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Abstract

Radiotherapy (RT) is a common and effective non-surgical treatment for
thoracic solid tumors, and radiation-induced lung injury (RILI) is the most
common side effect of radiotherapy. Even if RT is effective in the treatment of
cancer patients, severe radiation pneumonitis (RP) or pulmonary fibrosis (PF)
can reduce the quality of life of patients and may even lead to serious conse-
quences of death. Therefore, how to overcome the problem of accurate pre-
diction and early diagnosis of RT for pulmonary toxicity is very important.
This review summarizes the related factors of RILI and the related biomark-
ers for early prediction of RILI.
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1. Introduction

Lung cancer is a tumor that occurs in the epithelium or lung cells of the respira-
tory tract. Lung cancer is basically divided into two main categories based on
pathological type, namely small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC), of which NSCLC accounts for the majority and is subdivided
into squamous, adenocarcinoma and large cell carcinoma types [1]. Because of
the differences between different types and stages of lung cancer, the selected the-
rapeutic measures are also different [2]. And RT has a potential role in all stages
of lung cancer of different types either in controlling progression or in palliative
care [3] [4].

With advances in treatment technology and improvements in radiotherapy,
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the adverse effects of RT have gradually decreased and the therapeutic efficacy
has gradually improved, but RILI is inevitable in sensitive normal lung tissue [5]
[6]. RILI is divided into two stages: acute radiation pneumonitis (RP) and chronic
radiation pulmonary fibrosis (RPF) [7]. While RP occurs early in RT and is poten-
tially curable, PF occurring later is considered irreversibly harmful [8] [9]. Cur-
rent therapeutic techniques are very limited for the widespread occurrence of RF
and there is no clear effective clinical treatment, which would severely affect the
survival time and quality of life of patients [10]. Therefore, determining the early
occurrence of RILI by biomarkers and treating it aggressively is important for

the clinical application of RT.

2. Risk Factors Associated with Radiation-Induced Lung
Injury

Due to patient variability, the specific risk of developing RILI after radiotherapy
for each patient is not known. The factors associated with the development of RILI
can now be broadly classified into patient-related factors (age, gender, smoking;
comorbidities, tumor location, etc.) and treatment factors (total radiation dose,
dose per fraction, irradiated lung volume; chemotherapy; immunotherapy; tar-
geted therapy, etc.) [11] [12].

2.1. Patient Factors

It is clear that older patients are more likely to develop radiation pneumonia
due to reduced pulmonary function (PF) and more comorbidities than young-
er patients. PF parameters such as percent predicted value of first-second force-
ful expiratory volume (FEV1%), forceful spirometry (FVC) and pulmonary
carbon monoxide dispersion (DLCO) have been used as primary measures of
overall lung function. However, there is no consistent evidence to support an
association between PF parameters and RILI. Only lower baseline FEV1% [13],
DLCO% [14] [15], and PaO, [16] are significantly associated with the risk of
RILL

Pre-existing lung disease prior to radiotherapy may also increase the risk of
RILI. Studies have shown that patients with pre-existing interstitial lung disease
(ILD) appear to be more susceptible to acute lung injury after radiotherapy, lead-
ing to an exacerbation of acute ILD [17] [18], which can be quantified by FDG
uptake in the lungs. Lung cancer combined with chronic obstructive pulmonary
disease (LC-COPD) is a common complication. Recent international expert con-
sensus suggests that LC-COPD should treat both lung cancer and COPD, taking
into account their interaction in the treatment and monitoring of adverse reac-
tions [19]. It has long been known that patients with comorbid chronic obstruc-
tive pulmonary disease (COPD) also experience higher pulmonary toxicity than
patients without comorbidities [20] [21]. Therefore, it is very important to eva-
luate and monitor the lung function of LC-COPD patients during radiothera-

py. Before radiotherapy, pulmonary function and emphysema staging should

DOI: 10.4236/jbm.2023.1110020

210 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020

Y.-Y. Chen et al.

be carefully evaluated to identify potential ILD, and the risks and benefits of
radiotherapy should be repeatedly weighed. In addition, multi-parameter models
for prediction [22] and imaging techniques including perfusion imaging, func-
tional imaging, and 4D-CT [23] can be used to guide radiotherapy field settings
and dose limits, which in turn may further reduce radiotherapy-related lung
injury.

And surprisingly, a long history of smoking is a high-risk factor for the preva-
lence and survival of patients with lung cancer [24], but is a protective factor for
RILI. A study by Jin et al showed the highest incidence of RP in patients who
had never smoked (37%) and the lowest incidence in patients who were reported
as smokers at the time of diagnostic condition screening (14%) [25]. However,
this result should not be regarded as encouraging patients to smoke. On the con-
trary, smoking cessation is an effective intervention to prevent tumor progres-
sion and improve survival rate [26]. In response to this result, the current possi-
ble explanations mainly include the reduction of inflammatory response in smoke-
rs [27], the role of glutathione in preventing oxidant-induced lung injury [28]
[29], and the impaired DNA damage repair ability of non-smoking patients with
lung cancer [30], resulting in increased lung toxicity after radiotherapy.

The effect of gender on RILI is currently unknown, but the current study sug-
gests that women are at a slightly higher risk of developing RILI [31], possibly
due to their smaller lung volumes and often combined autoimmune diseases [32]
[33] [34]. The possible explanation for the more sensitive female population men-
tioned by Ronnett et al is that radiation pneumonitis is similar to autoimmune
response and has a greater impact on women, so the likelihood of severe RP in
women is significantly higher than that in men (p = 0.01) [35].

And the current findings indicate that tumor location and tumor size may in-
fluence the risk of developing RILT, while tumor type and tumor stage may not
be important in predicting the risk of RILT. The results suggest that patients
with lower lobe lung cancer have a higher risk of RP [36] and larger tumors are
also important adverse risk factors for RILT. And in recent years, studies have
suggested the relationship between the risk of RP and the regional dose distribu-
tion of lung cancer patients receiving radiotherapy. The results suggest a higher
incidence of RP in apical compared to bottom tumors, about 11% and 40%, re-
spectively [37]. Also, some current studies suggest a higher likelihood of severe
pneumonia in the left lung compared to the right lung during radiotherapy, which
is considered to be related to cardiac exposure during radiotherapy to the left
lung, but at present this idea still needs to be supported by more research evi-
dence [38] [39].

2.2. Treatment Factors

Although the risk of developing radiation-induced pulmonary toxicity remains
unpredictable, it is clear that the likelihood and severity of adverse pulmonary

effects after radiotherapy are closely related to the dosimetric parameters of the
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patient’s radiotherapy [40] [41]. In patients with non-small cell lung cancer
treated with intensity-modulated radiotherapy, an increase in mean lung dose
(MLD) leads to an increase in the area of lung fibrosis [42] [43]. Meanwhile,
other studies have highlighted that lung volume receiving 20 Gy (V20) and 30
Gy (V30), respectively, is the only significant parameter for predicting RP [44]
[45] [46]. And the daily fraction size of radiotherapy is another key parameter in
RILL A fraction > 2.67 Gy increases the risk of RILI compared to a lower daily
fraction [47].

Current studies suggest that for early NSCLC, SBRT has been shown to confer
survival benefits to patients with severe COPD (GOLD 3 - 4) [48]. For patients
with locally advanced NSCLC who are not suitable for surgical treatment or are
not suitable for SBRT, conventional radiotherapy is still considered, intensi-
ty-modulated conformal radiotherapy plus involved field irradiation is performed
on the primary lesion [49], and the radiation dose of the lung is further limited
to V20 < 20% and MLD < 12.3 Gy [50]. In addition, more sophisticated radio-
therapy techniques such as proton and carbon ion radiotherapy [51] [52] may
further reduce pulmonary toxicity and thus help configure the treatment land-
scape of lung cancer.

Numerous studies have now demonstrated that radiotherapy combined with
platinum-containing regimens of chemotherapy increases the incidence of RILI
[34] [35] [53], with a significant survival benefit seen with concurrent radiothe-
rapy compared to sequential radiotherapy for patients with locally advanced
NSCLC, but at the cost of increased radiotherapy toxicity [54] [55]. The use of
radiotherapy combined with targeted therapy or immunotherapy is often consi-
dered for patients with advanced NSCLC who are not responding to chemothe-
rapy, and this also increases the incidence of RILI, which is considered to be re-
lated to the development of interstitial lung disease following the use of targeted
or immunological agents [56] [57] [58]. Therefore, relevant risk factors must be
identified before drug treatment, and the potential occurrence of drug-related
lung injury must be closely monitored. Any new or worsening respiratory symp-
toms were closely observed during treatment, and PS scores were dynamically
assessed. For patients with confirmed or highly suspected RILI, radiotherapy

should be suspended according to the severity of the disease.

3. Biomarkers for Monitoring Radiation-Induced Lung
Injury

3.1. Pro- and Anti-Inflammatory Cytokines

Based on the mechanism of radiation lung injury, pro-inflammatory, pro-fibrotic
and pro-angiogenic cytokines are considered as potential markers of RILI, among
which the three main classes are Tumor Necrosis Factor-a, Interleukins and
Transforming Growth Factor-g1 [59] [60] [61].

TNF-ais a pro-inflammatory cytokine produced by macrophages that trigger

the production of other pro-inflammatory cytokines, growth factors, and acute
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phase proteins. Also, TNF-a is a major trigger of the pro-inflammatory cascade
response, promoting fibroblast growth, ECM protein secretion and collagen de-
position, and activating other pro-inflammatory cytokines (IL-1, IL-6 and IFN)
for cascade responses [62] [63]. The enhanced plasma levels of TNF-a after rad-
iation therapy are now well documented to be associated with early apoptosis
and latent lung function impairment [64] [65] [66]. Despite the correlation be-
tween TNF-a and PR, however, there is still insufficient evidence as to whether
TNF-a can be used as a predictor of RILT.

Interleukins can be synthesized by a variety of cells, including monocytes, al-
veolar macrophages, type II pneumocytes, fibroblasts and T lymphocytes, which
play a crucial role in immune system host defense and tumorigenic processes.
At present, interleukin is considered to be a potential marker of human RILIL
The initial process after lung injury includes acute inflammatory response, im-
mune cell recruitment, and the diffusion and migration of epithelial cells on the
self-secreted temporary matrix. Injuries lead to the release of factors that con-
tribute to the repair mechanism, including IL-1a and IL-6 [67] [68] [69] [70].
Studies have demonstrated the feasibility of applying IL-1a and IL-6 to measure
blood samples to predict RP, where both cytokines had better specificity than
sensitivity, and IL-6 performed better than IL-1a in predicting RP. In another
study with follow-up of 90 patients with non-small cell lung cancer, changes in
IL-6 plasma levels after 2 weeks of radiation therapy were associated with the
occurrence of RP 6 to 8 weeks after the end of radiation therapy was significantly
correlated (p = 0.025) [71]. In addition, studies have shown that naringenin im-
proves radiation-induced lung injury by reducing IL-14 levels, thereby further
verifying the relationship between the interleukin family and RILI [72].

TGEF-p1 is the most critical inflammatory molecule involved in pulmonary fi-
brosis and exerts its pro-fibrotic effects mainly through binding to transmembrane
proteins of serine/threonine kinases and activating several signaling pathways
including ERK/GSK3f/Snail, Smad/Snail, and PI3K/AKT/mTOR axis [73] [74].
At the same time, current studies have demonstrated that TGF- S can further ac-
tivate the ERK signaling pathway to promote EMT in alveolar type II epithelial
cells, thereby exacerbating pulmonary fibrosis [75]. Prior to radiotherapy, elevated
TGF-p1 levels do not represent an increased risk of RP and subsequent fibrosis in
patients; however, persistently high TGF-p1 levels after treatment suggest a much
higher likelihood of radiation-induced inflammation [59] [76]. At present, there is
no clinical consensus on the treatment based on TGF-f1 level. We believe that this
is a problem worthy of further study, but it still needs a lot of work to meet the
publicly recognized standards. In view of the inflammatory response in the acute
phase of RILI, antioxidant therapy including thiol compounds, antioxidant en-

zymes and plant antioxidants has been applied clinically.

3.2. Indicators of Pneumocytes Damage

In addition to inflammatory factors, indicators related to cellular damage are al-
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so closely associated with the development of RILI, such as soluble intercellular
adhesion molecule-1 (SICAM-1), mucin-like glycoprotein antigen KL-6, and pul-
monary surface-active protein A (SP-A) & D (SP-D).

A study by Ishii et al showed significantly higher levels of sSICAM-1 in pa-
tients with RP compared to baseline levels (p < 0.05) [75]. Another trial also
showed that a significant decrease in sSICAM-1 levels was seen after a decrease in
the incidence of RILI [77]. This suggests that SsSCAM-1 may be a useful marker
for early detection of radiation pneumonia.

KL-6 antigen, produced by epithelial cells, particularly AEC II, and released
from these damaged cells after irradiation, makes KL-6 an indicator of intersti-
tial lung disease and acute lung injury. In patients with NSCLC, serum KL-6 le-
vels have been reported to be almost consistent with the occurrence of grade > 2
RP and to decrease after steroid administration [78]. Serum KL-6 levels were
significantly correlated with the severity of pulmonary fibrosis and response to
therapy [79] [80] [81].

SP-A and SP-D are primarily associated with the secretion of lung surface-active
substances, surfactants that reduce surface tension in the alveoli and promote
alveolar expansion, thereby allowing normal gas exchange. Surfactant proteins
stimulate macrophages to produce pro-inflammatory cytokines (TGF- A1, inter-
leukins) and ROS. Radiation-induced degradation of type II pneumocytes leads
to the release of SP-A and SP-D, which leads to the progression of inflammation.
SP-D plays a role in host defense, regulating immune response and lung phos-
pholipid levels [82]. The usefulness of SP-A and SP-D in the early detection of
RP was previously demonstrated by Sasaki et al. [83]. Also, a series of studies
showed that SP-D is a more sensitive marker of pathological changes in the lung
than SP-A [84] [85].

3.3. Genetic Characteristics

Even after taking into account dosimetric, therapeutic, clinical and demographic
factors, late radiotherapy adverse effects show significant differences in inci-
dence and severity across patients, thus considering individual genetic charac-
teristics significantly associated with the development of RILI [86]. Radioge-
nomics has two goals: the first is to identify methods to predict the risk of
radiation damage in patients after radiotherapy, and the second is to investi-
gate the molecular mechanisms of radiation-induced toxicity in normal tis-
sues. Single nucleotide polymorphisms (SNPs) are a current research hotspot,
representing a wealth of sequence combinations and variant types in the hu-
man genome, and are a major source of genetic variation between individuals
[87] [88]. So far, a series of studies have reported a possible correlation be-
tween SNPs and radiosensitivity of clinically normal tissues in patients. This
usually includes genes encoding DNA repair genes and stress response-related
genes [89]. Some of the current RP-related SNPs are summarized in Table 1
below.
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Table 1. SNPs in genes associated with RP.

SNPs Function Conclusions Reference
TOPBP1 rs1051772 DNA repair Decreased risk of RP in NSCLC patients [90]
ATM rs1801516, ATM . . . .
DNA repair Decreased risk of grade > 3 RP in LC patients [91] [92]
rs189037, ATM rs228590
NEIL1 rs4462560, . rs4462560 decreased risk of grade > 2 RP in LC patients,
DNA repair ] . . . [93]
NEILI rs7402844 rs7402844 increased risk of grade > 2 RP in LC patients
LIG4 rs1805388 DNA repair Increased risk of grade > 3 RP in LC patients [94]
Apoptosis, proliferation, . . .
HIPK2 rs2030712 . . Increased risk of grade > 2 RP in LC patients [95]
DNA repair, Inflammation
TGFbetal rs1982073 Inflammation Decreased risk of RP in NSCLC patients [96]
1L4 rs2243250 Inflammation Increased risk of grade > 3 RP in LC patients [97]
ITGB6 rs4665162 Inflammation Increased risk of grade > 2 RP in LC patients [98]
BMP2 rs235768 . . . .
Inflammation Increased risk of grade = 2 RP in LC patients [99]
BMP2 rs1980499
ATG16L2 rs10898880 Autophagy Increased risk of RP in NSCLC patients [100]
PAI-1rs7242 Plasmin system inhibition Increased risk of grade > 3 RP in LC patients (101]

3.4. MicroRNAs

MicroRNAs (miRNAs) are single-stranded, highly conserved small noncoding
RNAs involved in the regulation of gene expression, transcription, translation,
and epigenetic modifications. The role of miRNAs in radiosensitivity and radi-
otoxicity in patients’ response to radiotherapy has been reported [102] [103].
Han et al. showed that exosomal microRNA-26b-5p enhances radiosensitivity of
lung adenocarcinoma cells and may be a potential marker of radiotherapy sensi-
tivity in lung adenocarcinoma [104]. In recent years, it has also been reported
that MiR-18-5p and miR-219a-5p enhance the radiosensitivity of NSCLC cells
by regulating HIF-1a and CD164, respectively [105]. miR-101 acts as a radiosen-
sitizer and its overexpression enhances radiosensitivity by decreasing the levels
of DNA-PKcs and ATM [106].

MiRNAs influence the response to ionizing radiation by participating in regu-
latory mechanisms of the DNA damage response at different levels and through
three different processes: signaling pathways, checkpoints in the cell cycle and spe-
cific repair processes that restore single- or double-strand breaks (SSB, DSB) [107].
It was shown that in the acute phase after radiotherapy, miR-21 inhibits PD-CD4
expression and activates the phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR
signaling pathway.MiR-21 overexpression blocks the pro-inflammatory pathway
of macrophages and reduces the incidence and severity of RILI in patients [108]
[109]. Similarly, miR-140 is a key protective molecule against RILF by blocking
TGF-p1 signaling and inhibiting myofibroblast differentiation and inflammation
[110]. A study by Yin et al suggested that low expression of let-7 leading to
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overexpression of its target gene LIN28 could regulate the proliferative capacity
of NSCLC cells, leading to a let-7/LIN28 dual negative feedback loop disruption,
thereby promoting resistance to RT or cisplatin treatment [111].

Because of its stability in tissues and body fluids and its easy and rapid detec-
tion of expression, microRNA can be considered as an ideal marker to explore
its value for monitoring RILI and thus provide practical guidance for clinical

treatment.

4. Conclusion and Perspectives

Acute inflammation of the lungs or pulmonary fibrosis is unavoidable side ef-
fects after chest radiotherapy, and pulmonary fibrosis is considered an irreversi-
ble pathological process that can lead to dyspnea, impaired lung function or res-
piratory failure, thereby increasing the financial burden on patients and affecting
their long-term quality of survival. Therefore, the use of various markers to moni-
tor RT can significantly benefit patients in terms of better prevention and con-
trol of complications. Although some of the molecular mechanisms, risk factors
and associated markers associated with RILI have been explored in this paper,
there are still no ideal and reliable indicators or risk models to predict the risk of
developing pulmonary toxicity in current clinical practice. It is promising that
more and more prospective or retrospective studies are being conducted to cla-
rify the mechanisms of RILI and that a comprehensive predictive model incor-
porating individualized genetic susceptibility, clinical background parameters and

biological variants will emerge.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Nicholson, A.G., Tsao, M.S., Beasley, M.B., et al (2015) The 2021 WHO Classifica-
tion of Lung Tumors: Impact of Advances Since 2015. Journal of Thoracic Oncolo-
27, 17, 362-387. https://doi.org/10.1016/j.jtho.2021.11.003

[2] Hirsch, E.R., Scagliotti, G.V., Mulshine, J.L., et a/ (2017) Lung Cancer: Current
Therapies and New Targeted Treatments. 7he Lancet, 389, 299-311.
https://doi.org/10.1016/50140-6736(16)30958-8

(3] Allaeys, T., Berzenji, L., Lauwers, P., ef al (2022) Multimodality Treatment Includ-
ing Surgery Related to the Type of N2 Involvement in Locally Advanced Non-Small
Cell Lung Cancer. Cancers (Basel), 14, Article 1656.
https://doi.org/10.3390/cancers14071656

[4] Meng, Y., Luo, W., Xu, H., et al (2021) Adaptive Intensity-Modulated Radiotherapy
with Simultaneous Integrated Boost for Stage III Non-Small Cell Lung Cancer: Is a
Routine Adaptation Beneficial? Radiotherapy & Oncology, 158, 118-124.
https://doi.org/10.1016/j.radonc.2021.02.019

(5] Giuranno, L., Ient, J., De Ruysscher, D., et al (2019) Radiation-Induced Lung Injury
(RILI). Frontiers in Oncology, 9, Article 877.

DOI: 10.4236/jbm.2023.1110020

216 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1016/j.jtho.2021.11.003
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.3390/cancers14071656
https://doi.org/10.1016/j.radonc.2021.02.019

Y.-Y. Chen et al.

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

https://doi.org/10.3389/fonc.2019.00877

Robbins, M.E., Brunso-Bechtold, J.K., Peiffer, A.M., et al (2012) Imaging Radia-
tion-Induced Normal Tissue Injury. Radiation Research, 177, 449-466.
https://doi.org/10.1667/RR2530.1

Jin, H., Yoo, Y., Kim, Y., et al (2020) Radiation-Induced Lung Fibrosis: Preclinical
Animal Models and Therapeutic Strategies. Cancers, 12, Article 1561.
https://doi.org/10.3390/cancers12061561

Kolek, V., Vasakova, M., Sterclova, M., et al (2017) [Radiotherapy of Lung Tu-
mours in Idiopathic Pulmonary Fibrosis]. Klinicka Onkologie Journal, 30, 303-306.
https://doi.org/10.14735/amko2017303

Kong, F.M., Hayman, J.A., Griffith, K.A., et al. (2006) Final Toxicity Results of a
Radiation-Dose Escalation Study in Patients with Non-Small-Cell Lung Cancer
(NSCLQ): Predictors for Radiation Pneumonitis and Fibrosis. International Journal
of Radiation Oncology, Biology, Physics, 65, 1075-1086.
https://doi.org/10.1016/j.ijrobp.2006.01.051

Ueki, N., Matsuo, Y., Togashi, Y., ef al (2015) Impact of Pretreatment Interstitial
Lung Disease on Radiation Pneumonitis and Survival after Stereotactic Body Radia-
tion Therapy for Lung Cancer. Journal of Thoracic Oncology, 10, 116-125.
https://doi.org/10.1097/JT0O.0000000000000359

Rancati, T., Ceresoli, G.L., Gagliardi, G., et al (2003) Factors Predicting Radiation
Pneumonitis in Lung Cancer Patients: A Retrospective Study. Radiotherapy & On-
cology, 67, 275-283. https://doi.org/10.1016/5S0167-8140(03)00119-1

Madani, I., De Ruyck, K., Goeminne, H., et al (2007) Predicting Risk of Radia-
tion-Induced Lung Injury. Journal of Thoracic Oncology, 2, 864-874.
https://doi.org/10.1097/JTO.0b013e318145b2¢c6

Torre-Bouscoulet, L., Arroyo-Hernandez, M., Martinez-Briseno, D., et al. (2018)
Longitudinal Evaluation of Lung Function in Patients with Advanced Non-Small
Cell Lung Cancer Treated with Concurrent Chemoradiation Therapy. International
Journal of Radiation Oncology, Biology, Physics, 101, 910-918.
https://doi.org/10.1016/j.ijrobp.2018.04.014

Chen, S., Zhou, S., Zhang, J., et al. (2007) A Neural Network Model to Predict Lung
Radiation-Induced Pneumonitis. Medical Physics, 34, 3420-3427.
https://doi.org/10.1118/1.2759601

Torre-Bouscoulet, L., Munoz-Montano, W.R., Martinez-Briseno, D., et al. (2018)
Abnormal Pulmonary Function Tests Predict the Development of Radiation-Induced
Pneumonitis in Advanced Non-Small Cell Lung Cancer. Respiratory Research, 19,
Article No. 72. https://doi.org/10.1186/s12931-018-0775-2

Inoue, A., Kunitoh, H., Sekine, L., ef a/ (2001) Radiation Pneumonitis in Lung Can-
cer Patients: A Retrospective Study of Risk Factors and the Long-Term Prognosis.
International Journal of Radiation Oncology, Biology, Physics, 49, 649-655.
https://doi.org/10.1016/S0360-3016(00)00783-5

Sanuki, N., Ono, A., Komatsu, E., ef al (2012) Association of Computed Tomogra-
phy-Detected Pulmonary Interstitial Changes with Severe Radiation Pneumonitis
for Patients Treated with Thoracic Radiotherapy. Journal of Radiation Research, 53,
110-116. https://doi.org/10.1269/jrr.110142

Kimura, T., Togami, T., Takashima, H., et al (2012) Radiation Pneumonitis in Pa-
tients with Lung and Mediastinal Tumours: A Retrospective Study of Risk Factors
Focused on Pulmonary Emphysema. The British Journal of Radiology, 85, 135-141.
https://doi.org/10.1259/bjr/32629867

DOI: 10.4236/jbm.2023.1110020

217 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.3389/fonc.2019.00877
https://doi.org/10.1667/RR2530.1
https://doi.org/10.3390/cancers12061561
https://doi.org/10.14735/amko2017303
https://doi.org/10.1016/j.ijrobp.2006.01.051
https://doi.org/10.1097/JTO.0000000000000359
https://doi.org/10.1016/S0167-8140(03)00119-1
https://doi.org/10.1097/JTO.0b013e318145b2c6
https://doi.org/10.1016/j.ijrobp.2018.04.014
https://doi.org/10.1118/1.2759601
https://doi.org/10.1186/s12931-018-0775-2
https://doi.org/10.1016/S0360-3016(00)00783-5
https://doi.org/10.1269/jrr.110142
https://doi.org/10.1259/bjr/32629867

Y.-Y. Chen et al.

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

Zhou, C., Qin, Y., Zhao, W., et al. (2023) International Expert Consensus on Diag-
nosis and Treatment of Lung Cancer Complicated by Chronic Obstructive Pulmo-
nary Disease. Translational Lung Cancer Research, 12, 1661-1701.
https://doi.org/10.21037/tlcr-23-339

Monson, ].M.,, Stark, P., Reilly, J.]., et al (1998) Clinical Radiation Pneumonitis and
Radiographic Changes after Thoracic Radiation Therapy for Lung Carcinoma. Can-
cer, 82, 842-850.
https://doi.org/10.1002/(SICI)1097-0142(19980301)82:5<842::AID-CNCR7>3.0.CO;
2-L

Moreno, M., Aristu, J., Ramos, L.I., et al. (2007) Predictive Factors for Radia-
tion-Induced Pulmonary Toxicity after Three-Dimensional Conformal Chemoradi-
ation in Locally Advanced Non-Small-Cell Lung Cancer. Clinical and Translational
Oncology, 9, 596-602. https://doi.org/10.1007/s12094-007-0109-1

Zhou, Z., Song, X., Wu, A., et al. (2017) Pulmonary Emphysema Is a Risk Factor for
Radiation Pneumonitis in NSCLC Patients with Squamous Cell Carcinoma after
Thoracic Radiation Therapy. Scientific Reports, 7, Article No. 2748.
https://doi.org/10.1038/s41598-017-02739-4

Bahig, H., Campeau, M.P., Lapointe, A., et al (2017) Phase 1-2 Study of Dual-Energy
Computed Tomography for Assessment of Pulmonary Function in Radiation Therapy

Planning. International Journal of Radiation Oncology, Biology; Physics, 99, 334-343.
https://doi.org/10.1016/j.ijrobp.2017.05.051

Bryant, A. and Cerfolio, R.J. (2007) Differences in Epidemiology, Histology, and
Survival between Cigarette Smokers and Never-Smokers Who Develop Non-Small
Cell Lung Cancer. Chest, 132, 185-192. https://doi.org/10.1378/chest.07-0442

Jin, H., Tucker, S.L., Liu, H.H., ef al (2009) Dose-Volume Thresholds and Smoking
Status for the Risk of Treatment-Related Pneumonitis in Inoperable Non-Small Cell
Lung Cancer Treated with Definitive Radiotherapy. Radiotherapy & Oncology, 91,
427-432. https://doi.org/10.1016/j.radonc.2008.09.009

Caini, S., Del, R M., Vettori, V., et al (2022) Quitting Smoking at or around Diag-
nosis Improves the Overall Survival of Lung Cancer Patients: A Systematic Review
and Meta-Analysis. Journal of Thoracic Oncology, 17, 623-636.
https://doi.org/10.1016/j.jth0.2021.12.005

Bjermer, L., Cai, Y., Nilsson, K., Hellstrom, S. and Henriksson, R. (1993) Tobacco
Smoke Exposure Suppresses Radiation-Induced Inflammation in the Lung: A Study
of Bronchoalveolar Lavage and Ultrastructural Morphology in the Rat. European
Respiratory Journal, 6, 1173-1180. https://doi.org/10.1183/09031936.93.06081173

Laviolette, M., Coulombe, R., Picard, S., et al (1986) Decreased Leukotriene B4
Synthesis in Smokers’ Alveolar Macrophages in Vitro. Journal of Clinical Investiga-
tion, 77, 54-60. https://doi.org/10.1172/JCI112301

Bhattathiri, V.N. (1999) Possible Role of Plasma GSH in Modulating Smoking Re-
lated Radiation Pneumonitis. Radiotherapy and Oncology, 51, 291-292.

Sun, S., Schiller, J.H. and Gazdar, A.F. (2007) Lung Cancer in Never Smokers—A
Different Disease. Nature Reviews Cancer, 7, 778-790.
https://doi.org/10.1038/nrc2190

Andruska, N., Schlaak, R.A., Frei, A., ef al. (2023) Differences in Radiation-Induced

Heart Dysfunction in Male versus Female Rats. International Journal of Radiation
Biology, 99, 1096-1108. https://doi.org/10.1080/09553002.2023.2194404

Das, S.K., Zhou, S., Zhang, J., et al. (2007) Predicting Lung Radiotherapy-Induced
Pneumonitis Using a Model Combining Parametric Lyman Probit with Nonparame-

DOI: 10.4236/jbm.2023.1110020

218 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.21037/tlcr-23-339
https://doi.org/10.1002/(SICI)1097-0142(19980301)82:5%3C842::AID-CNCR7%3E3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-0142(19980301)82:5%3C842::AID-CNCR7%3E3.0.CO;2-L
https://doi.org/10.1007/s12094-007-0109-1
https://doi.org/10.1038/s41598-017-02739-4
https://doi.org/10.1016/j.ijrobp.2017.05.051
https://doi.org/10.1378/chest.07-0442
https://doi.org/10.1016/j.radonc.2008.09.009
https://doi.org/10.1016/j.jtho.2021.12.005
https://doi.org/10.1183/09031936.93.06081173
https://doi.org/10.1172/JCI112301
https://doi.org/10.1038/nrc2190
https://doi.org/10.1080/09553002.2023.2194404

Y.-Y. Chen et al.

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

[44]

tric Decision Trees. International Journal of Radiation Oncology; Biology, Physics,
68, 1212-1221. https://doi.org/10.1016/}.ijrobp.2007.03.064

Ball, D.L., Fisher, R.J., Burmeister, B.H., et al (2013) The Complex Relationship
between Lung Tumor Volume and Survival in Patients with Non-Small Cell Lung

Cancer Treated by Definitive Radiotherapy: A Prospective, Observational Prognos-
tic Factor Study of the Trans-Tasman Radiation Oncology Group (TROG 99.05).
Radiotherapy & Oncology, 106, 305-311.
https://doi.org/10.1016/j.radonc.2012.12.003

Palma, D.A,, Senan, S., Tsujino, K., et al (2013) Predicting Radiation Pneumonitis
after Chemoradiation Therapy for Lung Cancer: An International Individual Patient
Data Meta-Analysis. International Journal of Radiation Oncology, Biology, Phys-
ics, 85, 444-450. https://doi.org/10.1016/j.ijrobp.2012.04.043

Robnett, T.J., Machtay, M., Vines, E.F., et al. (2000) Factors Predicting Severe Radi-
ation Pneumonitis in Patients Receiving Definitive Chemoradiation for Lung Can-

cer. International Journal of Radiation Oncology, Biology, Physics, 48, 89-94.
https://doi.org/10.1016/S0360-3016(00)00648-9

Huang, E.X., Hope, A.J., Lindsay, P.E., ef al (2011) Heart Irradiation as a Risk Fac-
tor for Radiation Pneumonitis. Acta Oncologica, 50, 51-60.
https://doi.org/10.3109/0284186X.2010.521192

Seppenwoolde, Y., De Jaeger, K., Boersma, L.J., et al (2004) Regional Differences in
Lung Radiosensitivity after Radiotherapy for Non-Small-Cell Lung Cancer. Interna-
tional Journal of Radiation Oncology, Biology, Physics, 60, 748-758.
https://doi.org/10.1016/j.ijrobp.2004.04.037

Wijsman, R., Dankers, F., Troost, E., et al (2017) Inclusion of Incidental Radiation
Dose to the Cardiac Atria and Ventricles Does Not Improve the Prediction of Radi-
ation Pneumonitis in Advanced-Stage Non-Small Cell Lung Cancer Patients Treated
with Intensity Modulated Radiation Therapy. International Journal of Radiation On-
cology, Biology, Physics, 99, 434-441. https://doi.org/10.1016/j.ijrobp.2017.04.011

Zhao, J., Yorke, E.D., Li, L., et al (2016) Simple Factors Associated with Radia-
tion-Induced Lung Toxicity after Stereotactic Body Radiation Therapy of the Tho-
rax: A Pooled Analysis of 88 Studies. International Journal of Radiation Oncology,
Biology, Physics, 95, 1357-1366. https://doi.org/10.1016/j.ijrobp.2016.03.024

Rodrigues, G., Lock, M., D’Souza, D., Yu, E. and Van Dyk, ]. (2004) Prediction of
Radiation Pneumonitis by Dose-Volume Histogram Parameters in Lung Cancer—A
Systematic Review. Radiotherapy & Oncology, 71, 127-138.
https://doi.org/10.1016/j.radonc.2004.02.015

Citrin, D., Cotrim, A.P., Hyodo, F., et al. (2010) Radioprotectors and Mitigators of
Radiation-Induced Normal Tissue Injury. Oncologist, 15, 360-371.
https://doi.org/10.1634/theoncologist.2009-S104

Itonaga, T., Sugahara, S., Mikami, R., ef a/ (2021) Evaluation of the Relationship
between the Range of Radiation-Induced Lung Injury on CT Images after IMRT for
Stage I Lung Cancer and Dosimetric Parameters. Annals of Medicine, 53, 267-273.
https://doi.org/10.1080/07853890.2020.1869297

Kwa, S.L., Lebesque, J.V., Theuws, J.C., et al (1998) Radiation Pneumonitis as a
Function of Mean Lung Dose: An Analysis of Pooled Data of 540 Patients. Interna-
tional Journal of Radiation Oncology, Biology, Physics, 42, 1-9.
https://doi.org/10.1016/50360-3016(98)00196-5

Fay, M., Tan, A, Fisher, R., ef al (2005) Dose-Volume Histogram Analysis as Pre-
dictor of Radiation Pneumonitis in Primary Lung Cancer Patients Treated with Ra-

DOI: 10.4236/jbm.2023.1110020

219 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1016/j.ijrobp.2007.03.064
https://doi.org/10.1016/j.radonc.2012.12.003
https://doi.org/10.1016/j.ijrobp.2012.04.043
https://doi.org/10.1016/S0360-3016(00)00648-9
https://doi.org/10.3109/0284186X.2010.521192
https://doi.org/10.1016/j.ijrobp.2004.04.037
https://doi.org/10.1016/j.ijrobp.2017.04.011
https://doi.org/10.1016/j.ijrobp.2016.03.024
https://doi.org/10.1016/j.radonc.2004.02.015
https://doi.org/10.1634/theoncologist.2009-S104
https://doi.org/10.1080/07853890.2020.1869297
https://doi.org/10.1016/S0360-3016(98)00196-5

Y.-Y. Chen et al.

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(57]

diotherapy. International Journal of Radiation Oncology, Biology, Physics, 61,
1355-1363. https://doi.org/10.1016/j.ijrobp.2004.08.025

Wang, D., Shi, ], Liang, S., et al (2013) Dose-Volume Histogram Parameters for
Predicting Radiation Pneumonitis Using Receiver Operating Characteristic Curve.
Clinical and Translational Oncology, 15, 364-369.
https://doi.org/10.1007/s12094-012-0931-y

Zhang, X.J., Sun, J.G., Sun, J., et al (2012) Prediction of Radiation Pneumonitis in
Lung Cancer Patients: A Systematic Review. Journal of Cancer Research and Clini-
cal Oncology; 138, 2103-2116. https://doi.org/10.1007/s00432-012-1284-1

Roach, M.R., Gandara, D.R,, You, H.S., et al (1995) Radiation Pneumonitis Fol-
lowing Combined Modality Therapy for Lung Cancer: Analysis of Prognostic Fac-
tors. Journal of Clinical Oncology, 13, 2606-2612.
https://doi.org/10.1200/JC0O.1995.13.10.2606

Louie, A.V., Rodrigues, G., Hannouf, M., et al. (2011) Withholding Stereotactic
Radiotherapy in Elderly Patients with Stage I Non-Small Cell Lung Cancer and
Co-Existing COPD Is Not Justified: Outcomes of a Markov Model Analysis. Radio-
therapy & Oncology, 99, 161-165. https://doi.org/10.1016/j.radonc.2011.04.005

Morimoto, M., Nishino, K., Wada, K., et al. (2020) Elective Nodal Irradiation for
Non-Small Cell Lung Cancer Complicated with Chronic Obstructive Pulmonary
Disease Affects Immunotherapy after Definitive Chemoradiotherapy. Anticancer Re-
search, 40, 6957-6970. https://doi.org/10.21873/anticanres.14720

Wu, L., Zhao, S., Huang, H., ef al (2022) Treatment Outcomes of Patients with
Stage III Non-Small Cell Lung Cancer and Interstitial Lung Diseases Receiving In-
tensity-Modulated Radiation Therapy: A Single-Center Experience of 85 Cases. Tho-
racic Cancer, 13, 1583-1591. https://doi.org/10.1111/1759-7714.14418

Baumann, B.C., Mitra, N., Harton, J.G., et al (2020) Comparative Effectiveness of
Proton vs Photon Therapy as Part of Concurrent Chemoradiotherapy for Locally
Advanced Cancer. JAMA Oncology, 6, 237-246.
https://doi.org/10.1001/jamaoncol.2019.4889

Karube, M., Yamamoto, N., Nakajima, M., et al (2016) Single-Fraction Carbon-Ion
Radiation Therapy for Patients 80 Years of Age and Older with Stage I Non-Small
Cell Lung Cancer. International Journal of Radiation Oncology, Biology, Physics,
95, 542-548. https://doi.org/10.1016/j.ijrobp.2015.11.034

Vogelius, LR. and Bentzen, S.M. (2012) A Literature-Based Meta-Analysis of Clini-
cal Risk Factors for Development of Radiation Induced Pneumonitis. Acta Oncolo-
gica, 51, 975-983. https://doi.org/10.3109/0284186X.2012.718093

Viani, G.A., Gouveia, A.G. and Moraes, F.Y. (2021) Sequential or Concomitant Che-
motherapy with Hypofractionated Radiotherapy for Locally Advanced Non-Small
Cell Lung Cancer: A Meta-Analysis of Randomized Trials. Journal of Thoracic Dis-
ease, 13, 6272-6282. https://doi.org/10.21037/jtd-21-573

Auperin, A., Le Pechoux, C., Rolland, E., et al (2010) Meta-Analysis of Concomi-
tant versus Sequential Radiochemotherapy in Locally Advanced Non-Small-Cell
Lung Cancer. Journal of Clinical Oncology; 28, 2181-2190.
https://doi.org/10.1200/JCO.2009.26.2543

Chao, Y., Zhou, J., Hsu, S., et al (2022) Risk Factors for Immune Checkpoint Inhi-
bitor-Related Pneumonitis in Non-Small Cell Lung Cancer. Translational Lung Can-
cer Research, 11, 295-306. https://doi.org/10.21037/tlcr-22-72

Ando, M., Okamoto, 1., Yamamoto, N., et al. (2006) Predictive Factors for Intersti-
tial Lung Disease, Antitumor Response, and Survival in Non-Small-Cell Lung Can-

DOI: 10.4236/jbm.2023.1110020

220 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1016/j.ijrobp.2004.08.025
https://doi.org/10.1007/s12094-012-0931-y
https://doi.org/10.1007/s00432-012-1284-1
https://doi.org/10.1200/JCO.1995.13.10.2606
https://doi.org/10.1016/j.radonc.2011.04.005
https://doi.org/10.21873/anticanres.14720
https://doi.org/10.1111/1759-7714.14418
https://doi.org/10.1001/jamaoncol.2019.4889
https://doi.org/10.1016/j.ijrobp.2015.11.034
https://doi.org/10.3109/0284186X.2012.718093
https://doi.org/10.21037/jtd-21-573
https://doi.org/10.1200/JCO.2009.26.2543
https://doi.org/10.21037/tlcr-22-72

Y.-Y. Chen et al.

(58]

(59]

(60]

(61]

[62]

(63]

[64]

(65]

[66]

[67]

(68]

(69]

(70]

(71]

cer Patients Treated with Gefitinib. Journal of Clinical Oncology;, 24, 2549-2556.
https://doi.org/10.1200/JC0O.2005.04.9866

Zhang, A., Yang, F., Gao, L., ef al (2022) Research Progress on Radiotherapy
Combined with Immunotherapy for Associated Pneumonitis during Treatment
of Non-Small Cell Lung Cancer. Cancer Management and Research, 14, 2469-2483.
https://doi.org/10.2147/CMAR.S374648

Kong, F.M., Ao, X., Wang, L., et al. (2008) The Use of Blood Biomarkers to Predict
Radiation Lung Toxicity: A Potential Strategy to Individualize Thoracic Radiation
Therapy. Cancer Control, 15, 140-150.
https://doi.org/10.1177/107327480801500206

Rubin, P., Johnston, C.J., Williams, J.P., ef al (1995) A Perpetual Cascade of Cyto-
kines Postirradiation Leads to Pulmonary Fibrosis. International Journal of Radia-

tion Oncology, Biology, Physics, 33, 99-109.
https://doi.org/10.1016/0360-3016(95)00095-G

Liu, X., Shao, C. and Fu, J. (2021) Promising Biomarkers of Radiation-Induced Lung
Injury: A Review. Biomedicines, 9, Article 1181.
https://doi.org/10.3390/biomedicines9091181

Luo, Y., Pang, Z., Zhu, Q., ef al (2012) Locally Instilled Tumor Necrosis Factor-a
Antisense Oligonucleotide Inhibits Allergic Inflammation via the Induction of Tregs.
The Journal of Gene Medicine, 14, 374-383. https://doi.org/10.1002/jgm.2631

Luo, Y., Wang, M., Pang, Z., et al. (2013) Locally Instilled Tumor Necrosis Factor a
Antisense Oligonucleotide Contributes to Inhibition of TH 2-Driven Pulmonary Fi-
brosis via Induced CD**CD***Foxp** Regulatory T Cells. The Journal of Gene Medi-
cine, 15, 441-452. https://doi.org/10.1002/jgm.2750

Refahi, S., Pourissa, M., Zirak, M.R., et al (2015) Modulation Expression of Tumor
Necrosis Factor a in the Radiation-Induced Lung Injury by Glycyrrhizic Acid. Journal
of Medical Physics, 40, 95-101. https://doi.org/10.4103/0971-6203.158689

Tsoutsou, P.G. and Koukourakis, M.I. (2006) Radiation Pneumonitis and Fibrosis:
Mechanisms Underlying Its Pathogenesis and Implications for Future Research. /n-
ternational Journal of Radiation Oncology, Biology, Physics, 66, 1281-1293.
https://doi.org/10.1016/j.ijrobp.2006.08.058

Zhang, M., Qian, J., Xing, X., et al (2008) Inhibition of the Tumor Necrosis Factor-a
Pathway Is Radioprotective for the Lung. Clinical Cancer Research, 14, 1868-1876.
https://doi.org/10.1158/1078-0432.CCR-07-1894

Hart, J.P., Broadwater, G., Rabbani, Z., et al (2005) Cytokine Profiling for Predic-
tion of Symptomatic Radiation-Induced Lung Injury. International Journal of Radi-

ation Oncology, Biology, Physics, 63, 1448-1454.
https://doi.org/10.1016/j.ijrobp.2005.05.032

Chen, Y., Williams, J., Ding, L., et al (2002) Radiation Pneumonitis and Early Cir-
culatory Cytokine Markers. Seminars in Radiation Oncology, 12, 26-33.
https://doi.org/10.1053/sra0.2002.31360

Chen, Y., Rubin, P., Williams, J., et a/ (2001) Circulating IL-6 as a Predictor of Radia-
tion Pneumonitis. International Journal of Radiation Oncology, Biology, Physics, 49,
641-648. https://doi.org/10.1016/S0360-3016(00)01445-0

Yu, H.H., Chengchuan, K.E., Chang, C.L., ef al (2018) Fucoidan Inhibits Radia-
tion-Induced Pneumonitis and Lung Fibrosis by Reducing Inflammatory Cytokine

Expression in Lung Tissues. Marine Drugs, 16, Article 392.
https://doi.org/10.3390/md16100392

Arpin, D, Perol, D., Blay, ].Y., et al (2005) Early Variations of Circulating Interleu-

DOI: 10.4236/jbm.2023.1110020

221 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1200/JCO.2005.04.9866
https://doi.org/10.2147/CMAR.S374648
https://doi.org/10.1177/107327480801500206
https://doi.org/10.1016/0360-3016(95)00095-G
https://doi.org/10.3390/biomedicines9091181
https://doi.org/10.1002/jgm.2631
https://doi.org/10.1002/jgm.2750
https://doi.org/10.4103/0971-6203.158689
https://doi.org/10.1016/j.ijrobp.2006.08.058
https://doi.org/10.1158/1078-0432.CCR-07-1894
https://doi.org/10.1016/j.ijrobp.2005.05.032
https://doi.org/10.1053/srao.2002.31360
https://doi.org/10.1016/S0360-3016(00)01445-0
https://doi.org/10.3390/md16100392

Y.-Y. Chen et al.

(72]

(73]

(74]

[75]

(76]

(771

(78]

(79]

(80]

(81]

(82]

(83]

(84]

(85]

kin-6 and Interleukin-10 Levels during Thoracic Radiotherapy Are Predictive for
Radiation Pneumonitis. Journal of Clinical Oncology, 23, 8748-8756.
https://doi.org/10.1200/JC0O.2005.01.7145

Zhang, C., Zeng, W., Yao, Y., et al (2018) Naringenin Ameliorates Radiation-Induced
Lung Injury by Lowering IL-1 Level. Journal of Pharmacology and Experimental
Therapeutics, 366, 341-348. https://doi.org/10.1124/jpet.118.248807

Kim, H., Park, S.H., Han, S.Y., et al (2020) LXA,-FPR2 Signaling Regulates Radia-
tion-Induced Pulmonary Fibrosis via Crosstalk with TGF-g/Smad Signaling. Ce//
Death & Disease, 11, Article No. 653. https://doi.org/10.1038/s41419-020-02846-7

Chen, H., Chen, N., Li, F., ef al. (2020) Repeated Radon Exposure Induced Lung In-
jury and Epithelial-Mesenchymal Transition through the PI3K/AKT/mTOR Pathway
in Human Bronchial Epithelial Cells and Mice. Toxicology Letters, 334, 4-13.
https://doi.org/10.1016/j.toxlet.2020.09.008

Ishii, Y. and Kitamura, S. (1999) Soluble Intercellular Adhesion Molecule-1 as an
Early Detection Marker for Radiation Pneumonitis. European Respiratory Journal,
13, 733-738. https://doi.org/10.1034/j.1399-3003.1999.13d06.x

Wang, S., Campbell, J., Stenmark, M.H., et al (2017) Plasma Levels of IL-8 and
TGF-p1 Predict Radiation-Induced Lung Toxicity in Non-Small Cell Lung Cancer:
A Validation Study. International Journal of Radiation Oncology, Biology, Physics,
98, 615-621. https://doi.org/10.1016/j.ijrobp.2017.03.011

Liu, Y., Yu, H., Zhang, C., et al (2008) Protective Effects of Berberine on Radia-
tion-Induced Lung Injury via Intercellular Adhesion Molecular-1 and Transforming
Growth Factor-f-1 in Patients with Lung Cancer. European Journal of Cancer, 44,
2425-2432. https://doi.org/10.1016/j.ejca.2008.07.040

Iwata, H., Shibamoto, Y., Baba, F., et al (2011) Correlation between the Serum KL-6
Level and the Grade of Radiation Pneumonitis after Stereotactic Body Radiotherapy
for Stage I Lung Cancer or Small Lung Metastasis. Radiotherapy & Oncology, 101,
267-270. https://doi.org/10.1016/j.radonc.2011.05.031

Kohno, N., Hamada, H., Fujioka, S., et al (1992) Circulating Antigen KL-6 and
Lactate Dehydrogenase for Monitoring Irradiated Patients with Lung Cancer. Chest,
102, 117-122. https://doi.org/10.1378/chest.102.1.117

Matsuno, Y., Satoh, H., Ishikawa, H., et al (2006) Simultaneous Measurements of
KL-6 and SP-D in Patients Undergoing Thoracic Radiotherapy. Medical Oncology,
23, 75-82. https://doi.org/10.1385/M0:23:1:75

Esteves, F., Cale, S.S., Badura, R., et al. (2015) Diagnosis of Pneumocystis Pneumo-
nia: Evaluation of Four Serologic Biomarkers. Clinical Microbiology and Infection,
21, 371-379. https://doi.org/10.1016/j.cmi.2014.11.025

Munk, H.L., Fakih, D., Christiansen, L., et al (2018) Surfactant Protein-D, a Potential
Mediator of Inflammation in Axial Spondyloarthritis. Rheumatology, 57, 1861-1865.
https://doi.org/10.1093/rheumatology/key187

Sasaki, R., Soejima, T., Matsumoto, A., et al (2001) Clinical Significance of Serum
Pulmonary Surfactant Proteins A and D for the Early Detection of Radiation Pneu-
monitis. International Journal of Radiation Oncology, Biology, Physics, 50, 301-307.
https://doi.org/10.1016/S0360-3016(00)01591-1

Yamazaki, H., Aibe, N., Nakamura, S., et al. (2017) Measurement of Exhaled Nitric
Oxide and Serum Surfactant Protein D Levels for Monitoring Radiation Pneumoni-
tis following Thoracic Radiotherapy. Oncology Letters, 14, 4190-4196.
https://doi.org/10.3892/01.2017.6691

Xu, L., Jiang, J., Li, Y., et al (2019) Genetic Variants of SP-D Confer Susceptibility

DOI: 10.4236/jbm.2023.1110020

222 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1200/JCO.2005.01.7145
https://doi.org/10.1124/jpet.118.248807
https://doi.org/10.1038/s41419-020-02846-7
https://doi.org/10.1016/j.toxlet.2020.09.008
https://doi.org/10.1034/j.1399-3003.1999.13d06.x
https://doi.org/10.1016/j.ijrobp.2017.03.011
https://doi.org/10.1016/j.ejca.2008.07.040
https://doi.org/10.1016/j.radonc.2011.05.031
https://doi.org/10.1378/chest.102.1.117
https://doi.org/10.1385/MO:23:1:75
https://doi.org/10.1016/j.cmi.2014.11.025
https://doi.org/10.1093/rheumatology/key187
https://doi.org/10.1016/S0360-3016(00)01591-1
https://doi.org/10.3892/ol.2017.6691

Y.-Y. Chen et al.

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

(94]

[95]

[96]

(971

(98]

to Radiation Pneumonitis in Lung Cancer Patients Undergoing Thoracic Radiation
Therapy. Cancer Medicine, 8, 2599-2611. https://doi.org/10.1002/cam4.2088

Kerns, S.L., Dorling, L., Fachal, L., et al (2016) Meta-Analysis of Genome Wide
Association Studies Identifies Genetic Markers of Late Toxicity following Radiothe-
rapy for Prostate Cancer. EBioMedicine, 10, 150-163.
https://doi.org/10.1016/j.ebiom.2016.07.022

Rosenstein, B.S. (2017) Radiogenomics: Identification of Genomic Predictors for
Radiation Toxicity. Seminars in Radiation Oncology, 27, 300-309.
https://doi.org/10.1016/j.semradonc.2017.04.005

Kerns, S.L., Ostrer, H. and Rosenstein, B.S. (2014) Radiogenomics: Using Genetics
to Identify Cancer Patients at Risk for Development of Adverse Effects following
Radiotherapy. Cancer Discovery, 4, 155-165.
https://doi.org/10.1158/2159-8290.CD-13-0197

Guo, CX., Wang, J., Huang, L.H., et a/ (2016) Impact of Single-Nucleotide Poly-
morphisms on Radiation Pneumonitis in Cancer Patients. Molecular and Clinical
Oncology, 4, 3-10. https://doi.org/10.3892/mc0.2015.666

Zhao, L., Pu, X., Ye, Y., et al. (2016) Association between Genetic Variants in DNA
Double-Strand Break Repair Pathways and Risk of Radiation Therapy-Induced
Pneumonitis and Esophagitis in Non-Small Cell Lung Cancer. Cancers, 8, Article
23. https://doi.org/10.3390/cancers8020023

Xiong, H., Liao, Z., Liu, Z., et al (2013) ATM Polymorphisms Predict Severe Radia-
tion Pneumonitis in Patients with Non-Small Cell Lung Cancer Treated with Defin-
itive Radiation Therapy. International Journal of Radiation Oncology, Biology, Phys-
ics, 85, 1066-1073. https://doi.org/10.1016/j.ijrobp.2012.09.024

Zhang, L., Yang, M., Bi, N, et al (2010) ATM Polymorphisms Are Associated with
Risk of Radiation-Induced Pneumonitis. International Journal of Radiation Oncol-
ogy, Biology, Physics, 77, 1360-1368. https://doi.org/10.1016/].ijrobp.2009.07.1675

Zheng, Y., Zheng, L., Yu, J., et al (2021) Genetic Variations in DNA Repair Gene
NEILI Associated with Radiation Pneumonitis Risk in Lung Cancer Patients. Mo-
lecular Genetics & Genomic Medicine, 9, €1698. https://doi.org/10.1002/mgg3.1698

Yin, M., Liao, Z., Liu, Z., et al (2012) Genetic Variants of the Nonhomologous end
Joining Gene LIG4 and Severe Radiation Pneumonitis in Nonsmall Cell Lung Can-
cer Patients Treated with Definitive Radiotherapy. Cancer, 118, 528-535.
https://doi.org/10.1002/cncr.26214

Tang, Y., Yang, L., Qin, W., et al (2020) Impact of Genetic Variant of HIPK2 on the
Risk of Severe Radiation Pneumonitis in Lung Cancer Patients Treated with Radia-
tion Therapy. Radiation Oncology, 15, Article No. 9.
https://doi.org/10.1186/s13014-019-1456-0

Yuan, X,, Liao, Z., Liu, Z., et al (2009) Single Nucleotide Polymorphism at rs1982073:
T869C of the TGFB1 Gene Is Associated with the Risk of Radiation Pneumonitis in
Patients with Non-Small-Cell Lung Cancer Treated with Definitive Radiotherapy.
Journal of Clinical Oncology, 27, 3370-3378.
https://doi.org/10.1200/JC0O.2008.20.6763

Tang, Y., Yang, L., Qin, W., et al (2019) Validation Study of the Association between
Genetic Variant of IL4 and Severe Radiation Pneumonitis in Lung Cancer Patients
Treated with Radiation Therapy. Radiotherapy & Oncology; 141, 86-94.
https://doi.org/10.1016/j.radonc.2019.09.002

Yi, M., Tang, Y., Liu, B., ef al (2016) Genetic Variants in the ITGB6 Gene Is Asso-
ciated with the Risk of Radiation Pneumonitis in Lung Cancer Patients Treated with

DOI: 10.4236/jbm.2023.1110020

223 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1002/cam4.2088
https://doi.org/10.1016/j.ebiom.2016.07.022
https://doi.org/10.1016/j.semradonc.2017.04.005
https://doi.org/10.1158/2159-8290.CD-13-0197
https://doi.org/10.3892/mco.2015.666
https://doi.org/10.3390/cancers8020023
https://doi.org/10.1016/j.ijrobp.2012.09.024
https://doi.org/10.1016/j.ijrobp.2009.07.1675
https://doi.org/10.1002/mgg3.1698
https://doi.org/10.1002/cncr.26214
https://doi.org/10.1186/s13014-019-1456-0
https://doi.org/10.1200/JCO.2008.20.6763
https://doi.org/10.1016/j.radonc.2019.09.002

Y.-Y. Chen et al.

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

Thoracic Radiation Therapy. Tumor Biology, 37, 3469-3477.
https://doi.org/10.1007/s13277-015-4171-y

Yang, J., Xu, T., Gomez, D.R., et al. (2017) Polymorphisms in BMP2/BMP4, with
Estimates of Mean Lung Dose, Predict Radiation Pneumonitis among Patients Re-

ceiving Definitive Radiotherapy for Non-Small Cell Lung Cancer. Oncotarget, 8,
43080-43090. https://doi.org/10.18632/oncotarget.17904

Wen, J., Liu, H., Wang, L., et al (2018) Potentially Functional Variants of ATG16L2
Predict Radiation Pneumonitis and Outcomes in Patients with Non-Small Cell Lung

Cancer after Definitive Radiotherapy. Journal of Thoracic Oncology, 13, 660-675.
https://doi.org/10.1016/j.jtho.2018.01.028

Liu, B, Tang, Y., Yi, M., et al (2017) Genetic Variants in the Plasminogen Activator
Inhibitor-1 Gene Are Associated with an Increased Risk of Radiation Pneumonitis
in Lung Cancer Patients. Cancer Medicine, 6, 681-688.
https://doi.org/10.1002/cam4.1011

Czochor, J.R. and Glazer, P.M. (2014) microRNAs in Cancer Cell Response to Io-
nizing Radiation. Antioxidants & Redox Signaling, 21, 293-312.
https://doi.org/10.1089/ars.2013.5718

Metheetrairut, C. and Slack, F.J. (2013) MicroRNAs in the Ionizing Radiation Re-
sponse and in Radiotherapy. Current Opinion in Genetics & Development, 23, 12-19.
https://doi.org/10.1016/j.gde.2013.01.002

Han, F., Huang, D., Huang, X., et al. (2020) Exosomal microRNA-26b-5p Down-
Regulates ATF2 to Enhance Radiosensitivity of Lung Adenocarcinoma Cells. Jour-
nal of Cellular and Molecular Medicine, 24, 7730-7742.
https://doi.org/10.1111/jcmm.15402

Wei, T., Cheng, S., Fu, X.N,, et al (2020) miR-219a-5p Enhances the Radiosensitiv-
ity of Non-Small Cell Lung Cancer Cells through Targeting CD164. Bioscience Re-
ports, 40, BSR20192795. https://doi.org/10.1042/BSR20192795

Chen, S., Wang, H., Ng, W.L., Curran, W.J. and Wang, Y. (2011) Radiosensitizing
Effects of Ectopic miR-101 on Non-Small-Cell Lung Cancer Cells Depend on the
Endogenous miR-101 Level. International Journal of Radiation Oncology, Biology,
Physics, 81, 1524-1529. https://doi.org/10.1016/j.ijrobp.2011.05.031

Cellini, F., Morganti, A.G., Genovesi, D., et al. (2014) Role of microRNA in Re-
sponse to Ionizing Radiations: Evidences and Potential Impact on Clinical Practice
for Radiotherapy. Molecules, 19, 5379-5401.
https://doi.org/10.3390/molecules19045379

Jiang, L.P., He, C.Y. and Zhu, Z.T. (2017) Role of microRNA-21 in Radiosensitivity
in Non-Small Cell Lung Cancer Cells by Targeting PDCD4 Gene. Oncotarget, 8,
23675-23689. https://doi.org/10.18632/oncotarget.15644

Bao, P., Zhao, W., Mou, M., et al (2020) MicroRNA-21 Mediates Bone Marrow
Mesenchymal Stem Cells Protection of Radiation-Induced Lung Injury during the

Acute Phase by Regulating Polarization of Alveolar Macrophages. Translational
Cancer Research, 9, 231-239. https://doi.org/10.21037/tcr.2019.12.77

Duru, N., Zhang, Y., Gernapudi, R., et a/ (2016) Loss of miR-140 Is a Key Risk Factor
for Radiation-Induced Lung Fibrosis through Reprogramming Fibroblasts and Ma-

crophages. Scientific Reports, 6, Article No. 39572.
https://doi.org/10.1038/srep39572

Yin, J., Zhao, J., Hu, W., et al (2017) Disturbance of the let-7/LIN28 Double-Negative
Feedback Loop Is Associated with Radio- and Chemo-Resistance in Non-Small Cell
Lung Cancer. PLOS ONE, 12, e172787.
https://doi.org/10.1371/journal.pone.0172787

DOI: 10.4236/jbm.2023.1110020

224 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1110020
https://doi.org/10.1007/s13277-015-4171-y
https://doi.org/10.18632/oncotarget.17904
https://doi.org/10.1016/j.jtho.2018.01.028
https://doi.org/10.1002/cam4.1011
https://doi.org/10.1089/ars.2013.5718
https://doi.org/10.1016/j.gde.2013.01.002
https://doi.org/10.1111/jcmm.15402
https://doi.org/10.1042/BSR20192795
https://doi.org/10.1016/j.ijrobp.2011.05.031
https://doi.org/10.3390/molecules19045379
https://doi.org/10.18632/oncotarget.15644
https://doi.org/10.21037/tcr.2019.12.77
https://doi.org/10.1038/srep39572
https://doi.org/10.1371/journal.pone.0172787

	Biomarkers Associated with Radiation-Induced Lung Injury in Cancer Patients
	Abstract
	Keywords
	1. Introduction
	2. Risk Factors Associated with Radiation-Induced Lung Injury
	2.1. Patient Factors
	2.2. Treatment Factors

	3. Biomarkers for Monitoring Radiation-Induced Lung Injury
	3.1. Pro- and Anti-Inflammatory Cytokines
	3.2. Indicators of Pneumocytes Damage
	3.3. Genetic Characteristics
	3.4. MicroRNAs

	4. Conclusion and Perspectives
	Conflicts of Interest
	References

