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Abstract

Background: Acute radiation pneumonitis (ARP) remains one of the most im-
portant dose-limiting toxicities associated with thoracic radiotherapy. This study
evaluated clinical and dosimetric factors of grade >2 ARP in patients with locally
advanced esophageal cancer receiving definitive radiotherapy and explored the
value of routine peripheral blood inflammatory markers. Methods: In this single-
center retrospective study, 115 patients with locally advanced esophageal cancer
treated with definitive radiotherapy were analyzed. Data on clinical characteristics,
treatment-related variables, lung dose—volume parameters, and baseline peripheral
blood inflammatory markers were collected for analysis. The primary endpoint was
grade >2 ARP occurring from the start of radiotherapy until 3 months after comple-
tion of radiotherapy. Logistic regression and receiver operating characteristic
(ROC) analyses were performed, with attention to multicollinearity among dosi-
metric variables. Results: Grade >2 ARP was observed in 31 patients (27.0%), in-
cluding 24 cases of grade 2 and 7 cases of grade 3. Patients who developed ARP
exhibited significantly higher bilateral lung V20, mean lung dose (MLD), as well
as V10, V5, and V30, compared with those without ARP. ROC analysis indicated
that V20 (AUC=0.730), MLD (AUC=0.727), V10 (AUC=0.715), VS5
(AUC=0.717), and V30 (AUC=0.704) demonstrated moderate predictive perfor-
mance. An exploratory analysis suggested an optimal cutoff value of 21.23% for
V20. COPD was more prevalent in the ARP group than in the non-ARP group
(19.4% vs. 2.4%, P=0.0047). After adjustment for COPD, V20, and clinical stage
in the multivariable model, both COPD (OR=11.67, 95% CI: 2.04-66.75, P=0.0058)
and V20 per 5% increase (OR=1.97, 95% CI: 1.31-2.96, P=0.0011) remained inde-
pendently associated with ARP, with a model AUC of 0.783. No significant differ-
ences were observed between groups in baseline NLR, PLR, MLR, or SII. Conclu-
sions: Among patients with locally advanced esophageal cancer undergoing defin-
itive radiotherapy, COPD and higher lung dose exposure, particularly bilateral lung
V20, were associated with a higher risk of grade >2 ARP. Routine peripheral blood
inflammatory markers appeared to have limited predictive utility in this cohort.
These results highlight the importance of individualized pulmonary risk assessment
and careful management of lung dose prior to radiotherapy.
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1. Introduction

Acute radiation pneumonitis (ARP) is one of the most important dose-limiting toxicities after thoracic radiotherapy
[1, 2, 6]. In locally advanced esophageal cancer, definitive radiotherapy with or without chemotherapy represents a
standard treatment option, particularly for patients who are not suitable candidates for surgery or for those in whom
organ preservation is preferred [3-5]. Because of the close anatomical relationship between the esophagus and the
lungs, definitive irradiation often exposes a substantial volume of normal lung tissue to low- and intermediate-dose
radiation. As a result, pulmonary toxicity remains a frequent concern during treatment planning [7, 8].

Risk prediction of ARP is clinically important because it can guide patient counseling, treatment planning, dose
constraint selection, and post-treatment monitoring. Previous studies have shown that clinical characteristics and
dose-volume histogram (DVH) parameters are related to radiation-induced lung injury [10-16]. The most widely
studied parameters include mean lung dose (MLD) and the percentage of lungs receiving at least 5 Gy, 10 Gy, 20 Gy,
and 30 Gy (V5, V10, V20, V30) [8,10-14]. However, the relative importance of these parameters varies across cohorts
depending on tumor location, target volume, radiotherapy fractionation, systemic treatment, baseline lung disease,
and endpoint definition.

Peripheral blood inflammatory markers, such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and systemic immune-inflammation index (SII), are inexpensive
and readily available indicators of systemic inflammatory status. Such markers have been associated with prognosis
in esophageal cancer and with radiation-induced lung injury in some thoracic radiotherapy patients [17-20]. Never-
theless, their value for predicting ARP after definitive radiotherapy for locally advanced esophageal cancer remains
uncertain, and negative findings may also be clinically informative if these routine markers do not add predictive
value beyond clinical and dosimetric variables.

Therefore, this retrospective cohort study aimed to evaluate clinical and dosimetric indicators of grade >2 ARP in
patients with locally advanced esophageal cancer undergoing definitive radiotherapy. Peripheral blood inflammatory
markers were also assessed as exploratory variables to determine whether routine hematological indices provide ad-
ditional predictive information.

2. Materials and Methods
2.1 Study Design and Patients

This was a single-center, retrospective cohort study. Consecutive patients with locally advanced esophageal cancer
who received definitive radiotherapy at our institution were reviewed. A total of 115 patients were included in the
final assessment. Eligibility criteria were as follows: (1) pathologically confirmed esophageal cancer; (2) locally
advanced disease treated with definitive-intent radiotherapy; (3) available baseline clinical information; (4) available
lung dosimetric parameters from the radiotherapy treatment plan; (5) available baseline peripheral blood test results;
and (6) adequate clinical and imaging follow-up for assessment of ARP within 3 months after completion of radio-
therapy. Patients with insufficient follow-up or missing key endpoint information were excluded. This work was
approved by the Ethics Committee of Bengbu Medical University (Approval Code: LKPZ [2026]473). Informed
consent was not required because of the retrospective nature of the study.

2.2 Clinical Data Collection

Clinical parameters included age, sex, body mass index (BMI), smoking history, Eastern Cooperative Oncology
Group performance status (ECOG PS), history of chronic obstructive pulmonary disease (COPD), histological type,
clinical stage, treatment modality, and concurrent chemoradiotherapy. A history of COPD was recorded from medical
records based on documented clinical diagnoses. Clinical stage was categorized as stage I-1I versus stage I11-1V
based on available institutional staging records.

2.3 Radiotherapy and Dosimetric Parameters

All patients received definitive intensity-modulated radiotherapy (IMRT). The total prescription dose, dose per frac-
tion, and number of fractions were recorded. Dosimetric parameters for the bilateral lungs, including MLD and the
traditional V5, V10, V20, and V30, were extracted from treatment planning data. DVH measures were used in tho-
racic radiotherapy toxicity analysis [8, 10-12].
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2.4 Peripheral Blood Inflammatory Markers

Peripheral blood markers obtained before radiotherapy included neutrophil, lymphocyte, monocyte, and platelet
counts. Inflammatory markers were calculated as follows: NLR = neutrophil count/lymphocyte count; PLR = platelet
count/lymphocyte count; MLR = monocyte count/lymphocyte count; and SII = (platelet count X neutrophil count) /
lymphocyte count. These markers were analyzed as exploratory variables, as they have been reported as prognostic
or inflammatory indices in esophageal cancer and thoracic radiotherapy cohorts [17-20].

2.5 Endpoint Definition

The primary endpoint was grade >2 ARP occurring from the start of radiotherapy until 3 months after its completion.
ARP was assessed via clinical symptoms, imaging data, medication records, and follow-up notes, and was graded
based on the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 [9]. Patients with active pul-
monary infection at baseline were excluded; for all ARP events, alternative causes such as infection were ruled out
by clinical and microbiological evaluation. Patients were divided into the ARP group and the non-ARP group based
on the occurrence of grade >2 ARP.

2.6 Statistical Analysis

Continuous variables were summarized as median and interquartile range (IQR), as few were normally distributed.
Categorical variables were presented as counts and percentages. Continuous variables were compared using the
Mann-Whitney U test, and categorical variables were compared using the chi-square test or Fisher’s exact test, as
appropriate. ROC curves were used to assess the discriminatory ability of dosimetric parameters, and exploratory
optimal cutoffs were identified using the Youden index. Logistic regression was used to estimate odds ratios (ORs)
and 95% confidence intervals (Cls). Because the number of ARP events was limited and DVH parameters were
highly correlated, multivariable models were restricted to clinically relevant variables, avoiding the simultaneous
inclusion of strongly correlated dosimetric variables. The main multivariable model included COPD, bilateral lung
V20, and clinical stage. In a sensitivity analysis replacing V20 with MLD in the multivariable model, COPD and
MLD remained significantly associated with ARP (model AUC=0.753). A two-sided P value < 0.05 was considered
statistically significant.

3. Results
3.1 Patient Characteristics

115 patients were included in this study. The median age was 74 years in the non-ARP group and 75 years in the ARP
group. Grade >2 ARP occurred in 31 patients (27.0%). Seventeen patients received steroid treatment for ARP. Base-
line clinical variables were generally balanced between groups. Sex, age, BMI, smoking history, ECOG PS, histo-
logical type, treatment modality, and concurrent chemoradiotherapy did not differ significantly between patients with
and without ARP. COPD was more frequent in the ARP group than in the non-ARP group (19.4% vs. 2.4%,
P=0.0047). Stage I1I-IV disease was numerically more common in the ARP group than in the non-ARP group (64.5%
vs. 44.0%, P=0.051) (Table 1).

Table 1. Baseline clinical and treatment characteristics of patients with and without ARP

Variable Overall (n=115) Non-ARP (n=84) ARP (n=31) P value
Age, years 74 (68-79) 74 (68-79) 75 (71.5-78) 0.387
Sex, male, n (%) 77 (67.0) 55 (65.5) 22 (71.0) 0.579
BMI, kg/m? 22.5(20.9-24.6) 22.2(20.8-24.7) 22.6 (21.1-24.2) 0.896
Smoking history, n (%) 13 (11.3) 7(8.3) 6(19.4) 0.109
ECOG PS, n (%) 0.552
0 16 (13.9) 13 (15.5) 309.7)
>1 99 (86.1) 71 (84.5) 28 (90.3)
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Table 1 Continued

Variable Overall (n=115) Non-ARP (n=84) ARP (n=31) P value
COPD, n (%) 8(7.0) 2(2.4) 6(19.4) 0.004™
Histological type, n (%) 1.000
Squamous cell carcinoma 114 (99.1) 83 (98.8) 31 (100.0)
Other type(s) 1(0.9) 1(1.2) 0(0.0)
Clinical stage, n (%) 0.051
Stage I-11 58 (50.4) 47 (56.0) 11 (35.5)
Stage III-1V 57 (49.6) 37 (44.0) 20 (64.5)
CCRT, n (%) 82(71.3) 63 (75.0) 19 (61.3) 0.149
Radiation dose, Gy 50.0 (50.0-50.4) 50.0 (50.0-50.4) 50.4 (50.0-52.1) 0.107
Fractions 30 (28-30) 30 (28-30) 29.5 (28-30) 0.561
Bilateral lung V5, % 44.50 (34.94-53.36) 41.61 (33.65-50.22) 51.58 (44.40-58.09) 0.000""
Bilateral lung V10, % 30.52 (24.42-38.85) 28.71 (23.33-35.46) 37.76 (30.09-41.52) 0.000™*
Bilateral lung V20, % 17.93 (13.56-23.50) 15.88 (12.15-20.29) 22.23 (18.15-25.79) 0.000™"
Bilateral lung V30, % 8.56 (5.75-12.19) 7.35 (5.06-10.29) 12.18 (8.32-14.75) 0.000™"
Mean lung dose, Gy 9.74 (7.77-12.02) 9.10 (7.18-10.76) 11.67 (9.83-12.93) 0.000"**

Notes. **, P<0.01; ™™, P<0.001. ARP: acute radiation pneumonitis; BMI: body mass index; ECOG PS: eastern cooperative oncology group performance

status; COPD: chronic obstructive pulmonary disease; CCRT: concurrent chemoradiotherapy.

3.2 Dosimetric Differences between Groups

Patients with ARP had significantly higher lung dose exposure than patients without ARP. The median bilateral lung
V20 was 22.23% in the ARP group and 15.88% in the non-ARP group (P=0.00016). The median MLD was 11.67 Gy
in the ARP group and 9.10 Gy in the non-ARP group (P=0.0002). Bilateral lung V10, V5, and V30 were also signif-
icantly higher in the ARP group (Table 1).

3.3 ROC Analysis of Dosimetric Parameters

ROC analysis showed moderate discriminatory performance for lung dosimetric parameters. Bilateral lung V20 had
the highest AUC (0.730), with an exploratory cutoff of 21.23%, a sensitivity of 64.5%, and a specificity of 79.8%.
The MLD had an AUC of 0.727, an exploratory cutoff of 10.12 Gy, a sensitivity of 74.2%, and a specificity of 67.9%.

V10, V5, and V30 had AUC values of 0.715, 0.717, and 0.704, respectively (Table 2) (Figure 1).

Table 2. ROC analysis of lung dosimetric parameters for grade >2 ARP

Parameter AUC Exploratory cutoff Sensitivity Specificity
Bilateral lung V20 0.730 21.23% 64.5% 79.8%
Mean lung dose 0.727 10.12 Gy 74.2% 67.9%
Bilateral lung V10 0.715 29.54% 83.9% 53.6%
Bilateral lung V5 0.717 50.09% 67.7% 73.8%
Bilateral lung V30 0.704 10.47% 64.5% 76.2%
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Figure 1. ROC analysis of lung dosimetric parameters
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Figure 1. Receiver operating characteristic curves for bilateral lung V20, mean lung dose, V10, V5, and V30 in predicting grade
>2 acute radiation pneumonitis.

3.4 Peripheral Blood Inflammatory Markers

Baseline peripheral blood inflammatory markers did not differ significantly between groups. The median NLR was
2.47 in the ARP group and 1.96 in the non-ARP group (P=0.253). The PLR, MLR, and SII were not significantly
different between groups (Table 3).

Table 3. Baseline peripheral blood inflammatory markers according to ARP status

Marker Non-ARP median (IQR) ARP median (IQR) P value
Neutrophil count, x10"9/L 3.20 (2.60-4.12) 3.70 (2.85-5.10) 0.095
Lymphocyte count, x10"9/L 1.60 (1.27-2.00) 1.50 (1.25-1.95) 0.747
Monocyte count, x10"9/L 0.40 (0.30-0.50) 0.50 (0.40-0.60) 0.141
Platelet count, x10"9/L 212.00 (165.75-266.50) 231.00 (189.00-253.00) 0.455
NLR 1.96 (1.44-2.93) 2.47 (1.69-3.33) 0.253

PLR 122.53 (95.13-176.83) 143.33 (120.12-171.82) 0.242

MLR 0.27 (0.21-0.36) 0.30 (0.23-0.40) 0.198

SII 426.00 (241.01-701.24) 526.69 (328.65-806.00) 0.178

Notes. ARP: acute radiation pneumonitis; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-
lymphocyte ratio; SII: systemic immune-inflammation index.

3.5 Logistic Regression Analysis

In univariate logistic regression, COPD was associated with an increased ARP risk (OR=9.84, 95% CI: 1.87-51.84,
P=0.0070). Bilateral lung V20 (OR=1.92 per 5% increase, 95% CI: 1.33-2.79, P=0.00055), MLD (OR=1.17 per 1
Gy increase, 95% CI: 1.01-1.36, P=0.038), V10 (OR=1.53 per 5% increase, 95% CI: 1.18-1.98, P=0.0013), V5
(OR=1.41 per 5% increase, 95% CI: 1.14-1.73, P=0.0012), and V30 (OR=2.15 per 5% increase, 95% CI: 1.32-3.50,
P=0.0022) were also associated with ARP (Table 4). In the main multivariable model, COPD was associated with an
approximately 11.7-fold increased risk of ARP (OR=11.67, 95% CI: 2.04-66.75, P=0.0058). Each 5% increase in
bilateral lung V20 was associated with a higher risk of ARP (OR=1.97, 95% CI: 1.31-2.96, P=0.0011). Clinical stage
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was not associated with ARP (OR=1.67, 95% CI: 0.65-4.31, P=0.290). In the sensitivity model including COPD,

MLD, and clinical stage, COPD and MLD were associated with ARP; the model AUC was 0.753 (Table 5).

Table 4. Univariate logistic regression analysis for grade >2 ARP

Variable Unit/Comparison OR 95% CI P value

Age per year 1.02 0.97-1.09 0.429

Smoking history yes vs. no 2.64 0.81-8.59 0.107

ECOG PS >1vs. 0 1.71 0.45-6.46 0.430
COPD yes vs. no 9.84 1.87-51.84 0.007"

Clinical stage HI-IV vs. I-I 2.31 0.98-5.42 0.054

CCRT yes Vvs. no 0.53 0.22-1.27 0.152
Bilateral lung V20 per 5% increase 1.92 1.33-2.79 0.000™*
Mean lung dose per 1 Gy increase 1.17 1.01-1.36 0.038"
Bilateral lung V10 per 5% increase 1.53 1.18-1.98 0.001™
Bilateral lung V5 per 5% increase 1.41 1.14-1.73 0.001™
Bilateral lung V30 per 5% increase 2.15 1.32-3.50 0.002"

NLR per unit increase 1.19 0.87-1.64 0.282

PLR per 10-unit increase 1.01 0.95-1.07 0.855

MLR per 0.1-unit increase 1.22 0.92-1.62 0.169

SII per 100-unit increase 1.06 0.95-1.18 0.328

£

Notes. ", P<0.05; , P<0.01; "™, P<0.001. ARP: acute radiation pneumonitis; ECOG PS: eastern cooperative oncology group performance status; COPD:
chronic obstructive pulmonary disease; CCRT: concurrent chemoradiotherapy; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio;
MLR: monocyte-to-lymphocyte ratio; SII: systemic immune-inflammation index.

Table 5. Multivariable logistic regression models for grade >2 ARP

Model Variable OR 95% CI P value Model AUC
Main model COPD, yes vs. no 11.67 2.04-66.75 0.0058 0.783
Main model Bilateral lung V20, 1.97 1.31-2.96 0.0011 0.783

per 5% increase
Main model Clinical stage [Tl 1.67 0.65-4.31 0.290 0.783
IV vs. -1
Sensitivity model COPD, yes vs. no 10.47 1.89-58.06 0.0072 0.753
Sensitivity model ~ M¢an lung dose, per 1.17 1.01-1.35 0.038 0.753
1 Gy increase
s Clinical stage ITI-
Sensitivity model IV vs. LI 2.18 0.87-5.47 0.097 0.753

Notes. ARP: acute radiation pneumonitis; COPD: chronic obstructive pulmonary disease; OR: odds ratio; CI: confidence interval; AUC: area under the
curve.

4. Discussion

In this retrospective cohort of 115 patients with locally advanced esophageal cancer treated with definitive radiother-
apy, grade >2 ARP occurred in 31 patients (27.0%). This incidence is consistent with previous esophageal cancer
radiotherapy studies, although data vary between studies due to differences in treatment strategy, target volume, sim-
ultaneous systemic therapy, toxicity definition, and follow-up time [10-12, 15, 16]. Although no grade 4 or 5 ARP
events were observed, grade 2 and 3 pneumonitis remain clinically relevant because these issues often require medical
intervention and may interrupt cancer treatment.

A key finding of this study was the strong association between COPD and ARP risk. We adjusted for clinical and
dosimetric factors. Even after this adjustment, COPD remained independently tied to grade >2 ARP (OR=11.67, 95%
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CI: 2.04-66.75, P=0.0058). This observation is biologically plausible. COPD and radiation-induced lung injury share
several core processes: chronic inflammation, epithelial and endothelial damage, immune-cell recruitment, and tissue
remodeling [6, 7]. Consequently, patients with already compromised baseline pulmonary function reach the threshold
for symptomatic lung injury more easily after thoracic irradiation. Prior to this study, Sun and Sasse reported a com-
parable association between pulmonary complications and radiation pneumonitis in their investigations of chest ra-
diotherapy [11, 13]. For clinical practice, these results support careful pre-treatment pulmonary evaluation and more
frequent post-treatment monitoring for patients with COPD.

Dosimetric factors also played an important role. Among the evaluated DVH parameters, bilateral lung V20
showed the strongest predictive performance, with an AUC of 0.730. It also remained independently linked to ARP
in multivariable analysis. The risk of ARP increased by approximately twofold for every 5% increase in V20
(OR=1.97; 95% CI: 1.31-2.96; P=0.0011). MLD had a similar predictive value in the sensitivity analysis. Patients
who developed ARP also had significantly higher scores for V5, V10, and V30. These results align with the QUAN-
TEC guidelines and with earlier studies that identified V20 and MLD as reliable predictors of radiation pneumonitis
[8, 10-16]. Because DVH parameters are highly correlated, we used different models to minimize the instability
caused by multicollinearity.

We found an exploratory V20 cutoff of 21.23% in this study. This number was close to the values of 21.45% and
21.37% reported in previous esophageal cancer cohorts [11, 16], suggesting possible clinical use for risk stratification.
However, this threshold needs careful interpretation because it was derived from a single-center retrospective dataset
and has not undergone external validation.

Unlike clinical and dosimetric variables, baseline inflammatory markers did not show significant predictive value.
No differences between patients with and without ARP were observed when looking at NLR, PLR, MLR, or SII.
Previous work by Jiang Y and Man Q has linked these biomarkers to prognosis in esophageal cancer [17,18], and
multiple thoracic radiotherapy studies have also reported connections between these markers and radiation-related
lung injury [19, 20]. However, existing research findings remain inconsistent. ARP is shaped by several factors, such
as lung dose distribution, baseline pulmonary status, tissue repair capacity, systemic treatment, and individual radio-
sensitivity. This means routine blood count-derived markers might not be enough to fully account for the complexity
of this process.

Several limitations should be acknowledged. This study took a retrospective approach and was conducted at a
single institution. We only had data on 31 ARP events in total, which restricted the detail of our multivariable analyses.
COPD diagnoses were pulled from existing clinical patient records. We did not have consistent access to full pulmo-
nary function test results for all participants. Another point to mention: the V20 cutoff value was calculated internally
using our own dataset and needs to be checked and verified using outside patient groups. We only looked at standard,
routine inflammatory markers in our analysis. Newer methods, such as radiomics, dosiomics, and biological bi-
omarkers, could offer further predictive insights [15, 16].

Despite these limitations, this study provides evidence that matters for clinical practice. Both baseline pulmonary
vulnerability and lung dose exposure play a role in raising ARP risk after definitive radiotherapy for locally advanced
esophageal cancer. Combining COPD status with well-established DVH parameters, particularly V20, could help
identify patients who face higher risks. It can also support efforts to personalize treatment plans according to each
patient’s needs.

5. Conclusion

For patients with locally advanced esophageal cancer undergoing definitive radiotherapy, COPD and higher lung
dose exposure are linked to a higher risk of grade >2 acute radiation pneumonitis. Bilateral lung V20 remains an
independent dosimetric predictor. MLD also showed matching predictive performance in sensitivity analysis. How-
ever, baseline NLR, PLR, MLR, and SII showed limited predictive value. These findings support individualized
pulmonary risk assessment and careful adjustments to lung dose when planning radiotherapy.
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