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Background: The aim of the present study was to explore the predictive value of serum apurinic/apyrimidinic
endonuclease 1/redox factor-1 (Apel/Ref-1) combined with transforming growth factor B1 (TGF-p1) levels in
the occurrence of radiation pneumonitis (RP) in patients with non-small cell lung cancer (NSCLS).
Methods: Eighty-one patients with NSCLS who were admitted from August 2017 to July 2019 were
enrolled in the present study. All patients were treated with concurrent radiotherapy and chemotherapy.
Serum Apel/Ref-1 and TGF-B1 levels were measured before treatment and 12 weeks after treatment.
Patients with radiation-induced lung injury were assessed and divided into the RP group (lung injury >2) and
non-RP (NRP) group (grade <2). The levels of serum Apel/Ref-1 and T'GF-B1 before and after treatment
between the 2 groups were compared. The relationship between clinical characteristics, serum Apel/Ref-
1, TGF-B1 levels, and the occurrence of RP were then analyzed, and the relationship between serum Apel/
Ref-1, TGF-PI levels, and their predictive value for the occurrence of RP was also assessed.

Results: The incidence of RP in 81 patients was 30.86%. After treatment, the serum Apel/Ref-1 and
TGEF-B1 levels of the 2 groups were significantly higher than those before treatment (P<0.05). Furthermore,
after treatment, the levels of serum Apel/Ref-1 and TGF-B1 in the RP group were significantly higher than
those of the NRP group (P<0.05). Multivariate logistic regression analysis showed that V20, Apel/Ref-
1, and TGF-B1 were associated with the occurrence of RP (P<0.05). The levels of serum Apel/Ref-1 were
positively correlated with TGF-p1 (r=0.734, P<0.05). Finally, the area under the curve of RP occurrence,
which was predicted by the levels of serum Apel/Ref-1, TGF-B1, and the combination of both were 0.779,
0.69, and 0.842, respectively.

Conclusions: The occurrence of RP in NSCLS patients is closely related to the levels of serum Apel/Ref-

1 and TGF-B1, and the combination of both has important predictive values for the occurrence of RP.
Keywords: Apurinic/apyrimidinic endonuclease 1/redox factor-1 (Apel/Ref-1); transforming growth factor f1
(TGF-B1); non-small cell lung cancer (NSCLS); radiation pneumonitis (RP); predictive value
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Introduction

Lung cancer is the most common cancer in incidence
and mortality worldwide. There is a 1.8 million increase
in the number of lung cancer patients worldwide each
year, and 30% of patients with malignant tumors die of
lung cancer (1). Non-small cell lung cancer (NSCLS) is a
common type of lung cancer, and the prognosis of patients is
relatively poor. The current standard treatment for NSCLS
is concurrent radiotherapy and chemotherapy (2). Although
concurrent radiotherapy and chemotherapy can effectively
improve the prognosis of NSCLS patients, patients are
also prone to various complications; radiation pneumonitis
(RP) is an important complication associated with its
treatment. Studies have shown that after the occurrence
of RP, alveolar endothelial cells and epithelial cells are
frequently injured, followed by fibroblast proliferation,
fibrous matrix formation, and abnormal changes in the
levels of inflammatory factors. Therefore, the occurrence of
RP is closely related to the levels of cytokines related to the
above changes (3). As a multifunctional protein, apurinic/
apyrimidinic endonuclease 1/redox factor-1 (Apel/Ref-1)
plays an important role in the occurrence of RP, and
oxidative stress caused by radiotherapy can increase the
level of Apel/Ref-1 (4). The research report of Yu ez al. (5)
pointed out that ionizing radiation can stimulate the
overexpression of APE1/Ref-1 protein, and can cause it to
shift from the nucleus to the cytoplasm and the expression
of the first increase and then decrease, indicating that
Apel/Ref-1 can be used as a molecular target for the
prevention and treatment of radiation-induced lung injury,
and may play an important role in damage repair during
the occurrence and development of radiation-induced lung
injury. Transforming growth factor Bl (T'GF-B1) is related
to the process of pulmonary fibrosis. It can regulate cell-
matrix proteins by activating fibroblasts, thereby affecting
collagen synthesis, and mediate RP occurrence and its
repair processes (6). According to the research, TGF-B1
can positively express in the sputum of patients with
NSCLC, located in macrophages and epithelial cells, with
macrophages as the main areas of expression. Patients with
positively expressed TGF-B1 in sputum after radiotherapy
have a higher incidence of radiation pneumonitis than those
with negative expressions (7). Studies have shown that the
detection of serum Apel/Ref-1, ICAM-1 and IL-17A levels
in 68 eligible advanced NSCLC patients with concurrent
radiotherapy and chemotherapy before and after treatment
has found that the serum IL-17A may be used to predict
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the occurrence of radiation pneumonitis. However, the
occurrence of radiation-induced lung injury is a complex
process involving multiple cytokines, and changes in a single
cytokine may not accurately reflect this process (8). In the
present study, we confirmed that Apel/Ref-1 and TGF-p1
are related to the occurrence of RP, but whether they can be
used individually or concurrently to predict the occurrence
of RP needs further research. Therefore, we explored the
relationship between serum Apel/Ref-1, TGF-B1 levels,
and the occurrence of RP in NSCLS patients. We present
the following article in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-423).

Methods
General information

Eighty-one patients with NSCLS who were admitted from
August 2017 to July 2019 were enrolled in the present study.
All patients agreed to participate in this study and signed
an informed consent form. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the Sichuan Provincial
People’s Hospital, University of Electronic Science and
Technology of China (No. 20170626). The inclusion
criteria were as follows: (I) NSCLS patients with no distant
metastasis; (II) stages I-III tumors according to the American
Joint Committee on Cancer staging (9); (III) patients
had not received antitumor therapy prior to enrollment;
and (IV) patients received and met the indications of
concurrent radiotherapy and chemotherapy. Exclusion
criteria were as follows: (I) other tumors; (II) abnormal
mental; (III) contraindications to concurrent radiotherapy
and chemotherapy; (IV) pulmonary fibrosis or pulmonary
infectious diseases before treatment; (V) previous lung
resection. Of the 81 patients, 39 were males and 42 were
females. Their ages ranged from 39 to 83 years, with an
average age of 61.29+10.29 years. Based on American Joint
Committee on Cancer staging, 23 cases were stage I, 28 cases
were stage 11, and 30 cases were stage III. The course of illness
was 1-56 months, with an average of 39.22+10.21 months.

Treatment plan

The patients were treated with reverse intensity-modulated
chemotherapy. After the vacuum body frame or the heat
shrinkable body film was fixed, computed tomography
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(CT) simulation positioning scan was used, and the interval
between the layers was 3 mm. The Varian EclipseDX
system (Palo Alto, CA, USA) was then used to delineate
the treatment target area. The general target area was
divided according to the visible lesions in the imaging
examination, whereas the clinical target area was expanded
outside the general target area, of which squamous cell
carcinoma and adenocarcinoma were expanded by 6 and 8
mm, respectively. The dose-volume histogram and isodose
curve were used to determine the radiotherapy treatment
plan in consideration of the patient's lung function and its
involvement. The dose of the radiotherapy was from 60 to
70 Gy, with a total of 30 to 35 times, spanning 6—7 weeks.
The maximum, minimum, and average doses in the general
target area, lung V5, V10, V20, and average dose, and
normal tissue complication rate were collected to ensure
that normal tissues were not affected by radiotherapy. The
concurrent chemotherapy included 2 cycles. Specifically,
the treatment included cisplatin combined with etoposide.
Cisplatin was used at 50 mg/m’ on the Ist, 8th, 29th, and
36th day of treatment, whereas 50 mg/m’ etoposide was
applied on days 1-5 and 29-33 of treatment. Following
treatment, the patients were followed-up every 3 months.

Determination of serum index

A total of 3 mL of fasting venous blood in the morning after
the treatment was completed and before the treatment of
the patient was collected, and the serum was then obtained
after centrifugation. Enzyme-linked immunosorbent assay
was then used to determine the levels of Apel/Ref-1 and
TGF-B1. The determination kit was purchased from R&D
Systems (USA). The determination step was performed
according to the manufacturer’s instructions.

Determination of RP

The RP grade was determined based on the relevant physical
signs and chest CT imaging examination results, according to
the standards issued by the European Treatment Cooperative
Group and the American Oncology Radiotherapy
Cooperative Group (9). Grade 0 means that there are no
significant changes in related signs compared with those of
pre-treatment; grade 1 means that there is a mild cough and
shortness of breath when coughing hard after treatment;
grade 2 means that after treatment there are continuous
coughing symptoms, the patient needs medication for
antitussive, and breathing difficulties occur when exerting
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force; this symptom disappears in the resting state; grade
3 means that after treatment there is symptomatic severe
cough and the application of antitussive drugs is ineffective;
symptoms of shortness of breath even appear in the resting
state, and the imaging examination shows acute pneumonia,
so patients may require corticosteroids or intermittent
oxygen therapy; grade 4 means that after treatment there is
severe respiratory insufficiency requiring assisted ventilation
therapy or continuous oxygen inhalation. Patients with grade
<2 were defined as RP, and all patients were then divided
into the RP group and non-RP (NRP) group based on the
classification results.

Analysis of observation indicators

The incidence of RP in patients was analyzed, and the levels
of serum Apel/Ref-1, TGF-B1 before and after treatment
between the 2 groups were then compared. After that, the
relationship between clinical features, serum Apel/Ref-1,
TGF-B1 levels, and the occurrence of RP were assessed.
Finally, the correlation between serum Apel/Ref-1 and
TGF-B1 levels was analyzed, and the predictive value of
Apel/Ref-1 and TGF-B1 levels for the occurrence of RP
were explored.

Statistical analysis

SPSS version 20.0 (Armonk, NY, USA) software was
used to process the data generated in the present study.
In particular, measurement data, such as serum index
levels, were expressed as mean = standard deviation, #-test
was used for comparison, count data were expressed as
the percentage, and y’-test was used for the comparison
of differences. The relationship between clinical
characteristics, serum Apel/Ref-1, TGF-B1 levels, and
the occurrence of RP were analyzed by single-factor and
multiple logistic regression analysis. Pearson correlation
analysis was used, and the receiver-operating characteristic
(ROC) curve was used to measure the predictive value of
each variable for the occurrence of RP. P<0.05 indicated
that the difference was statistically significant.

Results
Analysis of RP incidence

Patients were followed-up until October 2020. The follow-
up time was 15-26 months, the median follow-up time was
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Table 1 Comparison of serum apurinic/apyrimidinic endonuclease 1/redox factor-1 (Apel/Ref-1) and transforming growth factor f1 (TGF-B1)

levels before and after treatment in the 2 groups

Groups Cases Time Apel/Ref-1 (ng/mL) TGF-B1 (hg/mL)

RP group 25 Before treatment 3.01+0.91 7.52+2.94
After treatment 4.96+1.15 14.29+3.41

NRP group 56 Before treatment 3.15+0.96 7.76+3.06
After treatment 3.86+1.27 10.51+£3.14

NRP, non-radiation pneumonitis; RP, radiation pneumonitis.

23 months, and no one was excluded from follow-up. Of
the 81 patients, 25 had RP, and the incidence of RP was
30.86%. Fourteen cases were grade 2, 10 cases were grade 3,
and 1 case was grade 4.

Comparison of serum Apel/Ref-1 and TGF-f1 levels
before and after treatment in the 2 groups

The serum Apel/Ref-1 and TGF-1 levels before treatment
between the 2 groups were not statistically significant
(P>0.05). After treatment, the serum Apel/Ref-1 and
TGF-B1 levels of the 2 groups both significantly increased
compared with before treatment (P<0.05). Furthermore,
after treatment, the serum Apel/Ref-1 and TGF-B1 levels
in the RP group were significantly higher than those in the
NRP group (P<0.05), as shown in Table 1.

Relationship between patients’ clinical characteristics and
the occurrence of RP

Radiotherapy dose and V20 were related to the occurrence
of RP (P<0.05), whereas sex, age, pathological type, tumor
location, smoking history, and clinical stage were not related
to the occurrence of RP (P>0.05), as shown in Tuble 2.

Multivariate analysis of RP occurrence

The results of the multiple regression analysis showed
that V20, Apel/Ref-1, and TGF-B1 were independent
influencing factors of RP occurrence (P<0.05), whereas
radiotherapy dose was not an independent influencing
factor of RP occurrence (P>0.05), as shown in 7iable 3.

Correlation analysis between serum Apel/Ref-1 and

TGF-p1 levels

Pearson correlation analysis showed that serum Apel/
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Ref-1 levels were positively correlated with TGF-B1 levels
(r=0.734, P<0.05).

Serum Apel/Ref-1, TGF-f1 levels, and the combination
of both for the predictive value of RP occurrence

ROC curve results showed that the area under the curve
(AUC) for RP occurrence predicted by serum Apel/Ref-
1 and TGF-B1 was 0.779 and 0.694, respectively, and the
AUC predicted by the combination of both was 0.842, as
shown in Figure 1 and Tuble 4.

Discussion

RP is an important complication affected by radiation dose
during radiotherapy of lung cancer. Its incidence during the
treatment of patients is in the range of 13-37% (10). The
incidence of RP in the present study was 30.86%, which
was within the reported range. In the treatment of radiation
pneumonia, in addition to symptomatic treatment such as
relieving cough and expectorating phlegm, the treatment
of glucocorticoid is the key. It is recommended to use long-
acting dexamethasone or prednisone, starting with a smaller
individualized dose, adjusting to an effective dose according
to the condition and maintaining it for 3 to 4 weeks, and
slowly reducing the hormone to avoid recurrence of the
disease (11). The occurrence of RP is related to lung injury
caused by ionizing radiation. After lung injury, inflammatory
mediators cause the intense body’s immune response, and
the prediction of RP is beneficial to the formulation of
patient treatment plans (12,13). Therefore, the detection of
changes in cytokine levels during the process of RP and its
application in predicting the occurrence of RP have become
the focus of research in the field of NSCLS.

Apel/Ref-1 is composed of 2 functionally different
subunits, Apel and Ref-1, which can form a highly
conserved functional complex after integration. It is
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Table 2 Analysis of the relationship between patients’ clinical characteristics and the occurrence of radiation pneumonitis (RP)

Characteristics RP group (n=25), n (%) NRP group (n=56), n (%) ¥* value P value
Sex 0.961 0.327
Male 10 (40.00) 29 (60.00)
Female 15 (60.00) 27 (48.21)
Age (years) 0.551 0.489
>60 19 (76.00) 38 (64.86)
<60 6 (24.00) 18 (32.14)
Pathological type 0.304 0.861
Squamous cell carcinoma 13 (52.00) 26 (48.15)
Adenocarcinoma 9 (36.00) 19 (35.19)
Other 3 (12.00) 9 (16.70)
Tumor location 0.878 0.927
Upper left 9 (36.00) 7 (30.36)
Lower left 7 (28.00) 4 (25.00)
Upper right 5 (20.00) 2(21.43)
Lower right 3(12.00) 8 (14.29)
Middle right 1 (4.00) 5(8.93)
Smoking history 0.472 0.492
Yes 10 (40.00) 18 (32.14)
No 15 (60.00) 38 (67.86)
Clinical stage 0.623 0.723
Stage | 8 (30.77) 15 (27.27)
Stage |l 10 (38.46) 18 (32.73)
Stage IlI 8 (30.77) 22 (40.00)
Radiation dose (Gy) 13.548 <0.001
<60 5 (20.00) 36 (64.29)
>60 20 (80.00) 20 (35.71)
V20 (%) 4.241 0.040
<17.3 9 (36.00) 34 (60.71)
>17.3 16 (64.00) 22 (39.29)

NRP, non-radiation pneumonitis; xz—test, Chi-square test; P value, probability; n, number.

Table 3 Multivariate analysis of radiation pneumonitis occurrence

Factors B SE Wald o OR 95% Cl P value
Radiation dose 0.516 0.338 2.331 1.675 0.516-3.249 0.128
V20 0.418 0.196 4.548 1.519 0.418-2.230 0.034
Apel/Ref-1 0.643 0.323 3.963 1.902 0.643-3.583 0.047
TGF-p1 0.229 0.106 4.667 1.257 1.021-1.548 0.031

Ape1/Ref-1, apurinic/apyrimidinic endonuclease 1/redox factor-1; Cl, confidence interval; OR, odds ratio; TGF-B1, transforming growth
factor B1; SE, standard error; OR, odds ratio; Cl, confidence interval; P value, probability.
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involved in the occurrence and progression of a variety of
malignant tumors (14,15). Ionizing radiation can cause lung
tissue cells to be in a state of intense oxidative stress and
promote the compensatory synthesis of Apel/Ref-1, thereby
regulating the level of cellular oxidative stress transcription
factors (16,17). A previous study suggested that ionizing
radiation can cause the overexpression of Apel/Ref-1, which
can gradually move from the nucleus to the cytoplasm, and
the characteristics of Apel/Ref-1 expression shows first
rising and then falling, and Apel/Ref-1 expression plays
an important role in the occurrence and progression of
RP (18,19). In the present study, we found that the level
of serum Apel/Ref-1 in the RP group was significantly
higher than that in the NRP group, further confirming
that Apel/Ref-1 is related to the occurrence of RP. We
believe that ionizing radiation can increase the formation
of various reactive oxygen species in the body, which puts
the body in a state of oxidative stress, and Apel/Ref-1 can
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Figure 1 Receiver-operating characteristic curve of serum
apurinic/apyrimidinic endonuclease 1/redox factor-1 (Apel/Ref-1),
transforming growth factor p1 (TGF-B1), and the combination of

both for the prediction of radiation pneumonitis occurrence.
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promote the activity of 3'diesterase through the formation
of polymerase 2-hydroxy primers, which in turn reduces the
damage of RP caused by reactive oxygen species, so Apel/
Ref-1 expression level increases after RP occurs (20). In
their study, Guo er al. showed that there was little difference
in serum Apel/Ref-1 levels between the RP group and the
NRP group (8). They found that, although Apel/Ref-1 is
related to the occurrence of lung cancer and RP, further
research was required on whether it can be a predictor of
the occurrence of RP. The occurrence of RP is caused by a
variety of cytokines that participate in complex pathological
processes. Various damage can occur to the target cells, such
as alveolar endothelial cells and type II epithelial cells, due
to the influence of radiation, which then releases a variety of
cytokines to induce various inflammatory reactions, leading
to the activation of macrophages and release of TGF-1.
This further accelerates the transformation of fibroblasts,
promotes fibroblast proliferation, accelerates the synthesis
of the matrix protein, and ultimately leads to pulmonary
interstitial fibrosis (21). The findings of the present study
indicated that the serum TGF-B1 level in the RP group was
significantly higher than that in the NRP group. TGF-p1
plays an important role in the occurrence of RP. It can
induce the expression of the connective tissue growth factor
by mediating collagen transcription and translation, and can
also mediate the phosphorylation process of Smad2/3 and
promote the repair of lung injury caused by radiation (19).
Animal experiments have shown the occurrence of
neovascularization when RP occurs, and TGF-B1 can
regulate the level of vascular endothelial growth factor,
promote the formation of reactive oxygen species, and
regulate oxidative stress in the lungs. The treatment of
RP mice with Cistanche acid can effectively reduce the
inflammation and oxidative stress in the lungs, indicating
that the occurrence of RP is mainly related to the activation
of the TGF-B1/vascular endothelial growth factor signaling
pathway (22). Studies have shown that Apel/Ref-1 is an
important regulator of inflammatory indicators, which

Table 4 Analysis of serum apurinic/apyrimidinic endonuclease 1/redox factor-1 (Apel/Ref-1), transforming growth factor pl (T'GF-1), and the

combination of both in predicting the occurrence of radiation pneumonitis

Indicators Cut-off value AUC Sensitivity Specificity 95% Cl P value
Apel/Ref-1 4.36 ng/mL 0.779 79.6 82.5 0.673-0.885 <0.001
TGF-p1 12.86 ng/mL 0.694 775 724 0.569-0.820 0.005
Combined indicators - 0.842 86.5 80.2 0.753-0.932 <0.001

AUC, area under the curve; Cl, confidence interval; P value, probability.
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regulates the level of inflammatory factors in the body
through multiple transcription factors, such as activator
protein 1 (AP-1), nuclear transcription factor-kappa B (INF-
kB), and amino-terminal fragment (ATF) (23). However, the
correlation analysis in the present study showed that there
is a positive correlation between Apel/Ref-1 and TGF-p1,
indicating that Apel/Ref-1 may regulate the level of body
inflammatory factors, such as TGF-B1, through a certain
transcription factor, but its specific mechanism of action
still needs further research. Finally, the ROC curve showed
that the AUC of serum Apel/Ref-1, TGF-B1, and the
combination of both for the prediction of the occurrence of
RP was 0.779, 0.694, and 0.842, respectively. The combined
use of these indicators to predict the occurrence of RP
is better than a single indicator for the prediction of the
occurrence of RP.

In conclusion, the occurrence of RP in NSCLS patients
is related to abnormalities in Apel/Ref-1 and TGF-p1
levels. Apel/Ref-1 may mediate changes in TGF-B1 levels
through the regulation of related transcription factors, and
the combination of Apel/Ref-1 and TGF-B1 has a superior

predictive value for RP occurrence.
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