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Abstract

Objective: Patients with lung cancer are at risk of radiation pneumonia (RP) after receiving radiotherapy. We established a
prediction model according to the critical indicators extracted from radiation pneumonia patients.

Materials and Methods: 74 radiation pneumonia patients were involved in the training set. Firstly, the clinical data, hemato-
logical and radiation dose parameters of the 74 patients were screened by Logistics regression univariate analysis according to the
level of radiation pneumonia. Next, Stepwise regression analysis was utilized to construct the regression model. Then, the
influence of continuous variables on RP was tested by smoothing function. Finally, the model was externally verified by 30 patients
in validation set and visualized by R code.

Results: In the training set, there was 40 patients suffered> level 2 acute radiation pneumonia. Clinical data (diabetes), blood
indexes (lymphocyte percentage, basophil percentage, platelet count) and radiation dose (VI5 > 40%, V20 > 30%, V35 >18%,
V40 > |5%) were related to radiation pneumonia (P < 0.05). Particularly, stepwise regression analysis indicated that the history of
diabetes, the basophils percentage, platelet count and V20 could be the best combination used for predicting radiation pneumonia.
The column chart was obtained by fitting the regression model with the combined indicator. The receiver operating characteristic
(ROC) curve showed that the AUC in the development term was 0.853, the AUC was 0.656 in the validation term. And cali-
bration curves of both groups showed the high stability in efficiently diagnostic. Furthermore, the DCA curve showed that the
model had a satisfactory positive net benefit.

Conclusion: The combination of the basophils percentage, platelet count and V20 is available to build a predictive model of
radiation pneumonia for patients with advanced lung cancer.

Keywords
lung cancer, radiation pneumonia, prediction model, basophilic granulocytes, platelet

Received February 3, 2021. Received revised April 20, 2021. Accepted for publication May 30, 2021.

! School of Medicine, Anhui University of Science and Technology, Huainan, People’s Republic of China

2 Anhui Province Engineering Laboratory of Occupational Health and Safety, Anhui University of Science and Technology, Huainan, People’s Republic of China
3 Affiliated Cancer Hospital, Anhui University of Science and Technology, Huainan, People’s Republic of China

*#School of Pharmacy, Pharmaceutical University, Nanjing, China

Corresponding Authors:

Wau Jing, Ding Xuansheng, and Hu Dong, Chongren Building, No 168, Taifeng St, Huainan 232001, People’s Republic of China.
Emails: wujing8008@ 126.com; 1020030749@cpu.edu.cn; austhudong@ 126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://orcid.org/0000-0002-8995-4729
https://orcid.org/0000-0002-8995-4729
mailto:wujing8008@126.com
mailto:austhudong@126.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/10732748211026671
http://journals.sagepub.com/home/ccx
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Cancer Control

Introduction

According to the latest statistics, the morbidity and mortality of
lung cancer rank first among malignant tumors,' which seri-
ously affects the living standards of residents. With the wide
application of radiotherapy, radiotherapy technology has
become 1 of the main treatments for patients with stage Il and
IV lung cancer who are unable to undergo surgery or unwilling
to undergo surgery. It is reported that after receiving chest radio-
therapy, patients have a probability of radiation pneumonia of
15% ~ 40%,? among which the incidence of severe pneumonia
is 10%~20%, and the mortality rate is high to 50%. Even
asymptomatic pneumonia will cause the decline of lung reserve
function.” Early studies suggested that MLD, lung V20 and lung
V30 were the related factors of radiation-induced lung injury.*>

3D-CRT or IMRT has successfully reduced the radiation
dose to normal lung tissue, but it still cannot completely avoid
radiation pneumonia.6 Therefore, besides dosimetry, there are
other factors that affect the occurrence of radiation pneumonia.
How to find effective measures to prevent and treat radiation
pneumonia on the basis of 3D-CRT or IMRT is 1 of the important
parts that must be considered in radiotherapy of lung cancer.
Many studies have focused on the correlation between radiation
pneumonitis and voxel level, basic diseases, cytokines, tumor
factors, lung function and treatment,”> which provides many
valuable indicators for the occurrence of radiation pneumonia.

At present, it is considered that the occurrence of radiation
pneumonitis is a complex process of interaction, mutual influ-
ence and joint regulation by many factors, such as clinical
factors and dosimetry factors,'* so it is particularly important
to find sensitive indicators or models that can predict the occur-
rence of radiation pneumonia. However, there are few reports
about using some simple and easy-to-get information to predict
radiation pneumonia. Therefore, by collecting clinical informa-
tion, hematological indexes and radiation dose parameters that
may be related to radiation pneumonia, this study retrospec-
tively analyzed multiple groups of data of 104 patients with
stage III and IV radiation pneumonia, trying to find out the
factors that affect the occurrence of radiation pneumonia,
establish a mathematical prediction model, provide reference
indexes for clinic, optimize radiotherapy plan and help prevent
radiation pneumonia in clinical radiotherapy.

Materials and Methods

Data Collection

Lung cancer patients who received radiation therapy from Jan-
uary 2016 to June 2020 in the radiotherapy department of
Oriental Cancer Hospital affiliated to Anhui University of Sci-
ence and Technology were retrospective studied as a develop-
ment term, and lung cancer patients who received radiation
therapy from January 2019 to June 2020 in the radiotherapy
department of the First People’s Hospital affiliated to Anhui
University of Science and Technology were retrospective stud-
ied as a validation term. Enrollment criteria: (1) patients was
confirmed by pathology as lung cancer in stage III or IV;

Table |. Description of the Crowd.

Development term Validation term

N-RP RP N-RP RP

Sex

Female Il (32.4%) 12 (30.0%) 6 (31.6%) 4 (36.4%)

Male 23 (67.6%) 28 (70.0%) 13 (68.4%) 7 (63.6%)
Age

<65 17 (50.0%) 19 (47.5%) 11 (57.9%) 5 (45.5%)

>65 17 (50.0%) 21 (52.5%) 8 (42.1%) 6 (54.5%)
Smoke

No 14 (41.2%) 17 (42.5%) 6 (31.6%) 4 (36.4%)

Yes 20 (58.8%) 23 (57.5%) 13 (68.4%) 7 (63.6%)
PS

0-1 18 (52.9%) 18 (45.0%) 5 (26.3%) 4 (36.4%)

2-3 16 (47.1%) 22 (55.0%) 14 (73.7%) 7 (63.6%)
COPD

No 12 (35.3%) 15 (37.5%) 7 (36.8%) 6 (54.5%)

Yes 22 (64.7%) 25 (62.5%) 12 (63.2%) 5 (45.5%)
Site

Around 22 (64.7%) 30 (75.0%) 12 (63.2%) 6 (54.5%)

Center 12 (35.3%) 10 (25.0%) 7 (36.8%) 5 (45.5%)
Stage

3 17 (50.0%) 22 (55.0%) 10 (52.6%) 6 (54.5%)

4 17 (50.0%) 18 (45.0%) 9 (47.4%) 5 (45.5%)
Type

Luad 16 (47.1%) 19 (47.5%) 8 (42.1%) 3 (27.3%)

Lusc 11 (32.4%) 12 (30.0%) 4 (21.1%) 3 (27.3%)

Sclc 6 (17.6%) 8 (20.0%) 7 (36.8%) 5 (45.5%)

Other? 1 (2.9%) I (2.5%)
Diabetes

No 30 (88.2%) 27 (67.5%) 15 (78.9%) 6 (54.5%)

Yes 4 (11.8%) 13 (32.5%) 4 (21.1%) 5 (45.5%)

Abbreviation: RP, Radiation pneumonia.
*Other: large cell lung cancer.

(2) and received a chest radiation therapy; (3) and diagnosed
as > 2 radiation pneumonia in regular or follow-up. Exclusion
criteria: (1) patient had lung cancer surgery history; (2) or was
non-first-time diagnosis of lung cancer for radiation therapy;
(3) or has incomplete parameters of the 3D-CRT or IMRT;
(4) or the interval between chemotherapy and radiotherapy is
less than 14 days. According to the inclusion and exclusion
criteria, a total of 74 patients, 51 male and 23 female with the
average age of 68 years old (39-88y), was selected in the devel-
opment term, including, of which 35 cases of lung adenocarci-
noma, 23 cases of lung squamous cell carcinoma, 14 cases of
small cell lung cancer and 2 cases of sarcoma-like cancer.
A total of 30 patients (20 male and 10 female) with the average
age of 64 years old (34-83 y), was selected in the verification
term, including 11 cases of lung adenocarcinoma, 7 cases of
lung squamous cell carcinoma and 12 cases of small cell lung
cancer. Detail information can be seen in Table 1.

Diagnostic Criteria

All patients were followed up for 6 months, CT scan was reex-
amined 1, 3, and 6 months after radiotherapy to evaluate the
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effect of tumor control and pulmonary changes. Based on the
clinical symptoms and imaging data, radiation pneumonia was
diagnosed and graded according to the common adverse reac-
tion event evaluation criteria (CTCAE,5.0). Level 1: Asympto-
matic, only clinical or imaging changes, no need for treatment;
Level 2: mild symptoms, limited instrumental daily activities,
need medication; Level 3: Severe symptoms, limited individual
daily activities, need oxygen; Level 4: Life-threatening respira-
tory symptoms, requiring urgent treatment; Level 5: Causing
the death of the patient.

Collection of Relevant Indicators

1. Clinical general characteristics: age, sex, smoking his-
tory, physical status score (PS), chronic obstructive pul-
monary disease (COPD), tumor location, tumor
pathology type, tumor stage, tumor type, and diabetes
history.

2. Hematological indexes: white blood cell count and its
classification count (number and percentage of Neutro-
phils, lymphocytes, monocytes, eosinophils, and baso-
philic granulocytes), red blood cell count (red blood cell
volume, average red blood cell volume, standard devia-
tion of red blood cell distribution width, variation of red
blood cell distribution width), hemoglobin count deter-
mination (average hemoglobin content, average hemo-
globin concentration), and platelet count (average
platelet volume, platelet volume distribution width).

3. Radiation dosimetry parameters: Observation parameters
include percentage of lung volume irradiated by bilateral
lung reception greater than 5, 10, 15, 20, 25, 30, 35, 40 Gy
doses (V5, V10, V15, V20, V25, V30, V35, and V40),
mean lung dose (MLD), Gross Tumor Volume (GTV).

Treatment Regimen

The energy selected was 6MV-X Varian L-2100C linear accel-
erator. The 3D-CRT or IMRT radiotherapy was adopted, and
the isocenter multi-field coplanar irradiation technology was
adopted. SAD = 100 cm, the prescription dose was 40-70 Gy,
and the single radiotherapy dose was 1.8Gy-2.0 Gy, 1F/D, and
5 f/w. The radiotherapy plan was evaluated and reviewed by
2 tumor radiotherapy physicians with rich clinical experience.
The final radiotherapy plan ensured that > 95% of the corre-
sponding target prescription dose covered more than 95% of
the target volume. Normal tissue dose limits: normal bilateral
lung tissue dose limits V5 < 60%, V20 < 30%, V30 < 20%,
cardiac dose limits V30 < 40%, V40 < 30%; Spinal cord dose
limit Vmax < 45 Gy.

Statistical Methods

Logistics regression was applied for single factor analysis,
wherein the dependent variable (with or without radiation
pneumonia) was dichotomous variables: without radiation
pneumonia was assigned 0, and with radiation pneumonia was
assigned 1; the dichotomous variable in independent variable

was assigned 0 and 1, and the continuous variables use their
clinical standard units, such as: 10°/L (WBC, NEU, LYM,
MON, PLT), g/L (HGB, MCHC) or percentage (basophils per-
centage, eosinophil percentage, lymphocyte percentage). The
results of single factor analysis were used in stepwise regres-
sion analysis and fitted to calculate variance expansion factor
for preventing of collinearity. R language was utilized for
visualization of the chart, ROC curve, and calibration curve.
Decision curve analysis was employed to evaluate the differ-
entiation, accuracy and practicality of the mode. The ethical
statement: Our study was approved by The Biomedical
Research Ethics Committee of AUST (Xiaolunzike 20190116).

Results

A total of 104 patients with lung cancer were divided into
development term (n = 74) and verification term (n = 30).
In the development term, there were 51 male patients and
23 female patients, of which 52 received radiotherapy and
22 received radiotherapy alone. In the verification term, there
were 20 male patients and 10 female patients, of which
21 received radiotherapy and 9 received radiotherapy alone.
In the development term, 40 patients (54%) developed grade
2 or above radiation pneumonia, including 23 cases of grade 2,
12 cases of grade 3, and 5 cases of grade 4. In the verification
term, 11 patients (36.7%) developed grade 2 or above radiation
pneumonia in 6 cases of grade 2, 4 cases of grade 3, and 1 case
of grade 4. There were 3 cases of grade 4, 3 cases of grade 4 and
2 cases of grade 5. These events are often observed within 1 to
3 months after radiation.

Univariate Analysis of Related Factors in Diagnosis of
Radiation Pneumonia

Table 2 showed that univariate analysis results of clinical fac-
tors suggest a correlation between the history of diabetes
(P = 0.042) and the radiation pneumonia. Table 3 showed that
univariate analysis results of hematological indexes suggest
that lymphocyte count (LYM: P = 0.044), basophilic percent-
age (BAS%: P = 0.006) and platelet count (PLT: P = 0.016)
are related to radiation pneumonia. Table 4 showed that uni-
variate analysis results of radiation dosimetry indexes suggest
that V15 (P = 0.001), V20 (P = 0.004), V35 (P = 0.019) and
V40 (P = 0.002) are associated with radiation pneumonia.

Stepwise Regression Analysis of Related Factors in
Diagnosis of Radiation Pneumonia

The variables of p < 0.05), and negative relation between radia-
tion pneumonia with the BAS%, PLT and V20 was confirmed
by smoothing function test (Figure 1). At the same time, the
collinear test showed that the variance expansion factors of
BAS%, PLT, diabetes and V20 were 1.1, 1.1, 1.1 and
1.7 (Table S1), all below the standard value of 10, suggesting
that there was no colinear relationship among the factors.
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Table 2. Single-Factor Analysis of the Effects of Clinical Factors on
Radioactive Pneumonia in the Training Set.

Table 3. Single-Factor Analysis of the Effects of Hematological Indi-
cators on Radioactive Pneumonia in the Training Set.

Exposure OR (95% CI) P-value Exposure OR (95% CI) P-value
Sex WBC (10° /L) 1.0 (0.9, I.1) 0.902
Female [ NEU (10° /L) 1.0 (0.9, 1.0) 0.059
Male 1.12 (0.42, 2.99) 0.828 LYM (10° /L) 1.0 (1.0, I.1) 0.044*
Age MON (10° /L) 1.0 (0.9, 1.1) 0.883
<65 [ EOS (10° /L) 1.1 (0.9, 1.3) 0.464
>65 111 (0.4, 2.76) 0.83 E0S% (%) 0.6 (0.0, 12.4) 0717
Smoke BAS (10° /L) 0.0 (0.0, inf.) 0.569
No | BAS% 0.0 (0.0, 0.3) 0.006**
Yes 0.95 (0.37, 2.39) 0.908 NEU% 1.0 (0.9, I.1) 0.992
PS LYM% 0.9 (0.4, 2.0) 0.79
0-1 | MON% 0.3 (0.0, 1.7) 0.154
2-3 .38 (0.55, 3.44) 0.496 RBC (10'2 /L) 0.9 (0.4, 2.0) 0.856
COPD HGB (g /L) 1.0 (1.0, 1.0) 0.591
No | HCT% 1.0 (0.9, 1.1) 0.581
Yes 0.91 (0.35, 2.35) 0.844 MCV (fL) 1.0 (0.9, 1.1) 0.503
Site MCH (pg) 0.9 (0.8, 1.2) 0.586
Around [ MCHC (g /L) 1.0 (1.0, I.1) 0.94
Center 0.61 (0.22, 1.67) 0.336 RDW.SD (fL) 1.0 (0.9, 1.0) 0.236
Stage RDW.CV% 0.9 (0.6, 1.1) 0.295
3 [ PLT (10° /L) 1.0 (1.0, 1.0) 0.016%
4 0.82 (0.33, 2.05) 0.668 PCT 0.0 (0.0, 1.2) 0.057
Type MPV (f /L) 1.3 (0.8, 2.0) 0.354
Luad |
Lusc 0.92 (0.32, 2.64) 0.875 ::P<<06005i
Scle 0.84 (0.05, 14.57) 0.906 oy <001
Other 1.12 (0.32, 3.92) 0.856
History of diabetes
';l:s 361 (I.0|5, 12.42) 0.042* benefit, suggesting that the model has a good reference signif-

*P-value <0.05.

Construction and Validation of Predictive Model

According to the method of stepwise regression analysis, We
screened out the prediction model of 4 variable combinations
(Table 5), and Table 6 shows that the ROC of prediction model
is better than any single variable. Although, the diabetes
p > 0.05 in stepwise regression, it was still included in the
model because of its great clinical significance, and the ROC
value of the four-factor model was higher than that of the three-
factor model (Figure S1). The corresponding regression coeffi-
cient was calculated and the predictive mathematical model
was established. As shown in the Figure 2, the probability of
radiation pneumonia was P = 1.87476 — 3.92066*BAS% —
0.00912*PLT + 1.11323*Diabetes + 1.62853*V20, and the
predictive mathematical model was visualized in nomogram.
In order to evaluate the performance of the model, we car-
ried out a series of analysis and verification. Firstly, the ROC
curve (Figure 3A) in the training set showed that the AUC
value of the predictive model is 0.853, the sensitivity of the
model is 70%, and specificity of the model is 94%. Secondly,
the calibration curve (Figure 3B) showed that the diagnostic
efficiency of the model is in good agreement with the actual
diagnosis. Finally, the decision curve analysis result (Figure
3C) showed that the model has a satisfactory positive net

icance for predicting radiation pneumonia in clinical. In the
validation set, the model ROC curve (Figure 3D) showed an
AUC value is 0.656, sensitivity is 63% and specificity is 73%,
and the calibration curve (Figure 3E) and the decision curve
analysis result (Figure 3F) also indicate that the model has
certain auxiliary significance.

Discussion

Radiation pneumonia, one of the most common dose-limiting
toxic reactions of lung cancer after radiotherapy, has no obvi-
ous effective treatment, and affects the treatment process and
survival time of cancer patients. At present, it is recognized that
the most important influencing factor of radiation pneumonia is
the radiation dose parameters.'> However, in the practice of
radiotherapy, the occurrence of radiation pneumonia still con-
fuses clinicians even though the dose parameters are strictly
limited before radiotherapy. This shows that in addition to dose
parameter factors, other multi-factors are involved in radiation
pneumonia.

In this study, the diagnostic prediction model of RP was
constructed comprehensively using 3 easily obtained para-
meters. The univariate analysis results showed that the history
of diabetes in clinical factors, the LYM, the BAS%, and the
PLT in hematological indexes, and the radiation dosage indi-
cators V15, V20, V35 and V40 were all associated with radia-
tion pneumonia. The indicators of practice.
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Table 4. Single-Factor Analysis of the Effects of Radiation Dosing
Indicators on Radioactive Pneumonia in the Training Set.

Exposure OR (95% CI) P-value

V5 (%)

<60 |

>60 2.24 (0.88, 5.73)
V10 (%)

<50 |

>50 1.97 (0.78, 5.01)
VIS (%)

<40 |

>40 5.51 (2.03, 14.97)
V20 (%)

<30 |

>30 4.29 (1.59, 11.53)
V25 (%)

<25 |

>25 1.85 (0.72, 4.75)
V30 (%)

<20 |

>20 2.35 (0.92, 6.01)
V35 (%)

<18 |

>18 3.14 (1.20, 8.17)
V40 (%)

<I5 |

>15 5.70 (1.94, 16.79)
MLD (%)

<13Gy |

>13Gy 2.48 (0.88, 7.00)
GTV (cm?)

<135 |

>135 1.75 (0.69, 4.40)

0.092

0.152

0.001*

0.004**

0.203

0.074

0.019%¥*

0.002**

0.087

0.237

*The volume of V5-V40 refers to the bilateral lung volume.
*P-value <0.005.

**P-value <0.01.

*#P-value <0.001.

Among the clinical factors, some studies concluded that the
patient’s age,'® sex,'” physical status,'® chronic lung disease,"”
tumor location,'® smoking status® and pathological type may
be the clinical individual factors affecting radiation pneumo-
nia. However, some studies found that age and sex were not the
influencing factors of radiation pneumonia.®' This study found
that there was no significant difference in clinical factors such
as age, sex, smoking, pathological types and tumor location. It
is generally believed that female patients may be more prone to
radiation pneumonia due to small lung volume and high dose
per unit lung tissue,?* but the same conclusion was not got by
this study, may due to the insufficient sample size of patients.
The elderly may have poor tolerance to radiation due to lung
function and other factors, and the incidence of radiation pneu-
monia is high.?* Therefore, the data of this group did not show
the influence of age on radiation pneumonia. In addition, the
tumor stages of patients in this group were mainly stage I1I and
IV, and the patients in stage I and II were not included, so there
the correlation between tumor stages and radiation pneumonia
were not considered. Some studies suggest that in the case of
poor blood glucose control, the probability of radiation pneu-
monia is high.>* Glycosylated hemoglobin (GHb) can reflect
the blood glucose control of patients for about 2 months, which
is more reliable than a single fasting blood glucose, postpran-
dial blood glucose and other blood glucose indicators, so GHb
can also be used as an independent factor in the diagnosis of
radiation pneumonia in other study.?® Although this study did
not include the blood glucose indicators, the history of diabetes
of patients was considered and a high risk of radiation pneu-
monia was confirmed because of their poor blood glucose con-
trol. Similarly, a new study'® further explored the relationship
between monocytes and neutrophils, which suggested that
monocyte to lymphocyte ratio (MLR) could predict the occur-
rence of radiation pneumonitis in patients with thoracic tumor
radiation.

>
1.0

0.8
1

0.6

Probability of radiation pneumonia
0.0 0.4
1 1

0.8

0.6
1

0.4

Probability of radiation pneumonia
0.2
1

0.0
1

1 [RATITNT FIIIIIIHI]II W | I
I I I

100 200 300 400 500
PLT

Figure 1. The correlation between continuous variables and radiation pneumonia. A, The relationship between BAS% and radiation pneumonia.

B, The relationship between platelet count and radiation pneumonia.
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In terms of hematological indicators, based on convenient
and fast considerations, only 22 routine blood test parameters
were considered. Among them, basophilic granulocytes count
(BAS) fluctuates greatly in the 95% confidence interval due to
its small fluctuations range and the small sample size. Univari-
ate analysis results showed that LYM, BAS% and PLT were
negatively correlated with the occurrence of radiation pneumo-
nia. In stepwise regression analysis, the BAS% and PLT were

Table 5. Stepwise Regression Analysis in the Training Set.

Std 95%Cl 95%ClI

Estimate error OR  low up  P-value

(Intercept) 1.8748 0.9719 6.5193 0.9702 43.8052 0.0537

BAS% —3.9207 1.7864 0.0198 0.0006 0.6575 0.0282
PLT —0.0091 0.0041 0.9909 0.9831 0.9988 0.0244
History of diabetes  1.1132 0.7122 3.0442 0.7537 12.2947 0.118
V20 1.6285 0.6054 5.0964 1.5558 16.694 0.0071

Table 6. AUC of BAS, PLT, Diabetes, V20, and Model.

Development term Validation term

also independent diagnostic factors for radiation pneumonia.
Normally, the number of basophilic granulocytes circulating in
the outer circulation of blood is small, but they can secrete a
variety of B cell regulation molecules, and then express
CD40 L, IL-4 and IL-6, to support the proliferation of B cells
and the production of IgM and IgG1,?® which suggests that the
basophils play an important role in humoral immunity regula-
tion. In the case of pathogen invasion, platelets can make a
rapid immune response to resist the invasion of pathogenic
microorganisms. In addition, platelets can also play a role in
adaptive immune regulation through T cells, antigen presenting
cell, and B cells. Therefore, when the BAS% and PLT are
lower than the normal standard, the patient’s immune function
is poor, and prone to radiation pneumonia.

Radiation dose parameters always account for a large pro-
portion in the occurrence development of radiation pneumonia.
More and more studies have found that the radioactive lung
injury is closely related to the low dose volume of the lungs.
Meanwhile, some studies have found that radioactive lung
damage is related to lung V5-V65.2” The correlation between
MLD, lung V5-V20 and radioactive lung injury has also been
confirmed by many researchers.”®*’ The results of this study

Variable showed that lung V15, V20, V35 and V40 were associated with
AUC 95%Cl low 95%Cl up AUC 95%Cl low 95%Cl up  RP_ This is consistent with previous research. The stepwise
BAS (%) 0.725 0.612 0.838 0.629 0.407 0.852 regression analysis showed that lung V20 was a valuable index
PLT (10°/L) 0.684  0.562 0806 0634 0.409 0.859 to predict RP. Lung V20 means the percentage of lung volume
Diabetes 0.604 0.512 0.696 0.622 0.44| 0.803 that received radiation dose over 20 Gy, and was the most
V20 0.669  0.561 0.777 0596 0411 0.781 common-used radiation dose volume factor,>*! which is not
Model 0853  0.765 0941 0656 0434 0.877 only related to the incidence of radiation pneumonia, but also
closely related to the severity of radiation pneumonia.*®
. 10 20 30 40 50 60 70 80 90 100
POlntS L 1 1 i 1 1 i L 1 J
BAS% T T T T r T T r )
1.8 1.6 1.4 1.2 1 0.8 0.6 0.4 0.2 0
PLT T T T T T ; T r v T T )
550 500 450 400 350 300 250 200 150 100 50 O
Yes
Diabetes —
No
>25%
V20 —_—
<25%
Total Points r T T T T T . : . . )
0 20 40 60 80 100 120 140 160 180 200 220
Probability of radiation pneumonia 01 05 09

Figure 2. Prediction nomogram of radiation pneumonia.
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A Stepwise Training set
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Figure 3. Verification of prediction model. Training set: (A) Receiver operating characteristic curves; (B) Calibration curve; (C) Decision curve.
Validation set: (D) Receiver operating characteristic curves; (E) Calibration curve; (F) Decision curve.

In summary, after comprehensive analysis of clinical fac-
tors, hematological indicators and radiation dosing indicators,
BAS%, PLT and V20 were determined as independent diag-
nostic factors, and a more visualized and reliable predictive
model was obtained by combining multiple indicators, which
was simple and easy to obtain and could be used as a reference
for clinicians in clinical practice.

Conclusion

In this study, the prediction model is constructed by integrating
clinical factors, hematological indicators and radiation dosimetry
indicators. The prediction performance is reliable and the detec-
tion indicators are simple and easy to obtain, which can reduce the
economic burden of patients and is worth popularizing after fur-
ther verification. However, the correlation of radiation pneumo-
nia is not limited to the above 3 types of parameters. It is expected
that in the subsequent study can be added to the radiomics and
other indicators, to establish a better and more comprehensive
prediction model, which can provide help in clinical practice.
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