01) 0.67 - -
KL-6 (U/mL) 1.00 (0.99-1.01) 0.09 1.00 (0.99-1.01) 0.13
Pathology (adenocarcinoma) 0.58 (0.35-0.94) 0.04 0.85 (0.42-1.72) 0.65
Lower-lobe primary lesion 1.22 (0.69-2.12) 0.49 - -
T classification (T4 vs. others) 0.81 (0.47-1.39) 0.44 - -
N classification (positive) 1.18 (0.51-2.72) 0.70 - -
Concurrent chemotherapy 1.17 (0.72-1.88) 0.53 - -
Durvalumab 1.32 (0.72-2.40) 0.37 - -
PD-11 1.11 (0.54-2.25) 0.78 = =
Mutation 1.24 (0.62-2.49) 0.54 - -
Radiotherapy method (IMRT) 0.69 (0.39-1.19) 0.18 0.38 (0.16-0.91) 0.03
ENI 1.06 (0.65-1.75) 0.81 - -
Lung dose
V5 (%) 2.14 (0.67-6.82) 0.19 * *
V10 (%) 3.93(0.85-18.2) 0.08 * *
V20 (%) 34.8 (3.05-396.4) 0.004 54.8 (1.52-1977.0) 0.03
Mean (Gy) 1.10 (1.04-1.17) <0.001 * *

Cl = confidence interval; ENI = elective nodal irradiation; FEV1 = forced expiratory volume in 1 second; FEV1/FVC = forced expiratory volume %
in 1 second; HR = hazard ratio; ILAs = interstitial lung abnormalities; IMRT = intensity-modulated radiotherapy; KL-6 = Krebs von den Lungen-6; N
= node; PD-L1 = programmed cell death-ligand 1; RP = radiation pneumonitis; T = tumour; %VC = vital capacity percentage; Vx = percentage of

lung volume receiving > x Gy; vs. = versus

* Variables with high multicollinearity were excluded.

of general cough suppressants was not included.
Survival analysis was performed for patients un-
der radical treatment.

Statistical analyses

All statistical analyses were performed using EZR
version 1.55 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) based on R and R com-
manders.”® Patient characteristics were compared
using Fisher’s exact test for categorical variables
and Student’s t-test or the Mann-Whitney U
test for continuous variables. Additionally, the
Kaplan-Meier method was employed to estimate
the cumulative incidence of RP and survival rates,

and comparisons were performed using Gray’s
or log-rank test with post-hoc Bonferroni analy-
ses for multiple comparisons. Finally, a Cox pro-
portional hazards model was used for univariate
and multivariate (stepwise elimination) analyses
to determine factors contributing to RP and sur-
vival rates. Statistical significance was set at p
< 0.05. Factors demonstrating p < 0.2 in the uni-
variate analysis were included in the multivariate
analysis. Receiver operating characteristic (ROC)
curves were used to evaluate the relationship
between RP and lung V20. The cut-off point was
determined based on the Youden index, and well-
balanced sensitivity and specificity values were
obtained.™
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TABLE 4. Characteristics of patients tfreated with radical-intent radiotherapy

Normal ILA-SF

Characteristic (n = 87) (n = 24) P
Age (years) 69 (41-90) 73 (60-82) 0.09
Performance status = = 0.39
0 41 (47%) 12 (50%) -
1 36 (41%) 8 (33%) =
2 6 (7%) 4 (17%) -
3 4 (5%) 0 (0%) =
Pack year 45 (0-171) 53 (0-122) 0.38
KL-6 (U/mL) 29]46875)]‘ 399 (208-705) 091
Pathology - - 0.09
Adenocarcinoma 46 (53%) 7 (29%) =
Squamous cell carcinoma 35 (40%) 14 (58%) -
Others 6 (7%) 3 (13%) =
Lower-lobe primary lesion 19 (22%) 6 (25%) 0.79
T classification = = 0.36
1 13 (15%) 1 (4%) -
2 23 (26%) 10 (42%) -
3 19 (22%) 5 (21%) -
4 32 (37%) 8 (33%) -
Concurrent chemotherapy 58 (67%) 13 (54%) 0.33
Durvalumab 15 (17%) 1 (4%) 0.19
Mutation 8 (13%) 3 (18%) 0.70
Median follow-up: survivors 2.8 (0.6-12.1) 1.5 (0.7-6.0) 0.46

(years)

Data are presented as median (range) or number (%).

ILA-SF = subpleural fibrotic interstitial lung abnormalities; KL-6 = Krebs von den Lungen-6; n =
total number of patients

Results
Patient characteristics

The final analysis included 175 patients, with the
normal, ILA, and ILD groups comprising 105, 64,
and 6 patients, respectively. Table 1 summarises
patient characteristics.

The p-values represent comparisons between
the normal and ILA groups. The normal group
was younger and had more patients with adeno-
carcinomas than the ILA group. The median fol-
low-up period of the 70 surviving patients was 2.5
(range, 0.6-12.1) years. The 64 patients with ILA
were subcategorised into NS, SNF, and SF sub-
types comprising 5, 28, and 31 patients, respective-
ly. Examples of the ILA subcategories are shown
in Figure 1. The two specialists (a chest physician
and a diagnostic radiologist) matched on 125 of the
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175 patient classifications (72%), and the remain-
ing cases were grouped by discussion among the
three physicians.

Radiation pneumonitis

Grade > 2 RP was identified in 71 (41%) patients.
Of the 105 patients in the normal group, 21 (20%), 8
(8%), and 1 (1%) exhibited grades 2, 3, and 4, respec-
tively. Of the 64 patients in the ILA group, grades
2, 3, 4, and 5 were observed in 19 (30%), 8 (13%), 2
(3%), and 8 (13%) individuals, respectively. Of the
six patients in the ILD group, 2 (33%) and 3 (50%)
showed grades 2 and 3, respectively. Seven of the
eight patients with grade 5 RP were in the ILA-SF
group, and one was in the ILA-SNF group (details
shown in Table 2).

Figure 2 shows the cumulative incidence of
grade > 2 RP by group or subgroup. The incidence
of RP was significantly higher in the ILA group
than in the normal group (p < 0.001), particularly
between the SNF (p = 0.014) and SF groups (p <
0.001) and the normal group. Table 3 presents the
results of the univariate and multivariate analyses.

ILAs (hazard ratio [HR]: 2.33, p = 0.01), IMRT
(HR: 0.38, p = 0.03), and lung V20 (HR: 54.8, p =
0.03) were significantly associated with the cumu-
lative incidence of grade > 2 RP in the multivariate
analyses.

ROC analysis using V20 showed intermediate
grade > 2 RP predictive accuracy in the normal
group; the area under the curve (AUC) was 0.72
(95% confidence interval [CI]: 0.60-0.83). The sen-
sitivity and specificity for a cut-off value of 21% for
V20 were 76% and 67%, respectively. Conversely,
the predictive accuracy in the ILA group was low,
with an AUC of 0.59 (95% CI: 0.45-0.75); further-
more, the sensitivity and specificity for a cut-off
value of 19% were 76% and 56%, respectively.
During follow-up after radiotherapy, five patients
received molecular-targeted therapies, and two
had grade > 2 RP. However, it was not until 2 years
and 10 years after radiotherapy that the two pa-
tients, respectively, began receiving molecular-tar-
geted therapies, which had already cured their RP.

Survival

The 2-year OS and PFS rates for the 134 radically
treated patients were 47.8% (95% CI: 38.5-56.4%)
and 21.2% (95% CI: 14.4-289%), respectively.
Patients in the ILA group had worse 2-year OS
than those in the normal group (35.3% vs. 54.6%, p =
0.005); however, the multivariate analysis showed



23S

Ito M et al. / Subpleural fibrotic interstitial lung abnormallities and radiotherapy

. oy
W,

FIGURE 1. Examples of interstitial lung abnormality subcategories. (A) non-subpleural, (B) subpleural non-fibrotic, and (C) subpleural fibrotic. White
arrows point to lesions.

Group

no significant difference. No significant difference Group T AT pe0.99
X — Normal ~SNF: p=
was found in the 2-year PFS between the ILA and 08 Aol 08 -| N
: p<0.
normal groups (17.3% vs 24.1%, p = 0.26). e | 06 ] .

The characteristics of the patients treated with
radical-intent radiotherapy are summarised in
Table 4. The parameters to be entered into the mul-
tivariate analysis are listed separately for the nor-
mal and ILA-SF groups.

No significant bias was found between the two
groups; however, only one patient in the ILA-SF
group received durvalumab. Patients in the ILA-
SF group had significantly worse 2-year OS (29.2%
vs 54.6%, p < 0.001) and PFS (9.7% vs 24.1%, p =
0.009) rates than those in the normal group. Table 5
shows the results of the univariate and multivari-
ate analyses for the OS and PFS rates.

The multivariate analysis revealed that ILA-SF
was the only independent adverse factor for OS
(HR: 3.07, 95% CI: 1.17-8.10, p = 0.02) and that it also
tended to influence PFS (HR: 1.95, 95% CIL: 0.91-
4.14, p = 0.08). In contrast, younger age, adenocarci-
noma, concurrent chemotherapy, and durvalumab
treatment contributed to the prolongation of OS
and/or PFS.

Discussion

To the best of our knowledge, this is the first study
to classify patients with NSCLC according to the
Fleischner Society ILA subtypes and to demon-
strate subtype-associated risk with respect to ra-
diotherapy outcomes. In our analysis, ILAs were
considered risk factors for grade > 2 RP. Among
radically treated patients, the ILA group showed
significantly worse 2-year OS than the normal

N
IS
L

1N
IS
L

Cumulative incidence @
R o
Il
Cumulative incidence @
o
Il

o
IS
I

?

o
o
L

o
o
1

0 5 10 15
Months Number at risk
Number at risk Normal 105 83
Normal 105 83 66 54 ILA-NS 5 3
ILA 64 26 19 18 ILA-SNF 28 12
LD 6 1 0 0 ILA-SF 31 "

FIGURE 2. Cumulative incidence of grade > 2 radiation pneumonitis by group (A)

and subgroup (B).

ILAs = interstitial lung abnormalities; ILD = interstitial lung disease; NS = non-subpleural;

SF = subpleural fibrotic; SNF = subpleural non-fibrotic

group. This was particularly true for the ILA-SF
group, which also independently contributed to
OS in the multivariate analysis.

To date, only a few studies have examined the
relationship between ILAs and RP. A previous
study retrospectively analysed the association be-
tween RP and original ILA scores in 145 patients
with NSCLC? The ILA scores were rated as fol-
lows: 0, no interstitial lung change; 1, ILAs with-
out honeycombing (ground-glass attenuation, fine
reticular opacity, and microcysts); and 2, honey-
combing. They concluded that abnormalities, with
or without honeycombing, were predictors of RP.
Several reports indicate that ILA is a risk factor
for RP in patients with small -cell lung cancer.!>1
Conversely, another study concluded that ILAs did
not independently contribute to RP.° This discrep-
ancy may be due to the ambiguous previous defi-
nition of ILAs. Moreover, previous studies have

a
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TABLE 5. Univariate and multivariate analyses for overall and progression-free survival rates
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Overall survival

Progression-free survival

Parameter Univariate Multivariate Univariate Multivariate

HR (95% CI) P HR (95% CI) p HR (95% CI) p HR (95% CI) p
ILA-SF 2.59 (1.51-4.43)  <0.001  3.07 (1.17-8.10)  0.02  1.88 (1.16-3.05) 0.01 1.95(0.91-4.14)  0.08
Age (years) 1.02 (0.99-1.04) 0.09 0.95(0.91-0.99)  0.04  1.01 (0.98-1.03) 0.59 = =
Sex (men) 1.21 (0.70-2.10) 0.49 - - 0.91 (0.58-1.45) 0.71 - -
pergroncestalus 01 190(107-339) 003 082(019-338) 078 281(166-478)  <0.001  1.35(0.46-393) 0.59
Pack year 1.01 (1.00-1.01) 0.04 1.01 (0.99-1.02) 014  1.00 (0.99-1.01) 0.67 - -
%VC (%) 0.99 (0.98-1.01) 0.56 = = 0.99 (0.98-1.01) 0.51 = =
FEV1 (L) 0.84 (0.55-1.29) 0.43 - - 0.92 (0.62-1.36) 0.68 - -
FEV1/FVC (%) 0.99 (0.97-1.02) 0.92 = = 1.01 (0.98-1.02) 0.75 = =
KL-6 (U/mL) 1.00 (0.99-1.01) 0.1 1.00 (0.99-1.01)  0.34  1.01 (1.00-1.02) 0.03 1.00 (0.99-1.01)  0.40
Fgé"e‘::gg;’rcinomo) 0.46 (0.31-0.69)  <0.001  0.18 (0.08-0.44) <0.001  0.54 (0.36-0.79) 0.002  0.34(0.18-0.65) 0.001
Lower-lobe primary lesion  1.60 (1.02-2.53) 0.04 1.03 (0.39-2.68) 0.95 1.09 (0.72-1.65) 0.69 - -
{Tj'sfsg;ﬁg'r':)’“ 115 (0.74-1.79)  0.53 - - 1.47 (0.99-2.17) 005  1.53(0.78-2.99) 0.21
N classification (positive)  1.02 (0.49-2.12) 0.95 - - 0.88 (0.48-1.60) 0.67 - -
sﬁ:;‘g,’::r’qpy 0.51 (0.33-0.80)  0.004  0.19 (0.07-0.56) 0.002  0.60 (0.41-0.89) 0.01 0.65 (0.31-1.30)  0.22
Durvalumab 0.22 (0.08-0.60)  0.003  0.43 (0.11-1.69)  0.22  0.34 (0.18-0.65) 0.001  0.40 (0.17-0.93)  0.03
PD-L1 (positive) 0.77 (0.39-1.50) 0.44 = = 1.03 (0.59-1.79) 0.92 = =
Mutation 0.76 (0.47-1.22) 0.26 - - 0.96 (0.64-1.42) 0.83 - -
z‘:Adg%'he"’py Gl 0.75 (0.43-1.30)  0.31 - - 0.86 (0.55-1.34) 0.50 - -
ENI 0.83 (0.49-1.38) 0.47 - - 0.99 (0.64-1.56) 0.99 - -
Lung dose
V5 (%) 0.45 (0.12-1.72) 0.24 - - 0.56 (0.19-1.66) 0.30 - -
V10 (%) 0.37 (0.06-2.27) 0.29 = = 0.44 (0.10-1.92) 0.28 = =
V20 (%) 0.36 (0.02-5.27) 0.46 - - 0.23 (0.02-2.27) 0.21 - -
Mean (Gy) 0.98 (0.93-1.04) 0.48 = = 0.97 (0.93-1.02) 0.29 = =

Cl = confidence interval; ENI = elective nodal irradiation; FEV1 = forced expiratory volume in 1 second; FEV1/FVC = forced expiratory volume % in 1 second; HR = hazard
ratio; ILA-SF = subpleural fibrotic interstitial lung abnormalities; IMRT = intensity-modulated radiotherapy; KL-6 = Krebs von den Lungen-6; PD-L1 = programmed cell death-
ligand 1; %VC = vital capacity percentage; Vx = percentage of lung volume receiving > x Gy.

tended to confuse smoking-related centrilobular
nodularity and pleuroparenchymal fibroelastosis
with ILAs.!? These disease concepts are explic-
itly excluded from the novel definition of ILAs.
Awareness of the improved definition of ILAs is
essential for correct diagnosis, which should be
made before radiotherapy to guide treatment strat-
egy. Grade > 2 RP occurred at a rate as high as 71
(41%) patients in this study. We believe that one of
the important factors was the large number of pa-
tients with ILA included, 64 (37%), as a character-
istic of the institution. If the presence of ILA had
been accurately recognised in advance, counter-
measures could have been taken.

Radiol Oncol 2023; 57(2): 229-238.

The leading treatment-related factor that pre-
dicts RP is lung V20.°% V20 should be further
reduced when radiotherapy is administered to
patients with ILAs. Moreover, the use of IMRT
should be considered along with techniques such
as virtual lung block and end-inspiration irra-
diation.?"?2 However, the ROC analysis in the ILA
group showed low predictive accuracy for grade >
2 RP using V20 (AUC = 0.59). This finding implies
that reducing the lung dose in patients with ILAs
may not necessarily preclude severe RP.

ILA subtype divisions demonstrated notable
differences. The ILA-SF group had the highest
cumulative incidence of grade > 2 RP, corroborat-
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ing previous studies that have shown ILA-SF to be
6.6 times more likely to progress than other sub-
types.? Contrarily, no difference was observed in
the cumulative incidence of grade > 2 RP between
the ILA-NS and normal groups. The course of
ILA-NS is usually non-progressive, suggesting a
favourable prognosis.* ILA-NS may not be a risk
factor for RP; nonetheless, we emphasise that there
were few patients with ILA-NS in this study; there-
fore, we cannot mention its clinical significance.
Therefore, this subtype should be investigated in
more eligible patients in the future.

No consensus exists that patients with ILAs
have a poor prognosis after radiotherapy. However,
studies have reported that the outcomes of surgery
and chemotherapy for patients with lung can-
cer and ILAs are poor.?% In this study, all eight
patients with grade 5 RP were in the ILA group,
and seven of these patients were in the ILA-SF cat-
egory. We believe that the severity of RP worsened
the prognosis of the ILA group, particularly that
of patients with the ILA-SF subtype. The advent of
durvalumab has greatly improved the prognosis
of NSCLC; however, it is difficult to administer in
the long term, particularly in patients with ILA-
SE. Death sometimes results from severe RP rather
than cancer; therefore, the indication for radiother-
apy should be carefully considered.

Our study had some limitations, particularly
its retrospective and single-institution design.
Additionally, other factors, such as emphysema,
chronic obstructive pulmonary disease, and bio-
markers (e.g., transforming growth factor-beta),
may contribute to RP” These factors, which we
did not consider in this study, may be confound-
ers. Furthermore, many of our patients were el-
derly and frail and were treated with radiother-
apy alone. We also included several cases from
the period before the emergence of durvalumab.
These differ from modern standard treatments
and may have implications for survival analysis.
Retrospective studies on cases with durvalumab
have been reported recently?, and high-quality fu-
ture prospective trials are warranted

Conclusions

The novel definition of ILAs and ILA subtypes
may be important in determining risk for RP fol-
lowing radiotherapy in patients with NSCLC. RP
symptoms can be severe, especially in patients
with ILA-SF, and may worsen prognosis. This
study suggests that recognising the presence of

and categorising ILAs before treatment is vital and
useful in clinical decision-making.
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