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Purpose This study aimed to investigate cumulative incidence and risk factors associated with chronic pulmonary infection (CPI)

development after radiotherapy for lung cancer.

Materials and Methods We retrospectively analyzed 1,872 patients with lung cancer who received radiotherapy for lung cancer
from 2010-2014, had a follow-up period of > 3 months after radiotherapy, and did not have CPI at the time of radiotherapy. CPI was
defined as pulmonary tuberculosis, non-tuberculous mycobacterial pulmonary disease, chronic pulmonary aspergillosis, or pulmo-
nary actinomycosis. The cumulative incidence of CPl and overall survival (OS) were estimated using the Kaplan-Meier method, and a
multivariable Cox proportional hazards analysis was performed to identify risk factors associated with CPI development.

Results The median follow-up period was 2.3 years with OS rates of 55.6% and 37.6% at 2 and 5 years, respectively. CPI developed
in 59 patients at a median of 1.8 years after radiotherapy, with cumulative incidence rates of 1.1%, 3.4%, 5.0%, and 6.8% at 1, 3,
5, and 7 years, respectively. A lower body mass index, interstitial lung disease, prior pulmonary tuberculosis, larger clinical target
volume, history of lung cancer surgery or radiation pneumonitis, and use of inhaled corticosteroids were independent risk factors for

CPI development.

Conclusion The long-term survival rate of lung cancer patients receiving radiotherapy was not low, but the cumulative incidence of
CPI gradually increased to 6.8% at 7 years after radiotherapy. Therefore, close monitoring of CPI development is required in surviving

patients with risk factors.
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Introduction

Overall lung cancer survival rates have improved over the
past few decades with the advances made in diagnostic and
therapeutic modalities [1]. The use of low-dose computed
tomography (CT) imaging has proved effective for early
detection of lung cancer and consequent mortality reduction
[2]. Moreover, the improvements in both local and systemic
therapies, such as radiation therapy (RT), targeted therapy,
and immunotherapy, have contributed to improved out-
comes in lung cancer patients [1,3].

RT, one of the main treatment options, has played a key
role in all stages of therapy, including as a curative modal-
ity for medically inoperable early-stage lung cancer and as
a palliative tool for advanced and metastatic stages. The
effects of RT are mediated by energy deposition and the
genetic damage it causes to the cells it passes through,

resulting in reproductive cell death during cell division. As it
damages both cancer cells and surrounding normal cells, RT
impairs anatomic barrier and immune response, which may
cause infectious complications [4,5].

Chronic pulmonary infections (CPIs), such as pulmonary
tuberculosis (PTB), non-tuberculous mycobacterial pulmo-
nary disease (NTM-PD), and chronic pulmonary aspergil-
losis (CPA), usually occur in patients with underlying lung
diseases. The risk factors for CPI include fibronodular lesions
on chest images, the presence of bronchiectasis or chronic
obstructive pulmonary disease (COPD), and sequelae of PTB
[6-8]. Though the causal relationship between the develop-
ment of lung cancer and CPI is not clearly proven, patients
with CPI frequently also have a history of lung cancer. In
a meta-analysis, lung cancer was associated with a 6-fold
increase in PTB development, which was the type of cancer
most frequently associated with PTB among the solid can-
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cers [9]. Another previous study reported a three-fold higher
prevalence of lung cancer in patients with NTM-PD than
those without NTM-PD [10]. The incidence of CPA continues
to rise, and CPA is often regarded as a form of complication
following surgery for lung cancer [11,12]. As its cumulative
incidence showed an increasing tendency proportionately
with the length of follow-up, more focus on CPA develop-
ment during post-treatment follow-up might be required in
patients with risk factors.

Despite the increased reports of CPI together with impro-
ved survival rates among lung cancer patients, there have
not been enough data collected on CPI following thoracic RT
(TRT). In this context, we intended to investigate the cumu-
lative incidence of CPI and the related risk factors following
TRT in lung cancer patients at the authors’ institute.

Materials and Methods

1. Study design and population

The records of 2,068 lung cancer patients who underwent
TRT at Samsung Medical Center between 2010-2014 were ret-
rospectively reviewed. After excluding 196 patients (23 who
already had CPI at the time of TRT initiation and 183 who
were followed up for < 3 months), 1,872 were enrolled in the
current study (Fig. 1).

After RT for lung cancer, most patients were followed up
by a radiation oncologist and chest CT scans were regularly

performed during follow-up. Our institutional standard was
to perform CT scans every 3 months for the first 2-3 years and
then every 6 months up to 5 years unless recurrence was doc-
umented, and to obtain positron emission tomography com-
puted tomography if needed. Patients with pre-existing or
newly developed pulmonary disease and those with symp-
toms or signs of CPI were referred to a pulmonologist, and
further diagnostic tests were performed. CPI was defined
as PTB, NTM-PD, CPA, or pulmonary actinomycosis. The
diagnosis of PTB was principally based on positive results
of acid-fast bacilli (AFB) culture or polymerase chain reac-
tion for Mycobacterium tuberculosis in respiratory specimens
and included those cases in which clinicians decided to
deliver a full course of anti-tuberculosis treatment [13]. NTM-
PD was diagnosed by positive results of AFB culture from at
least two separate sputum samples, positive results from at
least one bronchial wash or lavage, or positive results from
at least one respiratory specimen with mycobacterial histo-
logic features following the guideline [14]. The diagnosis of
CPA was based on compatible symptoms, direct or indirect
microbiological evidence of Aspergillus species, and compat-
ible radiological findings [15]. Pulmonary actinomycosis was
diagnosed by the bacteriological identification of Actinomy-
ces from a sterile respiratory specimen.

2. Data collection, clinical assessment, and outcomes
Patient characteristics, including age, sex, body mass index
(BMI), smoking status, past medical history, comorbidities,

| Radiotherapy registry

Radiotherapy for lung cancer between
Jan 2010 and Dec 2014 (n=2,068)

Exclusion (n=196)
- Patients with CPI
at the time of radiotherapy (n=23)

- Pulmonary tuberculosis (n=13)
- NTM pulmonary disease (n=10)
- Follow-up duration < 3 mo (n=173)

| Study population (n=1,872) |

!

No development of CPI
after radiotherapy (n=1,813)

|

Diagnosis of CPI

after radiotherapy (n=59)*
- Pulmonary tuberculosis (n=21)
- NTM pulmonary disease (n=15)
- CPA (n=24)
- Pulmonary actinomycosis (n=1)

Fig. 1. Flow diagram of subject enrollment. CPA, chronic pulmonary aspergillosis; CPI, chronic pulmonary infection; NTM, non-tuber-
culous mycobacterial. *Two patients developed two CPIs, respectively; one developed pulmonary tuberculosis and CPA, and the other

developed NTM pulmonary disease and CPA.
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Fig. 2. Overall survival of the study population (A) and cumulative incidence (B) of chronic pulmonary infection (CPI) after radiotherapy

for lung cancer.

prescribed medications, clinical stage and treatment history
of lung cancer, and CPI development, were obtained from
medical records. A systemic corticosteroid user was defined
as a patient receiving more than 10 mg of corticosteroids
daily or a cumulative dose of more than 700 mg of predniso-
lone or equivalent [16]. An inhaled corticosteroid (ICS) user
was defined as a patient prescribed ICS for 30 days or longer.
Clinically meaningful radiation pneumonitis was defined as
grade 2 or higher pneumonitis in the current study according
to the Common Terminology Criteria for Adverse Events,
ver. 5.0, meaning symptomatic and requiring systemic cor-
ticosteroids. Clinical stages were assigned according to the
eighth edition of the International Association for the Study
of Lung Cancer proposal for tumor-node-metastasis classifi-
cation for lung cancer.

3. Radiation therapy

The TRT techniques were selected individually based on
the disease extent, the patients’ performance and cardiopul-
monary functional status, and the estimated risk of pulmo-
nary toxicity. For treatment planning, all patients underwent
contrast-enhancing simulation CT scans in the supine posi-
tion at a thickness of 2.5-5.0 mm. The Pinnacle® system (ver.
8.0, Philips Medical Systems, Fitchburg, WI) was used to
calculate the radiation dose. Patients were most commonly
treated with three-dimensional conformal RT (3D-CRT;
85.5%), followed by intensity-modulated RT (8.7%) and ste-
reotactic body RT (5.0%). The gross tumor volume (GTV)
was defined as the volume of the tumor identified based
on all available clinical information. The clinical target vol-
ume (CTV) was delineated by adding a 5-mm margin in all
directions from the GTV, and the margins were modified in
accordance with the adjacent organs when necessary. The
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3D-CRT plan was usually composed of three or four photon
beams of 4 to 10 MV to cover the CTVs plus 1.0 to 1.5 cm mar-
gins. A few different dose schedules were employed based
on the clinical settings of TRT, whose comparative analyses
were done by calculating biologically effective doses (BED1o)
using the following linear-quadratic formula with an o/f
ratio of 10: BEDi=ndx[1+d/(a/B)], where n equal to the
number of daily fractions and d equals to the daily dose per
fraction (Gy).

4. Statistical analysis

Data are presented as median with interquartile range
(IQR) values for continuous variables and frequency and
percentage values for categorical variables. Patients who
developed CPI were compared to those without CPI using
Pearson’s chi-squared test or Fisher’s exact test for categori-
cal variables and the Mann-Whitney U test for continuous
variables.

The cumulative incidence of CPI and overall survival (OS)
were estimated using the Kaplan-Meier method. A multi-
variable Cox proportional hazards analysis with a backward
stepwise selection with p < 0.05 for entry and p > 0.10 for
removal was performed to identify risk factors associated
with CPI development and calculate hazard ratios (HRs).
The clinical stage of the tumor and indications of RT were
not included in the multivariable analysis because they had
significant collinearities with other variables for lung cancer
treatment (concurrent chemoradiation and lung cancer sur-
gery). Because most of the enrolled patients underwent 3D-
CRT, the RT technique parameters could not be included in
the multivariable analysis. In order to overcome the hetero-
geneity of the study population, we performed a subgroup
analysis as follows: (1) excluding patients received salvage
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Table 1. Baseline characteristics according to the development of CPI

Variable Total (n=1,872) CPI (-) (n=1,813) CPI (+) (n=59) p-value
Age (yr) 63 (56-70) 63 (56-70) 65 (58-69) 0.609
Male 1,465 (78.3) 1,415 (78.0) 50 (84.7) 0.220
BMI (kg/m?) (n=1,859) 23.4 (21.4-25.4) 234 (21.4-25.4) 22.7 (20.5-25.2) 0.229
Smoking status (n=1,863)
Never 406 (21.8) 398 (22.0) 10 (16.9) 0575
Ex-smoker 883 (47.4) 855 (47.4) 28 (47.5)
Current smoker 574 (30.8) 553 (30.7) 21 (35.6)
Comorbidity
Any 903 (48.2) 862 (47.5) 41 (69.5) 0.001
COPD/ Asthma 241 (12.9) 228 (12.6) 13 (22.0) 0.033
Interstitial lung disease 67 (3.6) 62 (3.4) 5(8.5) 0.057
Previous PTB 38 (2.0) 30 (1.7) 8 (13.6) <0.001
Diabetes mellitus 372 (19.9) 354 (19.5) 18 (30.5) 0.037
Chronic heart disease 370 (19.8) 350 (19.3) 20 (33.9) 0.006
Cerebrovascular disease 138 (7.4) 134 (7.4) 4 (6.8) >0.99
Chronic liver disease 66 (3.5) 64 (3.5) 2(3.4) >0.99
Chronic kidney disease 56 (3.0) 55 (3.0) 1(1.7) >0.99
Tumor histology
NSCLC 1,548 (82.7) 1,495 (82.5) 53 (89.8) 0.141
Adenocarcinoma 746 (39.9) 721 (39.8) 25 (42.4)
Squamous cell carcinoma 651 (34.8) 627 (34.6) 24 (40.7)
NSCLC, NOS 98 (5.2) 95 (5.2) 3(.1)
NSCLC, other” 42(22) 41(23) 1(1.7)
Salivary-gland type carcinomas® 11 (0.6) 11 (0.6) 0
SCLC 300 (16.0) 294 (16.2) 6(10.2) 0213
Sarcoma 3(0.2) 3(0.2) 0 -
Not proven 21(1.1) 21(1.2) 0 -
Clinical stage?
NSCLC 1,548 (83.8) 1,495 (83.6) 53 (89.8)
Stage I 189 (10.2) 184 (10.3) 5(8.5) 0.0469
Stage IT 166 (9.0) 160 (8.9) 6(10.2)
Stage I1I 933 (50.5) 893 (49.9) 40 (67.8)
Stage IV/Recurrent 260 (14.1) 258 (14.4) 2(3.4)
SCLC 300 (16.2) 294 (16.4) 6(10.2)
LD 241 (13.0) 235 (13.1) 6(10.2) 0.602
ED/Recurrent 59 (3.2) 59 (3.3) 0

Values are presented as median (interquartile range) or number (%). BMI, body mass index; COPD, chronic obstructive pulmonary disease;
CPI, chronic pulmonary infection; ED, extensive disease; LD, limited disease; NOS, not otherwise specified; NSCLC, non-small-cell lung
cancer; PTB, pulmonary tuberculosis; SCLC, small-cell lung cancer. “Large-cell neuroendocrine carcinoma (n=21), adenosquamous cell
carcinoma (n=10), sarcomatoid carcinoma (n=10), and carcinoid tumor (n=1), Adenoid cystic carcinoma (n=8), epithelial-myoepithelial
carcinoma (n=2), and mucoepidermoid carcinoma (n=1), “Excluded patients with sarcoma and histologically not proven tumors. If they
were assessed by NSCLC stage, three patients with pulmonary sarcoma were stage III and 21 patients with histologically not-proven
tumors were stage I (n=18), stage II (n=2), stage III (n=3), or had recurrent tumors (n=1), respectively, Yp-values represent the results of
comparison for stages within the NSCLC and SCLC groups, respectively.

or palliative TRT (excluding patients with poor survival and not undergo surgery). All tests were two-sided, and p < 0.05
low incidence of CPI); (2) patients received adjuvant or neo- was considered statistically significant. SPSS ver. 25.0 (IBM
adjuvant TRT (almost all patients underwent surgery); and Corp., Armonk, NY) was used for analysis.

(3) patients received definitive TRT (almost all patients did
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Table 2. Treatment-related characteristics

Variable CPI (+) (n=59)

Total (n=1,872) CPI (-) (n=1,813)

p-value

Indications of radiotherapy

Definitive 849 (45.4) 826 (45.6) 23 (39.0) <0.001
Early stage 138 (7.4) 135 (7.4) 3(5.1)
Locally advanced stage 711 (38.0) 691 (38.1) 20 (33.9)

Preoperative 423 (22.6) 396 (21.8) 27 (45.8)

Postoperative 275 (14.7) 268 (14.8) 7 (11.9)

Salvage 116 (6.2) 114 (6.3) 2(3.4)

Palliative 209 (11.2) 209 (11.5) 0
Radiotherapy technique

3D-CRT 1,600 (85.5) 1,545 (85.2)" 55 (93.2) 0.234

IMRT 162 8.7) 161 8.9 1(1.7)

SBRT 94 (5.0) 91 (5.0) 3(5.1)

2D-RT 16 (0.9) 16 (0.9) 0
Radiotherapy parameter

Total dose (Gy) 52.5 (44.0-60.0) 52.5 (44.0-60.0) 50.0 (44.0-60.0) 0.186

BED), (Gy) 63.5 (52.8-79.2) 63.5 (52.8-79.2) 60.0 (52.8-78.0) 0.185

CTV (cm?) (n=1,856)° 167 (88-281) 167 (87-281) 163 (112-256) 0.649
Reirradiation 270 (14.4) 258 (14.2) 12 (20.3) 0.189
Concurrent chemoradiation 1,252 (66.9) 1,206 (66.5) 46 (78.0) 0.066
History of lung cancer surgery 849 (45.4) 813 (44.8) 36 (61.0) 0.014
History of radiation pneumonitis 253 (13.5) 237 (13.1) 16 (27.1) 0.002
Medications

Systemic corticosteroid user 1,320 (70.5) 1,274 (70.3) 46 (78.0) 0.202

Inhaled corticosteroids user 232 (12.4) 211 (11.6) 21 (35.6) < 0.001

Values are presented as median (interquartile range) or number (%). BEDy,, biologically effective dose with an «/f ratio of 10; CPI, chronic
pulmonary infection; CTV, clinical target volume; IMRT, intensity-modulated radiation therapy; SBRT, stereotactic body radiation thera-
py; 2D-RT, two-dimensional radiation therapy; 3D-CRT, three-dimensional conformal external beam radiation therapy. *There were five
patients who received 3D-CRT combined with endobronchial brachytherapy and two patients who received 3D-CRT combined with 2D-
RT, ®There were 32 patients who received IMRT combined with 3D-CRT, “CTV values could not be calculated for 16 patients who received

radiotherapy based on 2D techniques.

Results

1. Cumulative incidence of CPI

With a median follow-up duration of 2.3 years (IQR, 0.9 to
5.0 years), the OS rates at 2 and 5 years following TRT were
55.6% and 37.6%, respectively (Fig. 2). During the follow-up
period, CPI developed in 59 patients, including PTB in 21,
NTM-PD in 15, CPA in 24, and pulmonary actinomycosis in
one patient, respectively. The median time until CPI diagno-
sis was 1.8 years, and the cumulative incidence rates at 1, 3,
5, and 7 years were 1.1%, 3.4%, 5.0%, and 6.8%, respectively.

2. Baseline characteristics in relation with TRT

The median age of all patients was 63 years (IQR, 56 to
70 years), and there were higher numbers of male patients
(78.3%), ever-smokers (78.2%), and patients with stage III
non-small-cell lung cancer (50.5%), respectively (Table 1).
Among all study participants, 903 patients (48.2%) had medi-
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cal comorbidities, and those who developed CPI more fre-
quently had previous PTB infections (13.6% vs. 1.7%, p <
0.001), chronic heart disease (33.9% vs. 19.3%, p=0.006),
COPD or asthma (22.0% vs. 12.6%, p=0.033), and diabetes
mellitus (30.5% vs. 19.5%, p=0.037), respectively.

Table 2 shows the treatment details for TRT. Among all
indications for TRT, the most common ones were definitive
(45.4%), followed by preoperative (22.6%). Interestingly,
CPI development was more frequently observed in patients
who underwent preoperative TRT (45.8% vs. 21.8%) and
had a history of surgery (61.0% vs. 44.8%, p=0.014), respec-
tively. However, there were no differences in RT regimens
between the two groups. The median prescribed total dose
was 52.5 Gy (IQR, 44.0 to 60.0 Gy), the median BEDi, was
63.5 Gy (IQR, 52.8 to 79.2 Gy), and the median CTV was 167
cm?® (IQR, 88 to 281 cm?). Reirradiation was performed in 270
patients (14.4%), and concurrent chemoradiation therapy
was prescribed in 1,252 patients (66.9%). Radiation pneu-
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Table 3. Univariable and multivariable analyses for risk factors associated with chronic pulmonary infection after radiotherapy for lung
cancer

Univariable Multivariable
Variable
HR (95% CI) p-value HR (95% CI) p-value

Age (yr) 1.02 (0.99-1.05) 0.137 - -
Male sex 1.93 (0.95-3.92) 0.070 - -
BMI (kg/m?) 0.92 (0.84-1.01) 0.064 0.89 (0.82-0.98) 0.015
Former or current smoker 1.75 (0.89-3.45) 0.108 - -
COPD/Asthma 1.92 (1.04-3.56) 0.037 - -
Interstitial lung disease 4.25 (1.70-10.67) 0.002 3.53 (1.34-9.28) 0.010
Previous PTB 7.21 (3.42-15.22) < 0.001 5.81 (2.61-12.94) <0.001
Diabetes mellitus 1.93 (1.11-3.36) 0.020 - -
Chronic heart disease 2.32 (1.35-3.98) 0.002 1.70 (0.96-3.02) 0.068
Cerebrovascular disease 0.89 (0.32-2.45) 0.820 - -
Chronic liver disease 0.99 (0.24-4.05) 0.988 - -
Chronic kidney disease 0.46 (0.06-3.35) 0.447 - -
Tumor histology

Adenocarcinoma Reference - -

Squamous cell carcinoma 1.47 (0.84-2.57) 0.181 - -

SCLC 0.85 (0.35-2.07) 0.714 - -

Others 0.81 (0.28-2.33) 0.697 - -
Total dose (Gy) 0.99 (0.96-1.01) 0.254 - -
BEDy, (Gy) 1.00 (0.98-1.01) 0.489 - -
CTV (cm?)? 1.01 (1.00-1.02) 0.146 1.02 (1.00-1.03) 0.047
Reirradiation 1.20 (0.64-2.26) 0.573 - -
Concurrent chemoradiation 1.12 (0.60-2.08) 0.720 - -
History of lung cancer surgery 1.23 (0.73-2.09) 0.439 1.80 (1.02-3.17) 0.042
History of radiation pneumonitis 2.79 (1.57-4.96) <0.001 2.87 (1.55-5.32) 0.001
Systemic corticosteroid user 1.58 (0.85-2.93) 0.145 - -
Inhaled corticosteroids user 3.98 (2.34-6.79) <0.001 3.31 (1.90-5.77) <0.001

BED,, biologically effective dose with an « /B ratio of 10; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pul-
monary disease; CTV, clinical target volume; HR, hazard ratio; PTB, pulmonary tuberculosis; SCLC, small-cell lung cancer.”A 10 cm® was

used as the unit for CTV in the univariable and multivariable analyses.

monitis was more common in patients with CPI than those
without CPI (27.1% vs. 13.1%, p=0.002). Although there was
no statistically significant difference in the proportion of sys-
temic corticosteroid users (78.0% vs. 70.3%, p=0.202), ICS
use was more common among patients with CPI than those
without CPI (35.6% vs. 11.6%, p < 0.001).

3. Risk factors of CPI

Factors related to CPI development were identified
using univariable and multivariable Cox proportional haz-
ards analyses (Table 3). A previous PTB infection (HR, 5.81;
95% confidence interval [CI], 2.61 to 12.94; p < 0.001), ICS
usage (HR, 3.31; 95% CI, 1.90 to 5.77; p < 0.001), a history
of radiation pneumonitis (HR, 2.87; 95% CI, 1.55 to 5.32;
p=0.001), interstitial lung disease (HR, 3.53; 95% ClI, 1.34 to
9.28; p=0.010), lower BMI (per 1-kg/m? increment; HR, 0.89;
95% CI, 0.82 to 0.98; p=0.015), a history of lung cancer sur-

gery (HR, 1.80; 95% CI, 1.02 to 3.17; p=0.042), and a larger
CTV (per 10-cm® increment; HR, 1.02; 95% CI, 1.00 to 1.03;
p=0.047) were independently associated with the develop-
ment of CPL Fig. 3 shows cumulative incidence rates of CPI
for these independent risk factors. Continuous variables
such as BMI and CTV were presented after conversion to bi-
nary variables.

After excluding patients who received salvage or pallia-
tive TRT, the results of multivariable analysis were similar to
those of the population (S1 Table). A previous PTB infection,
interstitial lung disease, ICS usage, and a larger CTV were
independently associated with the development of CPI in
the subgroup who received neoadjuvant or adjuvant TRT (S2
Table), whereas a previous PTB infection, a history of radia-
tion pneumonitis, and ICS usage were identified as risk fac-
tors in the subgroup who received definitive TRT (S3 Table).
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Fig. 3. Cumulative incidence of chronic pulmonary infection (CPI) for variables identified as independent risk factors for CPI develop-
ment in multivariable analysis. Cumulative incidences based on a body mass index (BMI) < 23 kg/m? (A), interstitial lung disease (ILD)
(B), previous pulmonary tuberculosis (PTB) infection (C), clinical target volume (CTV) = 100 cm® (D), lung cancer surgery (E), a history of

radiation pneumonitis (F), and inhaled corticosteroid (ICS) use (G). (Continued to the next page)
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Fig. 3. (Continued from the previous page)

Discussion

The associations of CPI with lung cancer have been well-
recognized in previous studies. Fan et al. [17] reported that
more than 25% of lung cancer patients had latent tuberculo-
sis infections at the time of diagnosis, which can evolve into
active PTB in 5%-10% of patients [9]. The prevalence of PTB
was also reported as 1%-2% in surgically treated lung cancer
patients [18]. More than 5% of NTM-PD patients also have a
history of lung cancer, and these individuals tend to have an
increased mortality risk [19,20]. In our previous report, the
cumulative incidence of CPA was 3.5% at 10 years after lung
cancer surgery [12]. Although the incidence of CPI after TRT
is not well known, the statistic of 6.8% at 7 years recorded
in this study can be considered a high enough value to sup-
port an increase in attention paid while observing patients’
progress after TRT.

Similar to previous studies, several characteristics were
identified as risk factors for the development of CPI in this
study. Patients with PTB, NTM-PD, or CPA have lower BMI
more frequently than healthy controls, and a lower BMI itself
is also related to the increased mortality in this population
[21-23]. The inter-relationship between low BMI and CPI is
well established, though the cause-effect relationship and
exact time sequence is not clearly documented, and the same
was observed in the patients who underwent TRT in our
study. In addition, structural lung diseases, such as underly-
ing interstitial lung disease and prior PTB infection, are also
well-known risk factors for CPI development. Nachiappan
et al. [7] reported that fibronodular lesions on chest image
are an underlying lung condition related to the reactivation
of PTB, and several studies have also suggested that a his-
tory of PTB is a risk factor for both NTM-PD and CPA [8,24].

Besides, conditions such as interstitial lung disease or struc-
tural change after lung cancer surgery were reported to be
associated with CPI [12]. These findings seem comparable to
those of our study, which also demonstrated a previous PTB
infection, underlying interstitial lung disease, and a history
of lung cancer surgery as independent risk factors for CPI
development.

One of the important findings of this study is that RT-relat-
ed factors contributed to CPI development. Previous studies
have generally suggested that the target volume (or tumor
volume) of RT is a clinically significant factor for recur-
rence or mortality. One study reported that a log base 10 of
tumor volume is a predictive factor of locoregional failure in
patients with locally advanced disease [25]. Another found
that a pre-treatment GTV greater than 50 cm?, irrespective of
target volume reduction after RT, indicated poor survival in
stage III non-small-cell lung cancer [26]. The present study
revealed that a larger CTV was correlated with an increased
CPI risk (per 10-cm® increment: adjusted HR, 1.02; p=0.047;
>100 cm® adjusted HR, 2.05; p=0.029). In addition, we found
that radiation pneumonitis was associated with CPI devel-
opment. This is one of the major toxicities of thoracic RT and
occurs in 24%-47% of patients who received traditional RT
[5]. The effect of RT is based on radiation-induced free radi-
cals and oxidative stress resulting in tissue injury. Radiation
pneumonitis develops when radiated tissue fails to recover
from this injury and shows progressive and exaggerated
responses after RT. Considering its pathogenesis and our
findings, CPI development may be associated with failure in
recovery process of irradiated tissue. Besides, RT can induce
immunosuppression, which may contribute to CPI develop-
ment. RT-induced damage is related to innate and adaptive
immune response, such as activating dendritic cells and T
cells, which facilitates antitumor effect. It can also promote
immunosuppression by polarization of immunogenic mac-
rophages to an immunosuppressive phenotype and induc-
ing lymphocyte apoptosis [4]. In terms of the phases of RT-
induced lung injury, lymphocytes show a pro-inflammatory
phenotype in the acute phase within days to weeks, although
the chronic phase is characterized by an anti-inflammatory
response occurred in months to years after RT [27]. Given
that the median time to CPI diagnosis in this study was 1.8
years, anti-inflammatory response in the chronic phase may
contribute to the development of CPL

The use of ICS has been the main treatment for asthma and
COPD, which may increase the risk of pneumonia [28]. In
our study, ICS use correlated with a high risk for CPI devel-
opment. This observation is consistent with those of previ-
ous studies reporting that ICS users are at an increased risk
of PTB and NTM-PD [29,30]. We also investigated whether
the use of systemic corticosteroids is associated with CPI
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development. Although the association between the use
of systemic corticosteroids and an increased incidence of
CPI is relatively well-known [16], we found no significant
relationship between the use of systemic corticosteroids and
CPI development in our study. In our study, 70% of patients
used systemic corticosteroids, mostly as a pre-medication
for chemotherapy or treatment for radiation pneumonitis.
Therefore, we assumed steroid use to be a confounding fac-
tor rather than an independent risk factor.

Because of the significant heterogeneity of the population,
we performed subgroup analysis. However, the number of
CPI cases included in each subgroup was too small, limit-
ing the identification of independent risk factors. Neverthe-
less, a previous history of PTB infection and ICS usage were
consistently identified as risk factors for CPI in the subgroup
analyses. Whereas a history of radiation pneumonitis was
a risk factor in patients receiving definitive TRT but not in
patients receiving neoadjuvant or adjuvant TRT. It may be
assumed that this difference is due to surgical resection of
the source of CPI even if radiation pneumonitis occurs in
patients receiving neoadjuvant TRT.

This study has a few limitations that could prevent gen-
eralization of our observations: it is retrospective in nature,
based on a single tertiary referral hospital cohort, has poten-
tial selection bias, and reported a relatively small number
of CPI events observed, respectively. As the investigative
studies were mainly performed on those patients who deve-
loped suspicious symptoms or radiologic clues, the actual
incidence rate of CPI following RT may have been under-
estimated. Moreover, there was insufficient information on
patients’ performance status, comprehensive radiological
and microbiological data, and detailed grades of RT pneu-
monitis that could be considered related to the development
of CPL Further prospective studies will be needed to inves-
tigate the relationship between CPI development and these
variables.

In brief, through the current study, with a median follow-
up duration of 2.3 years, the cumulative incidence of CPI at
7 years has been estimated as 6.8% in lung cancer patients
who underwent TRT. Several risk factors for CPI develop-
ment were identified in the current study, as follows: lower
BMI, underlying interstitial lung disease, prior PTB, larger
CTV, a history of lung cancer surgery or radiation pneumoni-
tis, and ICS use, respectively. These, coupled with the recent
trend of improved OS in lung cancer patients in Korea, sig-
nify the clinical relevance and importance of CPI as a form of
late complication following TRT, which deserves close moni-
toring following TRT. Further prospective studies, however,
with a larger number of patients and longer-term follow-up,
may be warranted.

In conclusion, the cumulative incidence of CPI was
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about 7% at 7 years after RT for lung cancer and showed an
increasing trend during the follow-up period. We identified
the risk factors associated with the treatment of lung cancer
(larger CTV and history of lung cancer surgery or radiation
pneumonitis) as well as commonly known risk factors (lower
BMI, underlying interstitial lung disease, prior PTB, and ICS
use). Therefore, it is necessary to closely follow the develop-
ment of CPI in lung cancer patients with risk factors after RT.
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