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Changes in serum transforming growth factor-beta concentration
as a predictive factor for radiation-induced lung injury onset in
radiotherapy-treated patients with locally advanced lung cancer
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Background: Radiation-induced lung injury (RILI) occurs after chest radiation therapy, which ranges from
acute radiation pneumonia to subsequent radiation pulmonary fibrosis. However, they are difficult to predict.
The study aimed to examine the predictive utility of serum levels of transforming growth factor-beta (TGF-B)
for radiation-induced lung injury.

Methods: This single-center prospective observational study enrolled 21 patients with locally advanced
lung cancer who underwent chest radiation therapy. We measured the serum levels of TGF-B, Krebs von
Denlungen-6, and granulocyte colony-stimulating factor (GCSF) eight times immediately before irradiation.
Results: Seven, four, eight, and one patient had Grade 0, 1, 2, and 3 radiation-induced lung injury,
respectively. Compared with the Grade 0 and 1 RILI groups (RP- group), the Grade 2 and 3 RILI groups
(RP+ group) had a significantly higher relative ratio of TGF-p values from immediately before irradiation to
the time of 30-48 Gy irradiation (P=0.011). The cut-off value of the T'GF-f relative ratio of the RP+ group
measured from the receiver operating characteristic curve was 1.31; moreover, the sensitivity, specificity, and
positive predictive value were 75%, 100%, and 75%, respectively. There was no significant between-group
difference in the levels of the other cytokines.

Conclusions: For patients undergoing radiation therapy for locally advanced lung cancer, the ratio of
TGF-B levels before and after 30-48 Gy irradiation may predict the onset of RILI. Our findings may

facilitate the identification of predictors of the onset of radiation-induced lung injury.
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Introduction such as ground-glass attenuation, and reticular shadows

Radiation-induced lung injury (RILI) is a non-infectious appear in the lungs within the irradiation field. In this

lung injury that usually occurs within the field of radiation period, the symptoms are often still asymptomatic to mild.
after chest radiation therapy, which may subsequently heal During the next organizing phase, patchy consolidation

or be prolonged. In the initial phase, interstitial shadows, occurs in the same area as the irradiated area, regardless
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of the anatomical boundaries of the lung areas and lobes.
When the degree of patchy consolidation is severe,
various respiratory symptoms appear. After this phase,
the fibrotic phase occurs, and linear scarring, increased
density consolidation, and decreased lung volume are
observed in line with the irradiated area. During this phase,
the symptoms of the acute phase disappear and stabilize;
however, respiratory function may be impaired if the
volume loss is marked. The clinical course of the disease
is usually stable during follow-up, but in cases of severe
symptoms, treatment with steroids is required, and the
disease may spread to the irradiated area, becoming severe
and rarely fatal (1).

Although we have experienced various RILI patterns at
our hospital, it remains difficult to predict the RILI onset.
Moreover, it is necessary to elucidate the pathophysiology
of RILI. The pathology of RILI involves free radicals and
DNA damage, which causes oxidative stress, angiopathy,
and inflammation. Persistent inflammation causes various
pathological changes, which may be influenced by various
cytokines, including transforming growth factor-beta
(TGF-B) (1-3). We aimed to investigate whether serum
levels of TGF-B, Krebs von Denlungen-6 (KL-6), and
granulocyte colony-stimulating factor (G-CSF) could
predict RILI onset in patients who had received radiation
therapy for locally advanced lung cancer. We present the
following article in accordance with the STROBE reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tler-22-229/rc).

Methods
Study design and patients

This single-center prospective observational study was
conducted from November 2016 to August 2019 at the
Kyoto Prefectural University Hospital on patients with
locally advanced lung cancer who underwent thoracic
radiation therapy. The study was conducted in accordance
with the Declaration of Helsinki (revised in 2013). The
study protocol was approved by the Ethics Committee
of Kyoto Prefectural University of Medicine (No.
ERB-C-679). All the patients provided informed consent.
We included patients who did or did not receive
chemotherapy. There were 21 patients who had received
chest radiation therapy (RT) for locally advanced lung
cancer, including Stages I to III (Union for International

Cancer Control; Tumor-Node-Metastasis (TNM)
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classification and staging of lung cancer, 8" edition). Of
the 21 patients, four received stereotactic radiation therapy
(SRT) and 17 received intensity-modulated radiation
therapy (IMRT). Of the four patients who received
stereotactic irradiation, one received it in combination
with chemotherapy and three received radiation therapy
alone; all of which with a total dose, number of fractions,
and duration of treatment of 48 Gy, 4 fr, and one week,
respectively. Of the 17 patients who received IMRT, five
received hyper-fractionated intensity modulated radiation
therapy (HF-IMRT) and 12 received standard fractionated
intensity-modulated radiation therapy (SF-IMRT).
One patient in the SF-IMRT group had to be stopped
immediately after irradiation due to an adverse event.
Excluding this patient, the mean total dose, number of
fractions, and duration of treatment were 55.76 Gy, 35.6 fr,
and 3.6 weeks, respectively, (45-64 Gy, 3040 fr, 3—4 weeks)
for the HF-IMRT group and 57.1 Gy, 28.1 fr, and 5.8 weeks
for the SF-IMRT group, respectively (40-64 Gy, 19-40 fr,
4-8 weeks). We measured serum cytokine levels (TGF-B,
KL-6, and G-CSF) in each patient before therapy, as
well as 2 weeks, 4 weeks, 8 weeks, 12 weeks, 16 weeks,
6 months, and 1 year after irradiation. TGF-p levels were
analyzed using the Quantikine® ELISA kit Human TGF-B1
Immunoassay. G-CSF levels were analyzed using the
Quantikine® ELISA kit Human G-CSF Immunoassay. KL-6
measurement was outsourced to SRL Inc (Shinjuku Mitsui
Building, 2-1-1 Nishishinjuku, Shinjuku-ku, Tokyo 163-
0408. http://www.srl-group.co.jp/english/). The patients
were monitored up until one year after irradiation. RILI
grading was based on the term “pneumonitis” in National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) version 5.0. Patients diagnosed
with RILI Grade 2 or higher were started on prednisolone
at 0.5-0.8 mg/kg/day, titrated down by 5 mg/day
over 1-2 weeks according to symptoms. Before the 2, 4,
and 6 weeks after initiation of steroid administration, the
patients underwent outpatient examinations, blood tests,
and treatment monitoring by diagnostic imaging. We
analyzed the following variables: age, sex, body mass index
(BMI), Eastern Cooperative Oncology Group performance
status (ECOG PS), pathology, smoking, Brinkman index,
% vital capacity (% VC), %forced expiratory volume in
one (% FEV1), tumor size (Response Evaluation Criteria
in Solid Tumors v1.1), albumin, TNM stages, dose-
volume histogram (DVH) parameters, chemotherapy
administration, total radiation dose, and RILI grade. TNM
staging was performed using the TNM stage classification
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Registration period: Nov. 2016-Aug. 2019

Registrated patients (n=21)

Inclusion criteria:

e Patients with locally advanced lung caner
e Including stages | to Il

e Curative radiotherapy

e With or without chemotherapy

Eight blood samplings

Observation for 1 year after initiation of irradiation
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Incomplete radiation therapy

Y
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¢ Total radiation dose =40 Gy
e Completion of radiation therapy
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Figure 1 Flow chart of study participants. RILI, radiation-induced lung injury.

system version 8.

Pulmonologists performed diagnosis, treatment
selection, and subsequent follow-ups, while radiologists
planned the method and range of radiation therapy. All
follow-up computed tomography (CT) scans were evaluated
by radiologists and pulmonologists. Patients with new
infiltration or cord-like shadows on CT and “Grade 2:
Symptomatic and requiring therapeutic intervention” or
higher in CTCAE v5.0 “Pneumonia” were classified as
RP+, and those with “Grade 1: no therapeutic intervention
required” or lower were classified as RP-. Patients who
could not complete the irradiation due to some adverse
events were excluded from the analysis.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Advanced Statistics software (version 25; SPSS Inc., Chicago,
IL, USA). Patient characteristics at the participation time
were presented as standard descriptive statistics. Mann-
Whitney U test was performed to identify the significant
clinical factors related to the Grade 2 and 3 RILI and to
compare the cytokine levels at each time point between the
Grade 0 and 1 RILI group (RP- group) and Grade 2 and 3
RILI group (RP+ group). Relative ratios at each time point
were defined as follows: for 2 weeks after RT finish and
cytokine levels at 2 weeks after RT finish/cytokine levels at
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pre-RT. Statistical significance was set at P>0.05.

Results
Baseline characteristics of the patients

Among the 21 patients, one was excluded since treatment
was interrupted due to Grade 4 neutropenia and septic shock
resulting from pyelonephritis on the third day of irradiation
(during 12 Gy irradiation) (Figure 1). Of the 20 patients,
10 were treated with RT alone (six with SRT, three with
SF-IMRT, and one with HF-IMRT) and 14 were treated
with chemotherapy (one with SBRT, nine with SF-IMRT,
and four with HF-IMRT). Of the patients in the combined
chemotherapy group, two were treated with cisplatin
(CDDP) combined and 12 with carboplatin (CBDCA)
combined. One patient received one course of platinum
combination therapy, one received two courses, one received
three courses, and 12 received four courses. Seven, four,
eight, and one patient were in Grade 0 (non-symptomatic),
1, 2, and 3, respectively (7Table 1). Grade 2 and 3 RILI
groups (RP+ group) required steroid therapy. Treatment
with prednisolone was initiated at 0.5-0.8 mg/kg/day
depending on symptoms, with a mean duration of treatment
of 19.1 weeks (4-31 weeks); three patients continued
maintenance therapy at 5-10 mg/day due to relapse of
RP during steroid reduction. There were no significant
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Table 1 Patient characteristics

Variables All (n=20), n (%) RP- (n=11), n (%) RP+ (n=9), n (%) P value
Age, years
Median [range] 71 [68-86] 76 [54-85] 0.57
<70 8 (40.0) 4(20.0) 4 (20.0)
>70 12 (60.0) 7 (35.0) 5(25.0)
Sex
Male 15 (75.0) 9 (45.0) 6 (30.0) 0.46
Female 5 (25.0) 2(10.0 3(15.0)
BMI, kg/m’, mean +SD 23.0+1.1 22.4+2.4 0.65
ECOG PS
0 11 (565.0) 6 (30.0) 5 (25.0)
1 9 (45.0) 5(25.0) 4(20.0)
Pathology
Adenocarcinoma 6 (30.0) 4 (20.0) 2 (10.0)
Squamous cell 6 (30.0) 2 (10.0) 4 (20.0)
Small cell 4(20.0) 3(15.0) 1(5.0)
Non-small cell 4 (20.0) 2 (10.0) 2 (10.0)
Smoking
Yes 17 (85.0) 9 (45.0) 8 (40.0)
No 3(15.0) 2(10.0) 1(5.0)
Brinkman index, median [range] 850 [400-3,060] 690 [50-1,600] 0.16
%VC
Mean + SD 89.9+9.1 92.6+13.0 0.66
%VC <80 4(20.0) 2(10.0) 2(10.0)
%FEV1, mean = SD, % 80.3+13.2 95.8+21.4 0.11
FEV1% (FEV1%G <70) 8 (40.0) 6 (30.0) 2(10.0) 0.07
Tumor size, mean + SD, mm 40+23 47+28 0.60
Albumin, mean + SD, g/dL 3.5+0.4 3.6+0.4 0.88

Lymph node status (8th, TNM)

NO 8 (40.0) 5 (25.0) 3 (15.0)
N1 2 (10.0) 2 (10.0) 00

N2 5 (25.0) 3 (15.0) 2 (10.0)
N3 5 (25.0) 1(5.0) 4 (20.0)

Clinical Stage (8", TNM)

[ 7 (35.0) 5 (25.0) 2(10.0)
[ 1 (5.0) 1 (5.0) 0(0)
1 12 (60.0) 5 (25.0) 7 (35.0)

Table 1 (continued)
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Variables All (n=20), n (%) RP- (n=11), n (%) RP+ (n=9), n (%) P value
DVH parameters, mean + SD, %
Vao* 14.1£5.2 21.2+6.5 0.03
Vs 27.8+4.7 36.1+8.2 0.02
Treatment
Single RT 6 (30.0) 4(20.0) 2(10.0)
Single SRT 3(15.0) 2(10.0 1(5.0)
Single SF-IMRT 2(10.0) 2(10.0) 0(0)
Single HF-IMRT 1(5.0) 0(0.0) 1(5.0)
Combination chemotherapy 14 (70.0) 7 (35.0) 7 (35.0) 0.90
+ SBRT 1(5.0) 1(5.0) 0(0)
+ SF-IMRT 9 (45.0) 4(20.0) 5 (25.0)
+ HF-IMRT 4 (20.0) 2(10.0) 2(10.0)
Chemotherapy regimens
CDDP combined 2(10.0) 2(10.0) 0(0)
CBDCA combined 11 (55.0) 4(20.0) 7 (35.0)
Total radiation dose (Gy), median [range] 57 [40-66] 60 [45-64] 0.19
RILI grade
0 7 (35.0) -
1 4(20.0) -
2 - 8 (40.0)
3 - 1(5.0)

*, VX, ratio of lung volume irradiated above xGy to total lung volume. VC, vital capacity; FEV1, forced expiratory volume in one second,
DVH, dose volume histogram; SRT, stereotactic radiation therapy; SF-IMRT, standard fractionated intensity-modulated radiation therapy;
HF-IMRT, hyper-fractionated intensity-modulated radiation therapy; CDDP, cisplatin; CBDCA, carboplatin; RILI, radiation-induced lung

injury.

between-group differences in age, sex, BMI, ECOG-PS,
smoking index, % VC, and treatment with chemotherapy.
There were no significant between-group differences in the
total radiation dose and irradiation period, with the median
irradiation doses in the RP+ and RP- groups being 57 and
60 Gy, respectively. Additionally, both groups include those
who received radiotherapy only. Based on the histological
classification, adenocarcinoma, squamous cell carcinoma,
small cell carcinoma, and non-small cell lung cancer
(NSCLC) were observed in four (36.4%), two (18.2%),
three (27.3%), and two (18.2%) patients, respectively, in the
RP- group. In the RP+ group, adenocarcinoma, squamous
cell carcinoma, small cell carcinoma, and NSCLC were
observed in two (22.2%), four (44.4%), one (11.1%), and
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three (33.3%) patients, respectively. Lymph node metastasis
was described based on the eighth edition of the TNM
classification. Compared with the RP- group, the RP+
group showed significantly higher values of the DVH
parameters V20 and V5 (P=0.03, P=0.02).

Between-group comparison of serum TGF-f levels

The 20 participants comprised individuals who received
radiation monotherapy and chemoradiation combination
therapy, with the irradiation period differing across the
individuals. Therefore, during irradiation, we did not
compare each period after treatment initiation but rather
compared each irradiation dose. Serum TGF-f levels were
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Figure 2 TGF-p cytokine levels transition for 1 year from the beginning of RT in patients with Grade >2 and Grade <1 RILI. RP-, Grade 0
and 1 RILL; RP+, Grade 2 and 3 RILI. TGF-B, transforming growth factor-beta; RT, radiation therapy; RILI, radiation-induced lung injury.

measured before irradiation and during 15-29 and 30-48 Gy
irradiation, as well as 0-2, 3-6, 7-10, 18-25, and 44-51 weeks
after irradiation (Figure 2). There was no significant between-
group difference in the pre-irradiation TGF-p levels, which
showed variability. There was no significant between-group
difference in the post-irradiation TGF-B levels. TGF-p levels
were not correlated with the smoking index, BMI, %FEV1,
albumin, and tumor size. Moreover, a comparative study
of lymph node metastasis with NO, 1 vs. N2, 3 revealed no
significant between-group difference in TGF-p levels. There
was no significant between-group difference in TGF-p levels
immediately before RILI onset. TGF-f levels immediately
before onset were not correlated with BMI, %FEV1, or
serum albumin levels. As aforementioned, the pre-radiation
TGF-p levels varied across individuals before irradiation,
which impeded a comparative study for predicting the onset
of RILI. Therefore, we conducted a comparative study based
on the relative ratio of the pre-radiation TGF-p levels.

Between-group comparison of the relative to baseline of
serum TGF-f levels

We performed between-group comparisons of the transition
of the relative to baseline of the pre-irradiation serum
TGF-B levels (Figure 3). During 30-48 Gy irradiation, the
relative ratio of the pre-irradiation serum TGF-f levels
was significantly higher in the RP+ group than in the RP-
group (median = SD: 1.7+1.0 vs. 0.7+0.3, P=0.01). The
relative ratio of the pre-irradiation serum TGF-B levels

© Translational Lung Cancer Research. All rights reserved.

during 30-48 Gy irradiation was not significantly correlated
with the DVH parameters V5 and V20, which were also
significantly different in the univariate analysis (P=0.1;
P=0.1). We did not perform a logistic regression analysis
given the small sample size. Additionally, the receiver
operating characteristic (ROC) curve for the presence or
absence of Grade 2 or higher RILI according to the TGF-$
ratio during 30-48 Gy irradiation showed a moderately high
AUC of 0.861 (Figure 4). The cut-off value of the Grade 2 or
higher RILI group was 1.31, with a sensitivity and specificity
of 75% and 100%, respectively. Moreover, the positive
predictive value was 75%), with <1.31 and >1.31 being
negative and positive, respectively. The negative predictive
value was 83.3%. These findings suggested that a relative
ratio of >1.31 at the time of 30-48 Gy irradiation could
predict the onset of RILI of Grade 2 or higher. There was no
significant between-group difference in the relative TGF-f
ratio immediately before RILI onset; moreover, it was not

associated with the smoking index, BMI, FEV1, or albumin.

There were wide variations in the relative ratio of TGF-f8
levels in late-onset RILI

Nine patients with Grade 2 or higher RILI were divided
according to the time of onset, followed by the comparison
of clinical parameters and the TGF-B relative ratios.
Specifically, seven patients developed early-onset disease
by 14 weeks after irradiation, while two patients developed
late-onset disease more than six months after irradiation
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Figure 4 ROC curve of relative ratio in TGF-B cytokine levels
of 20 patients irradiated with 30-48 Gy. ROC curve statistics
for determining the onset > G2 RILI. AUC is 0.861 (95%
confidence interval: 0.67-1.00, P=0.01). ROC, receiver operating
characteristic; TGF-p, transforming growth factor-beta; RILI,

radiation-induced lung injury; AUC, area under the curve.
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(Figure 5). We performed between-group comparisons of
changes in TGF-P cytokine levels (Figure 3). The RP- and
early onset groups showed less variation throughout the
year. Among the two cases in the late-onset group, one had
large long-term fluctuations after the 30-48 Gy irradiation.
This patient had undergone chemoradiotherapy for
NSCLC; however, there was no recurrence or other adverse
events for 1 year. However, this study had a small sample
size, and further studies are warranted.

Serum KL-6 and G-CSF levels are unsuitable for
predicting RILI onset

We observed no significant between-group difference
in the absolute and relative ratios of serum KL-6 levels
(Figure 6A4,6B); moreover, there were not correlated with
TGEF-B levels. Similarly, there was no significant between-
group difference in the absolute and relative ratios of serum
G-CSF levels (Figure 6C,6D). The absolute G-CSF levels
at the time of 30-48 Gy irradiation showed significant
differences between with and without chemotherapy.
There was no correlation of the absolute and relative
ratio of G-CSF levels with other clinical parameters.
Regarding the serum G-CSF levels, two cases deviated
from the normal distribution and showed markedly high
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Figure 5 Examination for each RILI-onset time. Patients with Grade 2 and 3 RILI were divided into two groups based on the time of onset.

There was no significant between-group difference in the clinical characteristics. RILI, radiation-induced lung injury.
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Figure 6 Changes in the level of each cytokine. (A) Krebs von Denlungen-6 (KL-6) serum level, (B) KL-6 relative ratio, (C) G-CSF serum
level, and (D) G-CSF relative ratio. RP-, Grade 0 and 1 RILI; RP+, Grade 2 and 3 RILIL RILI, radiation-induced lung injury; RT; radiation

therapy; G-CSF, granulocyte colony-stimulating factor.

values. However, both cases had acute inflammation, which
coincided with the increased levels. The first patient did
not develop RILI and showed a marked increase in serum
G-CSF levels (concentration relative change >800) at the

© Translational Lung Cancer Research. All rights reserved.

same time as peritonitis due to small intestinal perforation
and intra-abdominal abscess. Additionally, the second
patient developed febrile neutropenia (FN) associated with
chemotherapy, which coincided with a marked increase in
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serum G-CSF levels (concentration relative change 132.3).
Radiotherapy was completed after the improvement of FIN;
moreover, the patient developed Grade 2 RP immediately
after completion.

Discussion

First, compared with the RP- group, the RP+ group had
a significantly higher relative ratio of TGF-B levels at the
time of 30-48 Gy irradiation (P=0.01); moreover, a relative
ratio of TGF-B level 21.31 could predict the onset of Grade
2 or higher RILI. Second, KL-6 and G-CSF could not
predict RILI onset. Third, patients with late-onset RILI
showed a tendency of fluctuations in the relative ratio of
TGEF-B levels.

A relative ratio of TGF-f of >1.31 can predict RILI onset

Compared with the RP- group, the RP+ group showed a
significantly higher relative ratio of TGF- levels at the time
of 30-48 Gy irradiation (P=0.01). Further, a relative ratio
of TGF-B levels of >1.31 could predict the onset of Grade
2 or higher RILI. In RILI, TGF-p contributes to oxidative
stress, angiopathy, inflammation due to free radicals, and
DNA damage after irradiation. Sustained TGF-B signaling
activation causes activation of the SMAD signaling pathway,
which stimulates fibroblast proliferation and extracellular
matrix (ECM) deposition. This results in a more hypoxic
environment and promotes fibrosis (3). Static fibroblasts
with ECM, type I collagen, and fibronectin are activated
by external stresses, including ROS, TGF-B, hypoxia,
and other cytokines. Activated fibroblasts are plastic and
are characterized by a secretory phenotype, which results
in different cross-linking of ECMs and production of
fibronectin, TGF-B, CCL-5, and IL-6. Additionally,
activated fibroblasts promote cytoskeletal remodeling,
which suggests that TGF- is significantly involved in late-
onset RILI. Although there have been studies on RILI-
related cytokine levels, it is difficult to identify significant
factors due to variations in the evaluation timings and
patient characteristics (1,4). A recent study reported
a significant increase in G-CSEF, IL-6, and interferon-
gamma levels at 3 weeks after chemoradiotherapy for
NSCLC. However, there was no significant increase in the
TGF-p levels and their relative ratio during irradiation (5).
However, this previous study performed a 3-month follow-
up after irradiation and did not include patients with late-
onset RP. Contrastingly, we included two cases of late-onset
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RILI, 6 months after the end of irradiation. Taken together,
the relative ratio of the serum TGF-p levels at 30-48 Gy
irradiation to immediately before irradiation could be a
useful predictor of RILI onset, including late-onset RILI.

Serum KL-6 and G-CSF levels are not predictive markers
for RILI onset

Our study found no significant differences in the serum
KL-6 and G-CSF levels between the RP+ and RP- groups.

KL-6 is a glycoprotein that belongs to the MUC1
mutation of >5,000 kDa. It is mainly produced by type 11
alveolar epithelial cells in the lungs; further, interstitial lung
disease is characterized by increased serum KIL-6 levels
(6,7). Increased serum KL-6 levels reflect the damage and
production of epithelial cells; additionally, it could be useful
as a biomarker for diseases, such as idiopathic pulmonary
fibrosis, hypersensitivity pneumonitis, sarcoidosis, and
collagen disease-related interstitial pneumonitis (IP) (7-10).
In addition to KLL-6, SP-A, SP-D, and MCP-1 are serum
markers for interstitial pneumonia; however, KL.-6 is the
most sensitive (94%) marker for interstitial pneumonia,
with high specificity (96%) (11). In addition, KL-6 is
correlated with the proportion of frosted glass shadows
in the lung field area (measured in five cross-sections);
further, it is more strongly correlated with fibrotic lesions
(the number of areas with traction bronchiectasis) (12).
Patients with IP shadows on CT as well as high serum
KL-6 and SP-D levels before stereotactic body radiation
therapy showed a high rate of developing severe RP (13).
These previous findings suggested that KL-6 could be a
predictive marker for RILI onset.

G-CSF is comprised of approximately 180 amino acid
residues (14-16); moreover, its receptor is located on progenitor
cells in the bone marrow. Upon receptor stimulation by G-CSE
there is cell differentiation and proliferation into mature
granulocytes. Additionally, it induces survival, proliferation/
differentiation, and function of neutrophil progenitor cells
and mature neutrophils, which causes a marked increase in the
levels of neutrophil inflammation. Regarding the association
between radiotherapy and G-CSF, pulmonary toxicity
development after G-CSF treatment has been reported (17).
Moreover, patients with RILI show a high neutrophil-to-
lymphocyte ratio. G-CSF-activated neutrophils can cause
pulmonary toxicity by attacking the hilar vascular wall of the
alveoli, which is associated with progression to RILI (18).
Radiotherapy is usually discontinued when using G-CSF
preparations. A previous study observed that G-CSF levels
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peaked in the lung, bronchoalveolar lavage, and serum samples
obtained from RILI-sensitive mice early after radiation
exposure; further, there was a correlation between tissue and
serum cytokine levels. This indicated that serum G-CSF levels
could be a predictive marker for radiotoxicity (19).

Nonetheless, our findings revealed no significant
between-group differences in the serum KL-6 and G-CSF
levels.

As for KL-6, previous studies have demonstrated a
correlation between the incidence of RP and increased
serum KIL.-6 and SP-D levels (13,20). The incidence of
severe RILI has decreased from 18.8% in 2005-2006 to
3.5%, which could be attributed to prior screening methods
for KL-6 screening and IP shadows (13). We did not include
cases with IP shadows; furthermore, since the baseline
KL-6 levels were within the normal range, patients at risk
of RILI who had high KL-6 levels during the pretreatment
screening were excluded. For these reasons, it is considered
that there was no correlation between the incidence of RP
and increased serum KL-6 level.

As for G-CSF, regarding the two patients with
markedly high serum G-CSF levels, the onset time of
small intestinal perforation, peritonitis, intra-abdominal
abscess, and febrile neutropenia coincided with the time
of markedly increased G-CSF levels. Serum G-CSF
levels reflect RILI and various inflammatory changes also,
including neutropenia and other chemotherapy-induced
infectious diseases. As suggested by Ao er al. (19), serum
G-CSF levels may predict relatively early-onset RILI;
however, they cannot be used alone since they are easily
affected by other factors.

TGF- as a predictor marker for late-onset RILI

Compared with the early-onset group, the late-onset
group showed greater fluctuations in the TGF-p ratio,
especially at the time of 30-48 Gy irradiation, immediately
after irradiation, and 2-3 months after irradiation. As
aforementioned, few studies have performed long-
term follow-up from the start of irradiation to one year;
additionally, the fluctuation of the TGF-p ratio in late-
onset RP during and after irradiation remains unclear. In
our study, the two patients with late-onset RP showed a
tendency of a high relative ratio of TGF-p levels at the
time of 30-48 Gy irradiation. This suggests that a high
relative ratio of T'GF-B levels can predict RP development,
especially late-onset RILI. Careful follow-up imaging
examination should be performed even 6 months after the
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end of irradiation.

RILI in combination with radiation therapy and immune
checkpoint inhibitors (ICIs)

This study included one case of ICI monotherapy as second-
line treatment and two cases of combined use of CCRT
and durvalumab combination therapy during the follow-up
period.

While the benefits of ICIs in the treatment of lung cancer
are clear, there are concerns regarding RILI in radiation
and ICI combination therapy. In fact, the PACIFIC trial
showed a higher incidence of RP in the durvalumab group
than in the placebo group (20% vs. 15.8%) (21). Moreover,
another multicenter prospective cohort study of 20 patients
with Grade 1 RP before the start of durvalumab after
CCRT found that three patients (15%) experienced Grade
3 or higher adverse events within 3 months of starting
durvalumab. Moreover, three patients (15%) had Grade 2 or
higher non-infectious RP. Although durvalumab may be a
viable treatment option for this patient population, its long-
term safety remains unclear (22). Nivolumab administration
to patients who have undergone chest radiation therapy was
found to cause the radiation pneumonia recall phenomenon,
with delayed imaging findings, including RP (23,24). In this
study, three patients underwent ICI therapy after radiation,
and none developed RILI for one year after irradiation;
moreover, the TGF-B or G-CSF levels did not significantly
decrease. Our study included only a few cases and did not
provide a comprehensive view of ICIs and RILI, but further
studies on ICIs and RILI are needed as more cases of
radiation immunotherapy are expected in the future.

This study had several limitations. First, the overall
sample size was small, and there were only two cases with
late-onset RILI. Therefore, future large-scale studies
conducting multivariate analyses are needed. Second, in
some cases, irradiation was discontinued due to other
adverse events; moreover, data were missing at the time
of analysis. Third, adjuvant steroid therapy might have
had modification effects on some patients who received
radiation monotherapy and chemoradiotherapy.

Conclusions

Our findings indicate that changes in serum TGF-p levels
during 30-48 Gy irradiation can predict the onset of RILI
of Grade 2 and higher even after >6 months. Thus, a long-
term follow-up of these patients is necessary. Our findings
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could inform the prediction of late-onset RILI, which could
mitigate delays in detection and intervention.
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