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Abstract

OBJECTIVE: To explore the correlation between dose volume histogram (DVH)
parameters and lung function changes before and after radiotherapy and the
occurrence of radiation-induced lung injury (RILI), and to evaluate its value in
predicting the risk of RILL

METHODS: 120 patients with advanced non-small cell lung cancer diagnosed in
Jiaozhou Central Hospital of Qingdao City in the past three years and received
chest conformal (intensity modulated) radiation therapy were selected. Before
radiotherapy, irradiation of 45-50 Gy, and 1 month after radiotherapy, the patients
were tested for lung function. The evaluation of radiation lung injury was based
on the RTOG acute radiation lung injury classification standard, and the observa-
tion end point was >2 grade RILL

RESULTS: There are 34 patients with >2 grade RILI among all enrolled patients,
including 23 cases of grade 2 and 11 cases of grade 3. The difference between
FVC, FEV1, FEV1 / FVC, DLCO, V5, V10, V15 before radiotherapy, 45-50 Gy,
and 1 month after radiotherapy were statistically significant (P <0.05). The lung
function, V5, V10, and V15 before radiotherapy were related factors for RILI
(P <0.05). And the risk of RILI was 1.855 times that of patients with higher FEV1/
FVC before radiation therapy (OR = 1.855 (1.199-1.946)), patients with V10 >50%
were 3.673 times higher than patients with V10 <50% (OR = 3.673(1.548-7.582)).
CONCLUSIONS: V10=50% and FEV1 / FVC are high-risk factors for RILI before
radiotherapy, which has certain value in predicting the risk of RILI.
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lung cancer accounts for 80% of lung cancer, and the
incidence and mortality are relatively high, which
has aroused widespread concern among clinicians
(Yazgan et al. 2019; Katayama et al. 2019; Thakur et al.
2018). Locally advanced non-small cell lung cancer
refers to stage IIla and IIIb lesions that have not been
found to have distant metastases, accounting for 30%
to 40% of non-small cell lung cancer, of which about
80% cannot be surgically removed (Zhu et al. 2019;
Filippou et al. 2019; Fakhri et al. 2017). Simultaneous
radiotherapy and chemotherapy for non-small cell lung
cancer that is not suitable for surgery has become the
current standard treatment mode (Chatterjee et al.
2017). The emergence of radiation-induced lung injury
(RILI) not only poses a great threat to the patient's prog-
nosis and quality of life, but also hinders the clinical
application of effective radiation dose, which ultimately
leads to the failure of local tumor control (Fountain
et al. 2020; Bousabarah et al. 2019).

Postoperative radiotherapy is a necessary treatment,
but it is easy to cause radiation pneumonia (Alberts
et al. 2020). Volume parameters such as V5, V10, and
V15 are commonly used indicators to predict radia-
tion pneumonitis, but recent studies have found that
the occurrence of radiation pneumonitis is also related
to the lung function before radiotherapy (Uzel et al.
2019; Jassem, 2019). The incidence of chest cancer
treated with radiotherapy and chemotherapy is 40%
to 60% (Gainor et al. 2020; Quan et al. 2018). Due to its
high incidence, insidious onset, delayed onset, and no
targeted treatment, once diagnosed, it is often impos-
sible to reverse the condition. This makes research
simple and easy to predict indicators attract attention,
in order to evaluate the risk of lung injury before and
early treatment. At the same time, effective interven-
tions can be implemented early to prevent or avoid the
occurrence of RILI (Avancini et al. 2020). The occur-
rence of RILI is the result of multiple factors. This study
retrospectively analyzed the occurrence of RILI in 120
patients with locally advanced non-small cell lung
cancer after receiving three-dimensional conformal
radiotherapy to explore related factors affecting the
occurrence of RILI and provide a reference for further
optimizing the 3D-CRT plan for locally advanced non-
small cell lung cancer.

MATERIALS AND METHODS

Recruitment of research objects

A total of 120 patients with advanced non-small cell
lung cancer who had been diagnosed in Jiaozhou
Central Hospital of Qingdao City in the past three years
(2017-2019) and undergoing chest conformal (modu-
lated intensity) radiotherapy were selected. This study
was approved by the Ethics Committee of Jiaozhou
Central Hospital. All patients gave informed written
consent to participate in the study. Before radiotherapy,
irradiation of 45-50 Gy, and 1 month after the end

of radiotherapy, the patients were tested for lung func-
tion, and the ventilation and diffusion function of the
patients were tested using the Japanese CHESTAC-8800
lung function tester. Including forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1),
forced expiratory volume in 1 second and forced vital
capacity ratio (FEV1 / FVC) and carbon monoxide
dispersion (DLCO). DVH parameters include V5, V10,
and V15. The evaluation of radiation lung injury was
based on the RTOG acute radiation lung injury classifi-
cation standard, and the observation end point was >2
grade RILI.

Treatment method

The patient took the supine position, fixed the posi-
tion with a vacuum air cushion, and performed a chest
enhancement scan under the US GEI16 slice spiral
CT simulator. Scanning range: from the level of the
cricothyroid membrane to the lower edge of the costal
diaphragm angle 3cm, both are 5mm layer spacing.
Import the scanned image into the VENUSTPS treat-
ment planning system and perform 3D reconstruction.
The outline of the target area is strictly implemented
in accordance with the relevant provisions of the ICRU
No. 50 and No. 62 report tumors. GTV: CT image
shows the tumor area and enlarged lymph nodes (the
long diameter of lymph nodes > 1cm). CTV: On the
basis of GTV, the vertical direction is expanded by 10
to 15 mm, and the surrounding directions are each
released 5 to 6 mm (squamous cell carcinoma 5 mm,
adenocarcinoma 6 mm). The outline of CTV should be
noted and appropriately modified according to specific
anatomical limits (such as lung tissue, spinal cord,
vertebral body, etc.).

PTV: Based on CTV, all directions are expanded
by 5mm. The VENUS TPS planning system designs
a radiotherapy plan and optimizes the treatment plan
using a dose-volume histogram to ensure that 95%
of the isodose line covers PTV. The limit for organs at
risk is: the exposure dose of 1/3 volume of the heart does
not exceed 50Gy, and the exposure dose of 2/3 volume
does not exceed 45Gy. The maximum dose of spinal
cord irradiation does not exceed 45Gy. According to the
specific situation of the patient, the prescribed radiation
dose is determined to be 50-70Gy, divided dose 200cGy
/ time, 1 time / d, 5 times / week, a total of 5-7 weeks
of radiotherapy is completed. Chest-enhanced CT was
reexamined from radiotherapy to DT30 ~ 40Gy. At the
same time, according to the patient's situation to decide
whether to chemotherapy, more than chemotherapy
before radiotherapy, usually based on platinum-based
chemotherapy.

Determination of lung function and DVH parameters

In this study, patients with abnormal lung function
group means that the measured value / predicted
value of lung function and ventilation function index
is less than 70%, and lung function tests are routinely
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Tab. 1. Comparison of the general characteristics of the two groups
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Variables RILI group (n=34) Non-RILI group (n=86) X2 P
Gender 0.477 0.49
Male 24 55
Female 10 31
Age (yrs) 0.946 0.331
<65 21 61
265 13 25
Pathological type 0.005 0.945
Squamous cell carcinoma 20 50
Adenocarcinoma 14 36
Clinical stage 0.563 0.453
Illa 18 39
b 16 47
Primary tumor location 0.657 0418
Central type 15 45
Peripheral type 19 41
Has a history of smoking 0.119 0.73
Yes 21 56
No 13 30
Tab. 2. Comparison of DVH parameters in different treatment stages
?rief:::rtrt stages DVH parameters  RILI group (n=34) Non-(ﬁl:tl;g)roup t P
V5 (%) 58.87+5.91 46.18+6.75 9.597 <0.001
Before radiation V10 (%) 43.14+6.17 33.57+6.58 7.306 <0.001
V15 (%) 33.76+5.01 25.49+6.88 7.291 <0.001
V5 (%) 57.96+5.39 44.41+5.85 11.669 <0.001
Efﬁ?gig; exposure) V10 (%) 41.9146.19 31.99+5.86 8.195 <0.0071
V15 (%) 33.84+4.61 25.96+4.68 8.349 <0.001
V5 (%) 51.01+£4.09 39.87+5.01 11.516 <0.001
1 month after V10 (%) 34.04+4.91 28.03+4.70 6.241 <0.001
radiation
V15 (%) 26.84+4.31 22.37+4.69 4.801 <0.001

performed within 1 week before radiotherapy. When
FEV1 / FVC <70%, it can be diagnosed as obstructed
airway and restricted airflow in the lungs, that is, chronic
obstructive pulmonary disease. In the study, the dose-
volume histogram in each patient's radiation treatment
plan was read to obtain the dosimetric parameters such
as V5, V10, V20, and V30 required for the study.

Diagnostic criteria for radioactive damage

In the first year after the end of radiotherapy, general
conditions, lung function and chest CT examinations
were performed every 1 month to evaluate the effi-
cacy and the occurrence of RILI. The classification

of radiation injury is strictly based on the classification
standard of acute radiation injury developed by the
American Radiation Oncology Collaborative Group
(RTOG). In this study, patients with RILI who occurred
> 2 grades were included in the occurrence group. The
specific grading standards are as follows, level 1: parox-
ysmal mild cough or shortness of breath during activity.
Level 2: Continuous or repeated coughing, which can
be relieved by treatment with narcotic antitussive drugs,
or shortness of breath and difficulty in breathing after
light activity (forced). Level 3: Use narcotic antitussive
drugs to treat severe cough that cannot be controlled
or relieved, or shortness of breath at rest, or confirmed
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Tab. 3. Comparison of lung function and DVH parameters before
radiotherapy between the two groups

Tab. 4. Comparison of lung function and DVH parameters in
radiotherapy (radiation 45-50 Gy) between the two groups

RILI group Non-RILI RILI group Non-RILI
Parameters (n=34) group X2 P Parameters (n=34) group X2 P
(n=86) (n=86)

FvC 7.749 0.021 FvC 7.557 0.023
<70% 4 3 <70% 4 3
70-80% 15 23 70-80% 14 21
>80% 15 60 >80% 16 62

FEV1 8.532 0.014 FEV1 7.715 0.021
<70% 3 2 <70% 3 2
70-80% 17 25 70-80% 16 24
>80% 14 59 >80% 15 60

FEV1/FVC 37.135 <0.001 FEV1/FVC 32.366 <0.001
<70% 2 5 <70% 2 5
70-80% 26 16 70-80% 24 15
>80% 6 65 >80% 8 66

DLCO 23.546 <0.001 DLCO 18.524 <0.001
<70% 2 11 <70% 2 10
70-80% 24 20 70-80% 21 18
>80% 8 55 >80% 11 58

V5 8.405 0.004 V5 5.549 0.018
<75% 23 77 <75% 24 76
>75% 11 9 >75% 10 10

V10 5.124 0.024 V10 4453 0.035
<50% 21 70 <50% 22 71
>50% 13 16 >50% 12 15

V15 4.028 0.045 V15 6.564 0.01
<25% 25 76 <25% 24 77
225% 9 10 225% 10 9

by imaging examination. Clinically, symptomatic treat- RESULTS

ment such as intermittent oxygen inhalation and corti-
costeroids is needed. Level 4: It has been accompanied
by severe respiratory dysfunction or pulmonary insuf-
ficiency, and clinical symptomatic treatment such as
continuous oxygen inhalation or assisted ventilation is
required.

Statistical analysis

SPSS 23.0 statistical software was used to process the
data. The measurement data is expressed as mean + SD,
using ¢ test. Count data is expressed as a rate (%), using
X2 test. Chi-square test was used for univariate analysis,
and Logistic regression model for multivariate logistic
analysis. Inspection level a = 0.05. P <0.05 indicates that
the difference is statistically significant.

The general characteristics of research objects

In the 120 patients in this study, there were 34 cases
with 22 grade RILI, including 23 cases with grade
2 and 11 cases with grade 3, with an incidence rate
of 28.33%. Nine cases occurred during radiotherapy,
and the remaining 25 cases occurred within 1 month
after radiotherapy. There was no grade 4 RILI in the
whole group. The median age was 57.9 years old (31-76
years old). There were 79 males and 41 females, 70 cases
of squamous cell carcinoma and 50 cases of adenocar-
cinoma, 57 cases in stage IIla and 63 cases in stage
IIIb. The primary tumor location was 60 cases in each
of central type and peripheral type. There were 77 cases
with smoking history. There was no statistical difference
in the comparison of general characteristics between
the RILI-occurring group and the non-occurring RILI
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Tab. 5. Comparison of lung function and DVH parameters 1 month
after the radiotherapy in the two groups

o RILI group Non-RILI ,
arameters (n=34) group X P
(n=86)

FVC 6.126 0.047
<70% 3 3
70-80% 14 20
>80% 17 63

FEV1 7.614 0.022
<70% 2 1
70-80% 16 23
>80% 16 62

FEV1/FVC 24.84 <0.001
<70% 2 3
70-80% 20 13
>80% 12 70

DLCO 13.057 <0.001
<70% 1 6
70-80% 18 17
>80% 15 63

V5 4.896 0.027
<75% 25 77
275% 9 9

V10 4.525 0.033
<50% 23 73
250% 11 13

V15 5.906 0.015
<25% 25 78
225% 9 8

group (P >0.05). The statistical analysis results are
shown in Table 1.

Comparison of lung function and DVH parameters
in different treatment stages

The V5, V10 and V15 of the RILI-occurring group were
higher than those of the corresponding non-occurring
group, and the DVH parameters were statistically
different between the two groups (p <0.05). The statis-
tical analysis results are shown in Table 2.

Sha et al: DVH parameters and lung function changes in RILI

Taking the median of each DVH parameter in patients
with RILI as the cut-off point, the DVH parameters
in this study were grouped accordingly. The analysis
results showed that the incidence of the DVH param-
eter RILI was significantly different among different
groups (p <0.05). The incidence of RILI at different
stages of treatment during before radiotherapy (Table
3), radiotherapy (Table 4) and 1 month after the radio-
therapy (Table 5) in the two groups of subjects was in
V5275% group, V10=50% group, and V15225% group,
FVC <70% group, FEV1 <70% group, FEV1/FVC <70%
group and DLCO <70% group. The differences between
every groups were statistically significant (p <0.05).

Analysis of related influencing factors of RILI in two
groups of patients

The variables with single factor analysis P <0.1 in this
study were included in the multivariate logistic regres-
sion model. The analysis found that the factors closely
related to the occurrence of RILI were FEV1 / FVC and
V10 250% before radiotherapy, and the OR (95% CI)
values were 1.855 and 3.673, respectively. The results
suggest that FEV1 / FVC and V10 250% before radio-
therapy are independent risk factors associated with
RILI. The risk of RILI in patients with higher FEV1 /
FVC before radiotherapy was 1.855 times that of rela-
tively lower patients (OR = 1.855, 95% CI = 1.199-1.946,
P = 0.037). Patients with V10 >50% were 3.673 times
higher than patients with V10 <50% (OR = 3.673, 95%
CI = 1.548-7.582, P = 0.039). The statistical analysis
results are shown in Table 6.

DISCUSSION

At present, the incidence of lung cancer is showing
a rapid upward trend in the world, and the mortality
rate ranks first in malignant tumors in the world
(Nardone et al. 2020; Yu et al. 2019). Lung cancer
has become the first cause of death from malignant
tumors in China, accounting for 22.7% of all malignant
tumor deaths (Zhang et al. 2019; Wang & Ma, 2019).
Synchronous radiotherapy and chemotherapy for non-
small cell lung cancer that is not suitable for surgery
has become the current standard treatment mode, and
RILI is a common complication of lung cancer radio-
therapy (Zheng et al. 2020; Yang et al. 2019). RILI not
only poses a great threat to the patient's prognosis and
quality of life, but also hinders the clinical application
of effective radiation dose (Thrall et al. 2019; MacVittie
et al. 2019). It is one of the dose limiting factors of chest

Tab. 6. Analysis of related influencing factors of RILI in two groups of patients

Variables B Wald OR P 95%CI
FEV1/FVC 0.032 3.794 1.855 0.037 1.199-1.946
V10=50% 1.305 3.102 3.673 0.039 1.548-7.582
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radiotherapy and an important factor affecting the
failure of local tumor control (Izumi et al. 2019).

Radiotherapy is one of the main methods for the
treatment of lung cancer, but due to serious compli-
cations of radiation pneumonitis, the dose of radio-
therapy has decreased and the local recurrence rate
has increased (Yanik et al. 2019). With the emergence
of three-dimensional conformal radiotherapy and
three-dimensional conformal intensity-modulated
radiotherapy, the incidence of radiation pneumonitis
has decreased compared with the previous. However,
the data show that radiation pneumonitis with clinical
symptoms occurred 7% -32%, severe radiation pneumo-
nitis occurred 2.6% -18.0%, and death occurred 0-2%
(S N et al. 2019; Hisakane et al. 2017; Yu et al. 2016).
The occurrence of radiation pneumonitis reduces the
patient's quality of life and even endangers the patient's
life.

There are two manifestations of RILI, divided into
two stages, namely acute radiation pneumonia and
radiation pulmonary fibrosis (Bousabarah et al. 2019;
Beach et al. 2020). Early research believed that these two
stages were a gradual process, that is, radiation pulmo-
nary fibrosis was gradually evolved and developed from
radiation pneumonia (MacVittie et al. 2019). Typical
radiation pneumonia generally occurs during radio-
therapy or 1 to 3 months after radiotherapy. Congestion
and edema of the lung tissue, increased exudation
of alveolar fibrin, and thickening of the lung interstitial.
Its clinical manifestation is almost no different from
that of general pneumonia. Its particularity is that it is
not caused by pathogenic microorganism infection, so
it is often called radiation lung disease. Once diagnosed,
it is often irreversible, and the clinical manifestations
are mainly dry cough, less sputum, chest tightness, and
chest pain (Zanette et al. 2018). Wet rales can be heard
in the lung field where the lesion is occurring, and the
breath sounds are rough. Severe cases will be accom-
panied by varying degrees of dyspnea, low fever, and
normal blood leukocytes, which are not effective after
antibacterial treatment (Ekanayake et al. 2020). The
incidence of radiation-induced pulmonary fibrosis is
more than 6 months after radiotherapy, and the fibrosis
of the alveolar septum is accompanied by atrophy of the
alveoli. Replaced and filled by fibrous connective tissue,
the lung function is severely damaged and eventually
leads to dyspnea and death. The percussion of the
lung field where the lesion occurred showed dullness,
the breathing sound was low or the fine wet rales were
heard.

The results of univariate analysis in this study
showed that lung function before radiotherapy was
associated with RILI. RILI is mostly a latent and hidden
development process. RILI with symptoms occurs in
13% to 37% of patients undergoing chest radiotherapy.
The incidence of RILI in this study is 26%, which is
consistent with it. At present, the research related to the
clinical factors affecting RILI is more controversial.

Some researchers believe that low KPS score (Ao et al.
2009), smoking (Kim et al. 2010), chronic obstructive
pulmonary disease (COPD) (Filippou et al. 2019), lung
function status before radiotherapy (Borst et al. 2005),
lower lung lobe tumors (Chang et al. 2006), and concur-
rent radiotherapy and chemotherapy can increase the
risk of RILIL.

So far, the academic community has not formed
a unified opinion on whether the basic lung function
before radiotherapy is closely related to the occurrence
of radiation pneumonia. Some researchers believe
that before radiotherapy, there is no direct correlation
between basic pulmonary diseases such as COPD and
radiation pneumonia (Filippou et al. 2019). However,
some studies have pointed out that the state of lung
function before radiotherapy is the main factor affecting
the occurrence of RILI, even its independent risk factor
(Hanania et al. 2019). The results of this study showed
that patients with higher FEV1/FVC before radiation
therapy had 1.855 times the risk of RILI than those with
relatively lower patients. The results of the study suggest
that FEV1/FVC is an independent risk factor affecting
the occurrence of RILI before radiotherapy. Vdose (eg
V5, V10, V15) refers to the volume of lung tissue that
is irradiated above a certain dose (5Gy, 10Gy, 15Gy),
as a percentage of the total lung volume. Graham et al.
(1999) research confirmed that V20 is the only inde-
pendent factor that affects the occurrence of RILL Kim
et al (2005) reported that V20, V30, V50 and MLD are
related to the occurrence of RILI. This study also found
that all DVH parameters are involved in the occurrence
of RILI. Among them, multivariate analysis confirmed
that V15 is the only independent factor that affects the
occurrence of RILL. And V15>25% may be an indepen-
dent predictor of dosimetric occurrence of RILL

In conclusion, the plasma levels of cytokines before
and after radiotherapy changed in this study. Among
the cytokines, only FEV1 / FVC and V10>50% before
radiotherapy were found to be independent risk factors
related to RILI. Each DVH parameter in the RILI-
occurring group was higher than that in the corre-
sponding non-occurring group. Among them, V15 was
an independent high-risk factor affecting the occur-
rence of RILI, and V15 > 25% may be an independent
dosimetric predictor of RILIL. Before the end of radio-
therapy, for the susceptible patients with risk factors,
reasonably change or adjust the late radiotherapy plan
to minimize the risk of RILL

ACKNOWLEDGEMENTS
None.

COMPETING INTERESTS
The authors declare that they have no competing
interests.

FUNDING
None.

Copyright © 2021 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



REFERENCES

1

10

N

12

13

14

Akamatsu H, Murakami E, Oyanagi J, Shibaki R, Kaki T, Takase
E, et al. (2020). Immune-Related Adverse Events by Immune
Checkpoint Inhibitors Significantly Predict Durable Efficacy
Even in Responders with Advanced Non-Small Cell Lung
Cancer. Oncologist. 25(4): e679-e683.

Alberts L, Wolff HB, Kastelijn EA, Schramel F, Coupe VMH.
(2020). Patient-reported Outcomes After the Treatment of Early
Stage Non-small-cell Lung Cancer With Stereotactic Body
Radiotherapy Compared With Surgery. Clin Lung Cancer. 21(3):
e231-e232.

Ao X, Zhao L, Davis MA, Lubman DM, Lawrence TS, Kong FM.
(2009). Radiation produces differential changes in cytokine
profiles in radiation lung fibrosis sensitive and resistant mice.
J Hematol Oncol. 2: 6.

Avancini A, Sartori G, Gkountakos A, Casali M, Trestini |, Treg-
nago D, et al. (2020). Physical Activity and Exercise in Lung
Cancer Care: Will Promises Be Fulfilled? Oncologist. 25(3):
e555-e569.

Beach TA, Groves AM, Williams JP, Finkelstein JN. (2020). Model-
ing radiation-induced lung injury: lessons learned from whole
thorax irradiation. Int J Radiat Biol. 96(1): 129-44.

Borst GR, De Jaeger K, Belderbos JS, Burgers SA, Lebesque JV.
(2005). Pulmonary function changes after radiotherapy in non-
small-cell lung cancer patients with long-term disease-free
survival. Int J Radiat Oncol Biol Phys. 62(3): 639-44.
Bousabarah K, Temming S, Hoevels M, Borggrefe J, Baus WW,
Ruess D, et al. (2019). Radiomic analysis of planning computed
tomograms for predicting radiation-induced lung injury and
outcome in lung cancer patients treated with robotic stereo-
tactic body radiation therapy. Radiomics-Analyse von Pla-
nungs-Computertomogrammen zur Vorhersage von strahlen-
induzierter Lungenschadigung und onkologischem Ergebnis
bei Lungenkrebspatienten nach robotischer stereotaktischer
Strahlentherapie. Strahlenther Onkol. 195(9): 830-42.

Carter BW, Erasmus JJ. Current Concepts in the Diagnosis and
Staging of Lung Cancer. In: Diseases of the Chest, Breast, Heart
and Vessels 2019-2022: Diagnostic and Interventional Imaging.
edn. Edited by Hodler J, Kubik-Huch RA, von Schulthess GK.
Cham (CH) 2019. p. 79-93.

Chang DT, Olivier KR, Morris CG, Liu C, Dempsey JF, Benda RK,
et al. (2006). The impact of heterogeneity correction on dosi-
metric parameters that predict for radiation pneumonitis. Int
JRadiat Oncol Biol Phys. 65(1): 125-31.

Chatterjee K, Bhowmik R, Chattopadhyay B. (2017). Regional
reporting of the incidence of Anaplastic Lymphoma Kinase
mutation in 379 non-small-cell lung cancer patients from Kol-
kata: Using immunohistochemistry as the diagnostic modality
in a significant subset. South Asian J Cancer. 6(4): 169-70.
Ekanayake A, Madegedara D, Chandrasekharan V, Magana-
Arachchi D. (2020). Respiratory Bacterial Microbiota and Indi-
vidual Bacterial Variability in Lung Cancer and Bronchiectasis
Patients. Indian J Microbiol. 60(2): 196-205.

Fakhri G, Akel R, Salem Z, Tawil A, Tfayli A. (2017). Pulmonary
Sarcoidosis Activation following Neoadjuvant Pembrolizumab
plus Chemotherapy Combination Therapy in a Patient with
Non-Small Cell Lung Cancer: A Case Report. Case Rep Oncol.
10(3): 1070-5.

Filippou D, Kleontas A, Tentzeris V, Emmanouilides C, Tryfon
S, Baka S, et al. (2019). Extended resections for the treatment
of patients with T4 stage IlIA non-small cell lung cancer (NSCLC)
(TANO-1M0) with or without cardiopulmonary bypass: a 15-year
two-center experience. J Thorac Dis. 11(12): 5489-501.
Fountain MD, McLellan LA, Smith NL, Loughery BF, Rakowski
JT, Tse HY, et al. (2020). Isoflavone-mediated radioprotection
involves regulation of early endothelial cell death and inflam-
matory signaling in Radiation-Induced lung injury. Int J Radiat
Biol. 96(2): 245-56.

20

21

22

23

24

25

26

27

28

29

30

31

Sha et al: DVH parameters and lung function changes in RILI

Gainor JF, Rizvi H, Jimenez Aguilar E, Skoulidis F, Yeap BY,
Naidoo J, et al. (2020). Clinical activity of programmed cell
death 1 (PD-1) blockade in never, light, and heavy smokers
with non-small-cell lung cancer and PD-L1 expression >/=50.
Ann Oncol. 31(3): 404-11.

Graham MV, Purdy JA, Emami B, Harms W, Bosch W, Lockett
MA, et al. (1999). Clinical dose-volume histogram analysis for
pneumonitis after 3D treatment for non-small cell lung cancer
(NSCLQ). Int J Radiat Oncol Biol Phys. 45(2): 323-9.

Hanania AN, Mainwaring W, Ghebre YT, Hanania NA, Ludwig M.
(2019). Radiation-Induced Lung Injury: Assessment and Man-
agement. Chest. 156(1): 150-62.

Haratani K, Takeda M, Nakagawa K. (2019). A first attempt
to establish a definition of oligometastatic non-small cell lung
cancer by a European consensus group. J Thorac Dis. 11(12):
5635-42.

Hisakane K, Yoh K, Nakamura N, Udagawa H, Kirita K, Umemura
S, et al. (2017). Salvage chemoradiotherapy with cisplatin and
vinorelbine for postoperative locoregional recurrence of non-
small cell lung cancer. Medicine. 96(47): e8635.

Izumi Y, Nakashima T, Masuda T, Shioya S, Fukuhara K, Yamagu-
chi K, et al. (2019). Suplatast tosilate reduces radiation-induced
lung injury in mice through suppression of oxidative stress.
Free Radic Biol Med. 136: 52-9.

Jassem J. (2019). Adjuvant EGFR tyrosine kinase inhibitors in
EGFR-mutant non-small cell lung cancer: still an investigational
approach. Transl Lung Cancer Res. 8(Suppl 4): $387-5390.
Katayama Y, Yamada T, Shimamoto T, lwasaku M, Kaneko Y,
Uchino J, et al. (2019). The role of the gut microbiome on
the efficacy of immune checkpoint inhibitors in Japanese
responder patients with advanced non-small cell lung cancer.
Transl Lung Cancer Res. 8(6): 847-53.

Kim DR, Laurence B, Jan VM, Wilfried de N, Hubert T. (2010).
Association of TGFbetal polymorphisms involved in radia-
tion toxicity with TGFbetal secretion in vitro. Cytokine. 50(1):
37-41.

Kim TH, Cho KH, Pyo HR, Lee JS, Zo JI, Lee DH, et al. (2005).
Dose-volumetric parameters for predicting severe radiation
pneumonitis after three-dimensional conformal radiation
therapy for lung cancer. Radiology. 235(1): 208-15.

MacVittie TJ, Farese AM, Parker GA, Jackson W 3rd. (2019). The
Time Course of Radiation-induced Lung Injury in a Nonhu-
man Primate Model of Partial-body Irradiation With Minimal
Bone Marrow Sparing: Clinical and Radiographic Evidence and
the Effect of Neupogen Administration. Health Phys. 116(3):
366-82.

Masraksa W, Tanasawet S, Hutamekalin P, Wongtawatchai T,
Sukketsiri W. (2020). Luteolin attenuates migration and inva-
sion of lung cancer cells via suppressing focal adhesion kinase
and non-receptor tyrosine kinase signaling pathway. Nutr Res
Pract. 14(2): 127-33.

Nardone V, Tini P, Pastina P, Botta C, Reginelli A, Carbone SF,
et al. (2020). Radiomics predicts survival of patients with
advanced non-small cell lung cancer undergoing PD-1 block-
ade using Nivolumab. Oncol Lett. 19(2): 1559-66.

Pacheco JM, Moghanaki D. (2019). Local consolidative therapy
for oligometastatic patients with stage IV non-small cell lung
cancer may improve survival, but unanswered questions
remain. Trans| Lung Cancer Res. 8(Suppl 4): S407-S411.

Quan X, Gao H, Wang Z, Li J, Zhao W, Liang W, et al. (2018).
Epidermal growth factor receptor somatic mutation analysis
in 354 Chinese patients with non-small cell lung cancer. Oncol
Lett. 15(2): 2131-8.

S N SG, Raviraj R, Nagarajan D, Zhao W. (2019). Radiation-
induced lung injury: impact on macrophage dysregulation and
lipid alteration - a review. Immunopharmacol Immunotoxicol.
41(3): 370-9.

Thakur C, Rapp UR, Rudel T. (2018). Cysts mark the early stage
of metastatic tumor development in non-small cell lung cancer.
Oncotarget. 9(5): 6518-35.

Neuroendocrinology Letters Vol.42 No.5 2021 « Article available online: www.nel.edu

303



304

Sha et al: DVH parameters and lung function changes in RILI

32

33

34

35

36

37

Thrall KD, Mahendra S, Jackson MK, Jackson W 3rd, Farese AM,
MacVittie TJ. (2019). A Comparative Dose-response Relation-
ship Between Sexes for Mortality and Morbidity of Radiation-
induced Lung Injury in the Rhesus Macaque. Health Phys.
116(3): 354-65.

Uzel EK, Figen M, Uzel O. (2019). Radiotherapy in Lung Cancer:
Current and Future Role. Sisli Etfal Hastan Tip Bul. 53(4): 353-60.
Wang M, Ma X. (2019). Texture analysis in contrast enhanced
CT: New method to predict prognosis of small cell lung cancer
treated with platinum-based chemotherapy. Ann Oncol.
30 Suppl 1:i10.

Yang X, Wang X, Wang N, Jiang W, Li Y, Yin B. (2019). A study on
the efficacy of recombinant human endostatin combined with
chemotherapy intreating advanced non-small-cell lung cancer.
JBUON. 24(6): 2260-6.

Yanik F, Karamustafaoglu YA, Yoruk Y. (2019). Esophageal self-
expandable metal stent placement for the palliation of dyspha-
gia due to lung cancer. Turk Gogus Kalp Damar Cerrahisi Derg.
27(1): 88-92.

Yazgan S, Gursoy S, Ucvet A, Yagci T, Unal M, Samancilar O, et al.
(2019). Long-term results of sleeve lobectomy with continuous
suture technique in non-small cell lung cancer. Turk Gogus Kalp
Damar Cerrahisi Derg. 27(1): 93-100.

38

39

40

41

42

43

Yu J, Yuan X, Liu Y, Zhang K, Wang J, Zhang H, et al. (2016).
Delayed Administration of WP1066, an STAT3 Inhibitor, Ame-
liorates Radiation-Induced Lung Injury in Mice. Lung. 194(1):
67-74.

YuS,YiM, XuL, QinS, Li A, Wu K. (2019). CXCL1 as an Unfavor-
able Prognosis Factor Negatively Regulated by DACH1 in Non-
small Cell Lung Cancer. Front Oncol. 9: 1515.

Zanette B, Stirrat E, Jelveh S, Hope A, Santyr G. (2018). Physi-
ological gas exchange mapping of hyperpolarized (129) Xe
using spiral-IDEAL and MOXE in a model of regional radiation-
induced lung injury. Med Phys. 45(2): 803-16.

Zhang C, Wang L, Li W, Huang Z, Liu W, Bao P, et al. (2019). Sur-
gical outcomes of stage IV non-small cell lung cancer: a single-
center experience. J Thorac Dis. 11(12): 5463-73.

Zheng R, Shen Q, Mardekian S, Solomides C, Wang ZX, Evans NR
3rd. (2020). Molecular profiling of key driver genes improves
staging accuracy in multifocal non-small cell lung cancer.
JThorac Cardiovasc Surg. 160(2): e71-e79.

Zhu Y, Fu L, Jing W, Kong L, Yu J. (2019). Radiotherapy for
patients with completely resected pathologic IA(N2) non-
small-cell lung cancer: a retrospective analysis. Cancer Manag
Res. 11: 10901-8.

Copyright © 2021 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



