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Abstract: Objective: To construct and evaluate a predictive model for radiation-induced lung injury (RILI) in lung
cancer patients based on a meta-analysis of observational studies. Methods: A systematic search was conducted
across various databases to identify observational studies on the prevalence and risk factors of RILI in lung cancer
from the inception of each database up until June 2024. Meta-analysis was performed using Review Manager 5.3
software to calculate the latest prevalence data and pooled risk values for significant risk factors associated with
RILI. A logistic regression model was developed using the natural logarithmic transformation of the combined risk
values. External validation was performed with 180 lung cancer patients who underwent radiotherapy at Yinzhou
Affiliated Hospital from July 2023 to June 2024. The predictive performance of the model was assessed using the
area under the receiver operating characteristic (ROC) curve (AUC), and clinical practicability was evaluated by deci-
sion curve analysis. Results: A total of 27 studies were included in the analysis. The meta-analysis revealed that the
prevalence of RILI in lung cancer patients was 33.0% (95% confidence interval [Cl]: 23.0%-42.0%). Key risk factors
identified for RILI included age, mean lung dose (MLD), volume of the lung receiving P20 Gray (V20), chronic ob-
structive pulmonary disease (COPD), radiotherapy dose, and volume of normal lung spared from irradiation at doses
> 5 Gy (AVS5). The combined odds ratios (ORs) for these factors were 2.42 (95% Cl: 1.08, 5.43) for age, 1.31 (95%
Cl: 1.16, 1.48) for MLD, and 1.64 (95% CI: 1.02, 2.64) for V20, among others. The resulting predictive model was:
Logit(P) =-0.955 + 0.884X1 + 0.270X2 + 0.495X3 + 1.688X4 + 1.147X5 - 1.966X6, where X1, X2, X3, X4, X5, and
X6 represent age, MLD, V20, COPD, radiotherapy dose, and AVS5, respectively. The model’s AUC was 0.875 (95% CI:
0.799-0.951), with a sensitivity of 83.3% and specificity of 91.7%. Conclusion: Age, MLD, V20, COPD, radiotherapy
dose, and AVS5 are significant risk factors for RILI in lung cancer patients. The constructed predictive model based
on these factors demonstrates strong performance, with good evaluation results, making it useful for clinical risk
assessment and management.
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Introduction accurate and reliable prediction methods ma-
kes it difficult for physicians to balance treat-
ment effectiveness and complication risks

when planning radiotherapy [4].

Lung cancer is a major global health threat, and
radiotherapy is a crucial treatment modality for
this condition [1]. However, radiation-induced

lung injury (RILI) is a common and serious com-
plication during lung cancer radiotherapy. It
not only affects patients’ quality of life but can
also limit the radiotherapy dose and efficacy,
potentially endangering patients’ lives [2, 3].
Currently, predicting RILI in clinical practice
presents significant challenges. The lack of

Meta-analysis is a powerful tool that can inte-
grate results from multiple independent stud-
ies, enhancing statistical power and the reliabil-
ity of conclusions [5]. Developing an effective
predictive model for RILI in lung cancer may
help identify high-risk patients early, enabling
personalized adjustments to radiation doses
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and treatment strategies or the implementa-
tion of preventive drug interventions, ultimately
improving treatment outcome [6]. Identifying
independent risk factors for RILI and construct-
ing a risk prediction model are urgentpriorities.
While numerous studies [7, 8] have investigat-
ed the risk factors for RILI in lung cancer, there
are discrepancies in the risk factors identified
across studies, and many studies suffer from
small sample size, which reduces the predictive
power of their models and limits the ability to
accurately identify high-risk patients.

This study aims to conduct an evidence-based
evaluation of existing research on the risk fac-
tors for RILI in lung cancer. A meta-analysis was
used to calculate the combined risk values of
each factor. The identified predictive variables
were then used to construct a logistic regres-
sion model and assess its predictive efficacy.

Materials and methods
Literature search

This study has been registered with the In-
ternational Prospective Register of Systematic
Reviews (PROSPERO) (CRD42024586813). We
selected the following databases for our sear-
ch: PubMed, Web of Science, Embase, Scopus,
IEEE Xplore, Cochrane Library, EBSCO Infor-
mation Services (EIS) host (EBSCOhost), etc.
The search terms used included “lung cancer”,
“radiation-induced lung injury”, “morbidity”,
“prevalence”, “epidemiology”, “incidence”, “risk
factors”, and “influence factors”. Two research-
ers performed the search using a combination
of subject and free terms to capture both pro-
spective and retrospective studies evaluating
the risk factors of radiation-induced lung injury
in lung cancer. The time frame for the search
extends from the establishment of each data-
base to June 2024, and only full-text literature
published in English was included for evalua-
tion. Additionally, the reference lists of qualified
studies and relevant reviews were examined to
ensure comprehensive coverage. After com-
pleting the search, the two researchers cross-
checked the results. Any discrepancies were
resolved through discussion. The search strat-
egy used was: (((lung cancer[Title/Abstract])
AND (radiation-induced lung injury[Title/Ab-
stract])) AND (Morbidity[Title/Abstract])) OR
(Prevalence([Title/Abstract]) OR (Epidemiology
[Title/Abstract]) OR (Incidence[Title/Abstract])
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OR (risk factors[Title/Abstract]) OR (influence
factor[Title/Abstract]).

Study screening and inclusion criteria

The search results were imported into Endnote
literature management software to create a
citation database. Two researchers indepen-
dently screened the studies based on the inclu-
sion and exclusion criteria. After completing the
screening, the results were cross-checked, and
any disagreements were submitted to a third
senior researcher for arbitration.

Inclusion criteria: (1) Studies involving lung
cancer patients undergoing radiotherapy and
reporting RILI. (2) Studies providing sufficient
data for analyzing risk factors. (3) Retrospec-
tive or prospective studies. (4) Studies involving
adult lung cancer patients. (5) Studies clearly
diagnosing RILI according to relevant criteria.

Exclusion criteria: (1) Duplicate publications.
(2) Basic research studies. (3) Review articles.
(4) Studies without a control group. (5) Studies
from which data could not be converted into
odds ratios (OR) and 95% confidence intervals
(Cl).

Data extraction and quality evaluation

Min Peng and Zhiwei Sun used a standardized
data extraction form developed by the research
group to extract the following information from
eligible studies: first author’'s name, publication
year, sample size, study type, incidence of RILI
(2015-2024), risk factors, and associated data
(such as OR, 95% ClI, contingency table data).
After data extraction, the results were cross-
checked by the researchers. Any discrepancies
were resolved by consulting a third senior
researcher. Based on the extracted informa-
tion, two researchers independently evaluated
the quality of the studies using the Newcastle-
Ottawa Scale (NOS) [9]. Any disagreements in
the quality assessment were also referred to a
third senior researcher for arbitration.

Meta-analysis

Meta-analysis was conducted using Review
Manager 5.3 software to determine the risk
factors for RILI in lung cancer through data
aggregation. Since this was a combined analy-
sis of risk factors, the OR and the correspond-
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ing 95% CI [10] were used as the effect size.
First, the clinical and methodological similari-
ties of the included studies were assessed, fol-
lowed by an evaluation of statistical heteroge-
neity between the studies using both qualitative
and quantitative methods. The evaluation indi-
cators included the Q-test and I? test. If the
results showed P > 0.1 and I?> < 50%, the fixed-
effects model (FEM) was used for data aggre-
gation; otherwise, the random-effects model
(REM) was applied.

Sensitivity analysis and publication bias evalu-
ation

After the meta-analysis, a sensitivity analysis
was performed to assess the robustness of the
results. In this analysis, the statistical approach
was modified by alternating between the FEM
and REM to check for any significant changes
in the pooled effect size. Concurrently, publica-
tion bias was evaluated using Begg's and
Egger’s tests. P-value less than 0.05, suggest-
ed possible publication bias.

Prediction model construction

A logistic regression model was constructed
based on data from prospective or retrospec-
tive studies to calculate the OR of risk factors
and evaluate their contribution to the occur-
rence of specific diseases. This model was
used to predict disease risk. In this study, meta-
analysis was first used to calculate the com-
bined risk value for each risk factor (as predic-
tor variables) for RILI in lung cancer. Then, a
logistic regression model was developed based
on the natural logarithmic transformation of the
combined risk. This approach accumulates the
sample size from existing studies, overcoming
limitations such as small sample sizes in indi-
vidual studies, thus ensuring the scientific
validity, reliability, and accuracy of the model’s
predictions.

The theoretical predictive model was expressed
as:

Logit(P)=L
ogit(P) n(l

? ) = O+BLX1+P2X2+.. +[BiXi+...
Bnn P

The risk probability of RILI in lung cancer can
be calculated by the following formula:

_e“+BIXL+ B2X2+ ..+ BiXi+ ... fnXn

- 1+ ea+/51x1+/f2x2+...+1fix«'+... BnXn
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In the above formula, “X1, X2,..., Xi,..., Xn” rep-
resent the risk factors. The regression coeffi-
cient of each factor Bi is the natural logarithm
value of the combined risk. The formula for cal-
culating Bi is:

Bi = Ln(ORi)

As shown in the theoretical model, the constant
term o can be calculated as follows:

Poj - — — —
a =1Ln (71.) - BAXA + B2X2 + ...+ BiXi + ... BnXn
1 - Poj

In this equation, PO is the prevalence rate. X1,
X2,..., Xi,..., Xn represent the average values of
the risk factors in the population (i.e., the aver-
age exposure rate). These values can be esti-
mated based on the prevalence and incidence
of RILI in a specific area. However, obtaining the
average exposure rate in practice can be chal-
lenging. Therefore, it is generally recommended
not to adjust the constant term. Instead, it is
calculated directly as:

While simplifying the calculation of the con-
stant term increases the model’s practicality, if
the prevalence of risk factors in the target pop-
ulation is high, or if the risk factors carry signifi-
cant risk, the resulting disease risk may be
overestimated.

Clinical validation of the model

Lung cancer patients undergoing radiotherapy
were selected for external validation. Patient
screening and identification: Lung cancer pa-
tients who received radiotherapy at Yinzhou
Affiliated Hospital from July 2023 to June 2024
were specifically chosen as the research sub-
jects. Using the hospital’s electronic medical
record system, patients were screened based
on admission dates and diagnostic records to
identify those meeting the criteria for the study
period and disease type. A total of 180 patients
were selected. Data sources: Clinical data were
primarily sourced from the electronic medical
record system, which included patients’ basic
information, disease diagnoses, treatment pro-
cedures, and examination and test results.

Statistical analysis
Meta-analysis was performed using Review

Manager 5.3 software. The combined OR was
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Table 1. Basic characteristics of studies

Serial Radiation-induced lung injury Follow-up time Age Mean Gender /N ‘Reported
number types [mean (range) months] years (male * female) risk factors

[11] RRP - 69 - 15/80 - 7
[12] > 2 grade RILI 1 - 79%41 34/120 - 6
[13] > 2 grade RILI 1 years 73.5 15*5 9/21 - 7
[14] > 2 grade RILI 2 years 67 108+*34 29/142 - 9
[15] Grade 2 RP Two years 79 39*24 2/63 - 7
[16] RILT 2 years 73 70*20 19/90 - 7
[17] Acute pneumonia Median 16 73 58*52 55/110 - 7
[18] Local lung fbrosis 36 73 58%52 36/110 - 8
[19] Acute G1 RILD <90 days 75 61*45 72/106 - 8
[20] ILAs > 6 months 61 85*10 15/95 - 7
[21] RP 26.6 (10.8-37.6) 76 14%2 12/16 - 7
[22] RP 1 year 67 81*6 64,87 - 8
[23] Severe RILT 9 (6-114) 67.75 53*1 22/54 K 6
[24] RILT > 6 months 60.59 T79*47 45/126 DEFJK 6
[25] > 3 grade RILI Within 1 to 3 months 60 116*35 36/151 ACDK 7
[26] > grade 3 RP - - - 12/95 L 8
[27] > 2 grade RILI - 58 193%58 140/251 A 7
[28] > 2 grade RILI 12.3 (6.1-52.0) 61 75*8 25/83 I 7
[29] > 2 grade RILI Median 545 days 56 137*24 51/161 A 7
[30] Clinically significant pneumonitis 4.5 years 65 82*27 17/109 ACH 8
[31] > 2 grade RILI - 68 328*110 122/438 C 8
[32] Grade 2-3 pulmonary toxicity 30.9 (6.7-56.7) 1.7 50*10 9/60 AB 6
[33] RP - 32t0 78 72*8 13/93 EGH 7
[34] Acute ARP 12 weeks 70 37%10 11/47 BFM 7
[35] > 2 grade RP 6 - 263*106 146/369 BJ 8
[36] RP 6 59 81*9 90/96 B 9
[37] > G3 grade RP >5 63 109*13 14/174 BCI 7

n is the number of people with radiation-induced lung injury, and N is the total number of included patients. RILI: radiation-induced lung injury;

RILT: radiation-induced lung toxicity; RILD: radiation-induced liver disease; ILAs: interstitial lung abnormalities; RP: radiation pneumonitis; RF:
radiation fibrosis; RRP: radiation recall pneumonitis; ARP: acute radiation pneumonitis; ILAs: interstitial lung abnormalities; G: RTOG grade. A:
mean lung dose (MLD); B: Age; C: volume of the lung receiving P20 Gray (V20); D: radiotherapy dose; E: chronic obstructive pulmonary disease
(COPD); F: smoke; G: forced expiratory volume in one second (FEV1) or FEV1/forced vital capacity (FVC); H: normal-tissue toxicity probability
(NTCP); I: absolute volume of normal lung spared from irradiation at a dose > 5 Gy (AVS5); J: planning target volume; K: neutrophil to lymphocyte
ratio (NLR); L: radiological ILAs; M: administration of induction gemcitabine. NOS: Newcastle Ottawa Scale.

used to determine the overall risk level. Addi-
tionally, if the OR was approximately 1, this indi-
cated that the risk factor has minimal impact,
and such factors were excluded from the risk
prediction model. External validation: The mo-
del's predictive performance was evaluated
using the area under the receiver operating
characteristic curve (AUC), sensitivity, and
specificity.

Results
Literature search results

Fourteen studies [11-29] published between
2015 and 2024 reported the incidence of RILI
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in lung cancer. A total of 1,363 cases were
included, with 351 cases of RILI (25.75%).
Studies [23-29] and others [30-37] reported
risk factors and OR (with 95% CI) for RILI in
lung cancer. The basic characteristics and
NOS scores of each study are shown in Table 1,
and the screening process is shown in Figure 1.

Radiotherapy for lung cancer

Radiotherapy techniques for lung cancer:
Three-dimensional conformal radiotherapy
(3D-CRT): Approximately 6% of the included
studies utilized 3D-CRT. This technique con-
structs the three-dimensional shape of the
tumor using computed tomography (CT) and
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Records excluded with reasons:

Reports excluded:
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Figure 1. The screening process.

adjusts the angles and shapes of the radiation
beams so that the high-dose radiation area
coincides with the tumor’s target volume, mini-
mizing radiation exposure to surrounding
healthy tissues.

Intensity-modulated radiotherapy (IMRT): Ar-
ound 5% of the studies employed IMRT. This
method modulates the intensity of radiation
beams based on 3D-CRT, creating a more uni-
form dose distribution within the tumor while
better protecting critical organs, such as the
heart and spinal cord, from radiation damage.

Drug therapy for lung cancer: Cisplatin:
Approximately 63% of the studies combined
cisplatin with other drugs. Cisplatin is typically
administered via intravenous injection, with the
dose calculated based on the patient’s body
surface area. In combination chemotherapy
regimens, a common dose is 75-100 mg/m?,
with treatments administered every 3-4 weeks.
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It is frequently combined with drugs such as
paclitaxel and gemcitabine for lung cancer
treatment. Its mechanism of action involves
binding to DNA, disrupting the DNA structure
of cancer cells, and preventing their replica-
tion and proliferation. However, due to the vari-
ety of research sources, the exact number of
studies involving cisplatin was not recorded in
the original data.

Carboplatin: Approximately 60% of the studies
involved carboplatin. Like cisplatin, carboplatin
is administered intravenously, with the dose
typically calculated using the Calvert formula
(based on factors such as glomerular filtration
rate). In lung cancer treatment, it is often com-
bined with other chemotherapeutic agents,
such as pemetrexed for non-small cell lung can-
cer. Its anti-tumor effect is primarily due to DNA
cross-linking, similar to cisplatin.

Pemetrexed: Primarily used for non-small cell
lung cancer, especially lung adenocarcinoma,
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_Study or Subgroup  Risk Difference  SE Weight [V, Random, 95% CI
0.05[0.01,
0.33[0.24,
0.30 [0.20,
0.19[0.10,
0.32[0.24,
0.03 [-0.01,
0.16 [0.08,
0.74 [0.64,
0.56 [0.50,
0.21[0.13,
0.68 [0.59,
0.24[0.17,
0.41[0.28,
0.43[0.22,
0.36 [0.27,
0.28 [0.20,
0.20 [0.14,
0.75[0.54,

Bousabarah 2019 0.04545454 0.01986052  5.5%
Bousabarah 2021 0.32727273 0.04473816 5.3%
Chen 2015 0.30120482 0.05035781 5.3%
Cousin 2021 0.1875 0.04363825  5.3%
Han 2015 0.31677019 0.03666423 5.4%
Itonaga 2021 0.03174603 0.02208865  5.5%
Li 2018 0.15789474 0.03741151 5.4%
Li 2021 0.73563218 0.04727973 5.3%
Liu 2016 0.55776892 0.03134837 5.5%
Menoux 2020 0.21111111 0.04301721 5.3%
Palma 2019 0.67924528 0.04533639 5.3%
Pan 2017 0.2384106 0.03467646 5.4%
Park 2023 0.40740741 0.06686451 5.0%
Seto 2022 0.42857143 0.10798985  4.4%
Sha 2021 0.35714286 0.04268674 5.3%
Sha S 2021 0.28333333 0.0411355  5.4%
Wang 2017 0.20422535 0.03383029 5.4%
Yamamoto 2022 0.75 0.10825318 4.4%
Zhao 2023 0.12631579 0.03408351 5.4%
Total (95% Cl) 100.0%

Risk Difference

Risk Difference

IV, Random.95%Cl

0.13[0.06

0.08]
0.41]
0.40]
0.27]
0.39]
0.08]
0.23]
0.83]
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0.30]
0.77]
0.31]
0.54]
0.64]
0.44]
0.36]
0.27]
0.96]
,0.19]

0.33[0.23, 0.42]
Heterogeneity: Tau? = 0.04; Chi = 559.66, df = 18 (P < 0.00001); I = 97%

Test for overall effect: Z =6.75 (P < 0.00001)
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Figure 2. Forest plot of meta-analysis of prevalence of radiation-induced lung injury in lung cancer.

pemetrexed was used in approximately 20% of
the studies. It is administered intravenously
and is often combined with platinum-based
drugs in regimens like AP (pemetrexed + cispla-
tin). The usual dose is 500 mg/m?, with a treat-
ment cycle every 3 weeks. Pemetrexed works
by inhibiting cell growth through interference
with the folate metabolic pathway in cancer
cells. Due to issues with the original data, the
exact number of studies using pemetrexed
could not be determined.

Gemcitabine: Used in the treatment of non-
small cell lung cancer, approximately 8% of the
studies included gemcitabine. Administered by
intravenous infusion, it can be used alone or in
combination with other drugs, such as in the GP
regimen (gemcitabine + cisplatin). When used
alone, the dose is typically 1000-1250 mg/m?
with a 3-week treatment cycle. Gemcitabine
inhibits cancer cell growth by incorporating into
DNA and interfering with DNA synthesis. The
exact number of studies involving gemcitabine
is difficult to determine.

However, some studies did not specify the
treatment methods for lung cancer.

Meta-analysis of the prevalence of RILI in lung
cancer

The heterogeneity test yielded 1> = 98%, P <
0.001, indicating significant heterogeneity am-
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ong the studies. The REM was used for the
meta-analysis. The overall prevalence of RILI in
lung cancer was 33.0% (95% Cl: 23.0%-42.0%)
(Figure 2).

Meta-analysis of risk factors for RILI in lung
cancer

Meta-analysis was performed on risk factors
reported in more than three studies. Five stud-
ies reported that age is a risk factor for RILI in
lung cancer. Seven studies identified the mean
lung dose (MLD) as a risk factor, and four stud-
ies reported that the volume of the lung receiv-
ing P20 Gray (V20) is a risk factor. All analyses
used the REM to combine odds ratios (ORs).
The combined ORs for age, MLD, and V20 were
2.42 (95% CI: 1.08, 5.43), 1.31 (95% CI: 1.16,
1.48), and 1.64 (95% CI: 1.02, 2.64), respec-
tively. All P values were less than 0.05 (Figure
3).

Two studies each reported that normal-tissue
toxicity probability (NTCP), neutrophil-to-lym-
phocyte ratio (NLR), smoking, chronic obstruc-
tive pulmonary disease (COPD), radiotherapy
dose, and the absolute volume of normal lung
spared from irradiation at a dose > 5 Gy (AVSD)
are risk factors for RILI in lung cancer. The com-
bined ORs for NTCP, NLR, and smoking were
3.70 (95% Cl: 0.25, 54.69), 1.46 (95% CI: 0.11,
19.67), and 0.71 (95% Cl: 0.04, 11.44), respec-
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Figure 3. Forest plot of meta-analysis of combined ORs of age, mean lung dose, and volume of the lung receiving
P20 Gray. A. Age; B. Mean lung dose (MLD); C. Volume of the lung receiving P20 Gray (V20).

tively, with all P values greater than 0.05. The
combined ORs for COPD, radiotherapy dose,
and AVS5 re 5.41 (95% Cl: 1.86, 15.74), 3.15
(95% Cl: 1.92, 5.17), and 0.14 (95% CI: 0.03,
0.71), respectively, with all P values less than
0.05 (Figure 4).

Sensitivity analysis and publication bias as-
sessment

The pooled analysis models of the significant
risk factors for RILI were switched to examine
the sensitivity of the meta-analysis results.
The results showed no significant differences
between the FEM and REM for risk factors like
age, MLD, V20, COPD, radiotherapy dose, and
AVS5, indicating that the results had relatively
good stability (Figures 5 and 6). Begg’'s rank
correlation and Egger’s regression tests were
used to assess publication bias. The results
showed no significant publication bias in the
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studies (Begg's test: Z = 0.057, P = 0.814;
Egger's test: t = 4.232, P = 0.592).

Results of prediction model construction

Based on the meta-analysis results and the
selection criteria for comprehensive risk fac-
tors, a risk prediction model was constructed
using the combined results of independent risk
factors (age, MLD, V20, radiotherapy dose, and
AVS5): Logit(P) =-0.955 + 0.884X1 + 0.270X2
+ 0.495X3 + 1.688X4 + 1.147X5 - 1.966X6. In
the prediction model, X1, X2, X3, X4, X5, and X6
represent age, MLD, V20, COPD, radiotherapy
dose, and AVS5 respectively (Table 2).

Model validation

Among the 180 lung cancer patients, 36 cases
(20%) had RILI. According to the model, an esti-
mated 42 cases of RILI may occur among the
180 patients. The ROC curve was plotted based
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Figure 4. Forest plot of meta-analysis of combined odds ratios of other indicators. A. Normal-tissue toxicity probabil-

ity (NTCP); B. Neutrophil-to-lymphocyte ratio (NLR); C
Radiotherapy dose; F. Absolute volume of normal lun

on the model’s evaluation results. The valida-
tion results were as follows: AUC = 0.875 (95%
Cl: 0.799-0.951), sensitivity 83.3%, and
specificity = 91.7% (Figure 7).

Discussion

RILI is a serious complication following radio-
therapy for lung cancer. The mechanisms un-
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. Smoke; D. Chronic obstructive pulmonary disease (COPD); E.

g spared from irradiation at a dose > 5 Gy (AVS5).

derlying its occurrence are complex and involve
multiple factors. Currently, there is no accurate
method for predicting RILI in clinical practice,
making it difficult to identify high-risk patients
in advance and implement preventive mea-
sures. This study aims to determine the preva-
lence and risk factors of RILI in lung cancer
patients through meta-analysis and construct a
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Figure 5. Sensitivity analysis of the impact of age, mean lung dose, and volume of the lung receiving P20 Gray. A.
Age; B. Mean lung dose (MLD); C. Volume of the lung receiving P20 Gray (V20).
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Figure 6. Sensitivity analysis of the impact of chronic obstructive pulmonary disease, radiotherapy dose, and ab-
solute volume of normal lung spared from irradiation at a dose > 5 Gy. A. Chronic obstructive pulmonary disease
(COPD); B. Radiotherapy dose; C. Volume of normal lung spared from irradiation at a dose > 5 Gy (AVS5).
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Table 2. Construction indicators for predictive
models

X Pooled OR B

Age 2.42 0.884
MLD 1.31 0.270
V20 1.64 0.495
COPD 5.41 1.688
Radiotherapy dose 3.15 1.147
AVS5 0.14 -1.966

MLD: mean lung dose; V20: volume of the lung receiving
P20 Gray; COPD: chronic obstructive pulmonary disease;
AVS5: volume of normal lung spared from irradiation at a
dose > 5 Gy; OR: odds ratio.

risk predictive model to provide a decision-
making basis for clinicians.

The meta-analysis found that the prevalence
of RILI in lung cancer patients was 33.0%. This
relatively high prevalence indicates that clini-
cians should prioritize the prevention and man-
agement of RILI when treating lung cancer with
radiotherapy. RILI primarily results from a
series of pathophysiologic changes caused by
the lung’s exposure to ionizing radiation [38].
Studies have shown that factors such as age,
MLD, V20, COPD, radiotherapy dose, and AVS5
are significantly associated with RILI.

Age is a risk factor for RILI in lung cancer. As
people age, physical function declines, and the
tolerance to radiotherapy decreases, making
elderly patients more susceptible to RILI [39].
Therefore, for older lung cancer patients, lung
function should be closely monitored during
radiotherapy, and preventive measures should
be taken promptly. MLD refers to the average
dose received by the entire lung during radio-
therapy. A higher MLD leads to greater radia-
tion damage to lung tissue, thereby increasing
the risk of RILI. The main manifestation of MLD-
induced lung injury is lung toxicity, particularly
in the low-function areas of the irradiated lung,
which may lead to a higher toxicity rate [40].
During radiotherapy planning, efforts should be
made to minimize MLD to reduce the risk of
RILI.

V20 refers to the percentage of lung volume
receiving a dose of 20 Gy or more relative to the
total lung volume. A higher V20 means that a
larger portion of lung tissue is irradiated with a
high dose, which increases the likelihood of
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Figure 7. Receiver operator characteristic curve of
model validation.

RILI [41]. In radiotherapy planning, V20 should
be kept within a reasonable range to minimize
the risk of RILI. COPD may also be a risk factor
for RILI in lung cancer due to several reasons.
First, lung function is already impaired in COPD
patients, with chronic inflammation and struc-
tural damage present in the lung tissue [42].
This reduced lung function makes the tissue
more susceptible to radiation-induced damage.
Second, COPD patients are often in a continu-
ous inflammatory state, which can be exacer-
bated by radiotherapy, leading to further lung
tissue damage [43].

The relationship between radiotherapy dose
and RILI is more direct. High-dose radiation
directly damages lung tissue, destroys cell
structures, triggers inflammatory responses,
and disrupts tissue repair processes, thus
increasing the risk of RILI [44, 45]. The role of
AVS5 as a risk factor can be explained by the
amount of lung tissue spared from high radia-
tion doses. A small AVS5 indicates that more
normal lung tissue is exposed to higher doses
of radiation, increasing the likelihood of RILI
[46, 47]. Conversely, a larger AVS5 protects
more lung tissue, thereby reducing the risk of
injury.

It is important to note that the mechanisms
of RILI in lung cancer are complex, involving
interactions between multiple factors. Further
research is needed to understand these mech-
anisms fully.
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Based on the risk factors identified through
meta-analysis, we developed a risk prediction
model. The model incorporates three key fac-
tors: age, MLD, and V20, to calculate the likeli-
hood of patients developing RILI. The model
shows strong discriminative ability, with an AUC
of 0.875. Both the sensitivity and specificity of
the model are high, indicating robust perfor-
mance in identifying patients at risk of RILI.

This predictive model enables clinicians to
assess patient risk before radiotherapy for lung
cancer and identify those at high risk for RILI.
For high-risk patients, more proactive preven-
tive measures can be implemented, such as
adjusting radiotherapy doses, optimizing treat-
ment plans, and prescribing preventive medica-
tions to reduce the risk of RILI. Based on the
risk assessment, personalized treatment plans
can be devised. For example, low-risk patients
may receive standard radiotherapy protocols,
while high-risk patients might benefit from
reduced radiotherapy doses or the addition of
other therapeutic approaches to minimize RILI
risk. During radiotherapy, the model can also
be used for dynamic monitoring of patients,
allowing for timely adjustment to the treatment
plan.

The model holds significant promise for clinical
application. It can be integrated into electronic
medical record systems, facilitating daily use
by clinicians. Moreover, multi-center studies
are needed to further validate and optimize the
model, enhancing its accuracy and reliability.
Additionally, incorporating other biological mar-
kers and clinical factors could help build a more
comprehensive prediction model for RILI in
lung cancer patients.

However, this study has certain limitations.
This study included a limited number of rele-
vant studies for meta-analysis, which may intro-
duce selection bias. Additionally, the quality of
the included studies varied, which could affect
the reliability of the meta-analysis results.
Furthermore, only three risk factors - age, MLD,
and V20 - were identified in this study, and
other risk factors for RILI may still be undiscov-
ered. The interactions between these risk fac-
tors also warrant further investigation. Finally,
the predictive model developed in this study
needs validation across different populations
to assess its universality and reliability. Fu-
ture research should include more studies to
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improve result reliability and explore additional
risk factors, such as gene polymorphisms and
inflammatory markers, to construct a more
comprehensive predictive model.

In conclusion, based on meta-analysis, this
study developed a predictive model for RILI in
lung cancer. It identified age, MLD, V20, COPD,
radiotherapy dose, and AVS5 as significant risk
factors for RILI and constructed a risk predic-
tion model. This model demonstrates high AUC,
sensitivity, and specificity, providing clinicians
with an essential tool for predicting the risk
of RILI in lung cancer patients. By identifying
high-risk patients early, personalized treat-
ment plans can be developed to reduce RILI
incidence.
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