? frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Sunil Krishnan,
Mayo Clinic Florida, United States

REVIEWED BY

Ching-Chieh Yang,

Chi Mei Medical Center, Taiwan
Leilei Wu,

Tongji University, China

*CORRESPONDENCE

Zhiyuan Qiu
qgzyjsu@sina.com

Chaoyang Wu
wuchaoyang9@163.com

These authors have contributed
equally to this work and share
first authorship

RECEIVED 02 April 2023
ACCEPTED 24 October 2023
pUBLISHED 07 November 2023

CITATION
Sun L, Wang Y, Zhu L, Chen J, Chen Z,

Qiu Z and Wu C (2023) Analysis of the risk
factors of radiation pneumonitis in patients
after radiotherapy for esophageal
squamous cell carcinoma.

Front. Oncol. 13:1198872.

doi: 10.3389/fonc.2023.1198872

COPYRIGHT
© 2023 Sun, Wang, Zhu, Chen, Chen, Qiu
and Wu. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology

TvPE Original Research
PUBLISHED 07 November 2023
po110.3389/fonc.2023.1198872

Analysis of the risk factors
of radiation pneumonitis in
patients after radiotherapy
for esophageal squamous
cell carcinoma

Lu Sun', Yan Wang®, Lihua Zhu*, Jun Chen*, Zhifu Chen",
Zhiyuan Qiu® and Chaoyang Wu™

tDepartment of Radiation Oncology, the People's Hospital Affiliated to Jiangsu University, Zhenjiang,
Jiangsu, China, ?Department of Oncology, the People’s Hospital Affiliated to Jiangsu University,
Zhenjiang, Jiangsu, China

Objective: To predict the risk factors of radiation pneumonitis (RP) in patients
with esophageal squamous cell carcinoma (ESCC) who received radiotherapy.

Methods: From January 2015 to October 2021, 477 ESCC patients were enrolled
and were assessed retrospectively. All these patients received radiotherapy for
primary lesions or mediastinal metastatic lymph nodes. Clinical efficacy and
adverse events (AEs) were observed. Univariate analysis identified clinical and
dosimetric factors associated with the development of RP, and multivariate
logistic regression analysis identified independent potential risk factors
associated with the development of RP. Nomograms were constructed to
predict RP based on the results of multivariate logistic regression analysis.

Results: Among the 477 ESCC patients, the incidence of RP was 22.2%, and the
incidence of grade 4 or higher RP was 1.5%. Univariate analysis indicated that
chronic obstructive pulmonary disease (COPD), pulmonary infection, leucopenia,
PTV volume, V5, V20, V30 and MLD affected the occurrence of RP. The multivariate
logistic regression analysis indicated that COPD (OR:1.821, 95%Cl:1.111-2.985;
P=0.017), pulmonary infection (OR:2.528, 95%Cl:1.530-4.177; P<0.001), higher
V20 (OR: 1.129, 95% Cl:1.006-1.266; P=0.029) were significant independent
predictors of RP in ESCC patients. COPD, pulmonary infection, V20 have been
integrated for the RP nomogram. The rate of RP was significantly reduced in the
V20<21.45% group. Further analysis indicated that the old age, diabetes, higher V20,
and higher MLD were risk factors for grade 4 or higher RP. The area under the curve
(AUC) value for V20 was 0.73 (95% Cl, 0.567-0.893, P < 0.05).

Conclusion: We have determined the risk factors of RP and grade 4 or higher RP
in ESCC patients after radiotherapy. MLD, V20, COPD were independent factors
for RP. It was necessary to take measures to reduce or avoid the occurrence of
RP for patients with these risk factors at the early stage.
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Esophageal carcinoma (EC) is one of the most common
malignancies worldwide and there were nearly 604 thousand
newly diagnosed cases of EC worldwide in 2020 (1). In China, the
incidence and mortality of EC are higher (2), and according to the
National Cancer Center, EC was the sixth most common cancer and
the fifth most common cause of cancer-related deaths in 2016.
Esophageal squamous cell carcinoma (ESCC) was the most
common pathologic type, accounting for 90% of cases (3-5). Due
to the lack of early symptoms and signs of EC, most patients have
already lost the opportunity for surgery when diagnosed. Therefore,
radiotherapy is one of the most important treatments for EC
patients and has an irreplaceable position in the treatment of EC.

The esophagus has distinctive anatomical features that are
closely related to the lungs. In the process of radiation for EC,
lung tissue will inevitably be injured by radiation. The physiological
characteristics of lung tissue are sensitive to radiation, therefore RP
is one of the most common complications of radiation for EC (6).
RP limits the radiation dose to the primary tumor and decreases the
rate of local tumor control. High-grade RP severely affects the
quality of life and long-term survival rate of patients. Continuous
technological advances in radiotherapy have made it possible to
apply radiation more precisely to the tumor while minimizing the
dose to normal tissues, but the incidence of RP is still high (7, 8).
The current treatment of RP mainly relies on symptomatic
management such as glucocorticoids and antimicrobial drugs,
which are poorly controlled in terms of overall efficacy (9). It is
essential to predict the occurrence of RP at an early stage and to
identify the relevant risk factors affecting the development of RP.

Materials and methods

From January 2015 to October 2021, 477 ESCC patients were
enrolled and were assessed retrospectively in the Affiliated People’s
Hospital of Jiangsu University. All these patients received
radiotherapy for primary lesions or mediastinal metastatic lymph
nodes. Inclusion criteria were: (1) pathologically confirmed ESCC,
(2) completed radiotherapy course and complete clinical records,
(3) an Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0-2. Exclusion criteria were: (1) patients with
contraindications to radiotherapy, (2) interruption of
radiotherapy due to severe cardiopulmonary dysfunction
(unrelated to radiotherapy), (3) patients had any other primary
tumors or distant metastases. All patients were divided into two
groups: the RP group and the No-RP group. The following
indicators were recorded: gender, age, smoking, cT category, cN
category, surgery, COPD, diabetes, occurrence of pulmonary
infection during radiotherapy, leucopenia, hemoglobin, whether
concurrent chemoradiotherapy was performed, radiation
modality, whether reirradiation, PTV volume, radiotherapy dose,
V5, V20, V30, MLD.

The radiotherapy equipment was Siemens Oncor and
Medtronic Synergy VMAT linear accelerator, and the planning
system was Pinnacle3. All patients received 3D-CRT or IMRT with
involved field radiotherapy, and all the plans were implemented
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using linear accelerator and multileaf grating. The GTV, CTV and
PTV were delineated according to the ICRU50 and ICRU62 reports.
RT doses ranged from 41.4 to 64.8 Gy with a median dose of 54 Gy.
Primary EC foci and mediastinal metastatic lymph nodes were
placed externally 0.5 cm around and 2 ¢cm above and below for
CTV, and 0.5 cm outside of the CTV and 1 cm above and below for
PTV. The delineation of organs at risk (OARs) based on the
Radiotherapy and Oncology Group (RTOG) guidelines. The dose
constraints were defined as follows: total lungs: V5 <70%, V20
<30%, V30 <18%, maximum point dose of the spinal cord <45 Gy;
heart: V30 <40%, V40 <30%. All radiotherapy plans were certified
according to standard requirements. The total prescribed dose of
radiotherapy was determined on an individual patient basis at 1.8
2.0 Gy per fraction, once daily, and 5 fractions per week.

Adverse events (AEs) were evaluated according to National
Cancer Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) version 4.0. The severity of radiation pneumonitis
was graded according to the RTOG criteria.

Statistical analysis

All statistical analyses were performed using SPSS (version 26.0;
IBM Corporation, Armonk, NY, USA). Categorical variables were
presented as numbers and percentages, and groups were compared
using the 2 test. Continuous variables were presented as means
and standard deviations or percentiles, and groups were compared
using the one-way ANOVA or the nonparametric Mann-Whitney
U test. Logistic regression analysis was performed for those with
significant single-factor analysis. A two-sided P <0.05 was
considered statistically significant. The nomogram applied to
construct the scoring system was developed with independent risk
factors based on multivariate logistic analysis using the rms package
in R (version 3.6.0, R Development Core Team).

Results
Patient characteristics

A total of 502 ESCC patients were enrolled in this study,
including 353 men (74.0%) and 124 women (26.0%), with a
median age of 68.4 + 8.3 years (range: 32-88). Details of patient
characteristics were shown in Table 1. Twenty-five patients were
excluded according to the criteria. Finally, 477 patients were
included. A detailed flowchart of patient selection was shown in
Figure 1. 106 patients developed RP. 48 patients exhibited only
grade 1 RP. The remaining were 9 patients with grade 2, 42 patients
with grade 3, 4 patients with grade 4, and 3 patients with grade 5.
Three patients died of RP. We found that 5 patients had RP during
radiotherapy, 34 patients occurred within the first month after the
end of radiotherapy, 36 patients occurred within the second month
after the end of radiotherapy. In addition, there were 14 patients
occurred RP in the third month after radiotherapy, and 17 patients
occurred RP in the 3-6 months after the radiotherapy.
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TABLE 1 Patient characteristics (n=477).

Variable All patients n=477 (%) RP-Group n=106(%) No-RP Group n=371(%) P-value
Gender
Male 353(74.00) 81(76.42) 272(73.32) 0.521
Female 124(26.00) 25(23.58) 99(26.68)
‘ Agel(years)
<65 151(31.66) 30(28.30) 121(32.61) 0.400
>65 326(68.34) 76(71.70) 250(67.39)
‘ Smoking
No 292(61.22) 61(57.55) 231(62.26) 0379
Yes 185(38.78) 45(42.45) 140(37.74)
‘ cT category
1 51(10.69) 14(13.21) 37(9.97) 0328
2 178(37.32) 40(37.74) 138(37.20)
3 163(34.17) 39(36.79) 124(33.42)
4 85(17.82) 13(12.26) 72(19.41)

cN category

cNO 156(32.70) 29(27.36) 127(34.23) 0.183
N+ 321(67.30) 77(72.64) 244(65.77)

‘ Surgery
No 371(77.78) 88 283 0.664
Yes 106(22.22) 23 83

‘ COPD
No 345(72.33) 64(60.38) 281(75.74) 0.002
Yes 132(27.67) 42(11.32) 90(24.26)

‘ Diabetes
No 430(90.15) 94(88.68) 336(90.57) 0.565
Yes 47 (9.85) 12(11.32) 35(9.43)

Pulmonary infection

No 223(46.75) 30(28.30) 193(52.03) 0.000
Yes 254(53.25) 76(71.70) 178(47.98)

‘ Leucopenia
0-2 302(63.31) 57 (53.77) 245(66.04) 0.021
3-4 175(36.69) 49(46.23) 126(33.96)

Concurrent chemoradiotherapy

No 202(42.35) 37(34.91) 165(44.47) 0.079

Yes 275(57.65) 69(65.09) 206(55.53)

Radiation modality

3D-CRT 88(18.45) 25(23.58) 63(16.98) 0.122

IMRT 389(81.55) 81(76.42) 308(83.02)

(Continued)
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TABLE 1 Continued

Variable All patients n=477 (%) P-value

RP-Group n=106(%)

No-RP Group n=371(%)

Reirradiation

No 428(89.73) 98(92.45) 330(88.95) 0.295
Yes 49(10.27) 8(7.55) 41(11.05)
Hemoglobin Concentration at the 117(106,127) 118.5(107,127.0) 117.0(105.0,127.0) 0.234
beginning of RT(g/L)
PTV volume(cm®)
<160 40(8.39) 3(2.83) 37(9.97) 0.019
=160 437(91.61) 103(97.17) 334(90.03)
Radiotherapy dose (Gy) 5400(5050, 6120) 5400(5040,6120) 5400(5040,6020) 0.263
V5(%) 50.99(45.61, 54.52) 52.00(49.30,56.00) 50.65(45.00,54.14) 0.041
V20(%) 21.06(18.25, 22.64) 21.99(19.33,23.00) 21.00(17.82,22.53) 0.000
V30(%) 11.17(8.01,13.42) 12.06(9.57,14.00) 10.88(7.95,13.11) 0.000
MLD(Gy) 11.13(10.00,12.10) 11.36(10.71,12.39) 11.00(10.00,12.00) 0.007

Univariate and multivariate analysis of RP
after radiotherapy for ESCC

In the univariate analysis, COPD, pulmonary infection that
occurring during RT, leucopenia, PTV volume, dosimetric factors
(V5, V20, V30, and MLD) were associated with RP (P<0.05)
(Table 2). Additionally, gender, age, smoking, concurrent
chemotherapy, radiation modality, reirradiation, hemoglobin
concentration at the beginning of RT, radiotherapy dose was not
risk factors of RP (P > 0.05). Logistic regression analysis showed
that COPD, the occurrence of pulmonary infection during RT, and
elevated V20 were independent risk factors for RP in patients with
ESCC (P < 0.05) (Table 2).

A nomogram was constructed to predict the risk of RP in ESCC
patients treated with radiotherapy. This model included three
predictors: (Figure 2A): COPD (Yes=1 or N=0), the occurrence of
pulmonary infection during RT (Yes=1 or No=0) and V20. For

Esophageal squamous cell carcinoma (ESCC)
Radiotherapy
Between January 2015 and October 2021(n=502)

Exclusion(n=25)
Contraindications to radiotherapy(n=1)
ion of radi y(n=2)
Patients had any other primary tumors or distant
metastases(n=22)

Analyzed(n=477)
Pathologically confirmed ESCC
‘Completed radiotherapy course
Completed clinical records
ECOG PS of 0-2

[_l_‘

Radiation Pneumonitis Non- Radiation
(n=106) Pneumonitis(n=371)

FIGURE 1
Flowchart of participant selection.
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example, a patient with COPD, pulmonary infection, V20 (25%)
was given a total of 110 points for RP (13 points for COPD, 24
points for pulmonary infection, 83 points for V20). This indicated
that the risk of RP was over 40% in this patient. The calibration
curve showed that this diagnostic nomogram had a good calibration
(Figure 2B). Moreover, decision curve analysis (DCA) was applied
to evaluate the clinical utility of the diagnostic nomogram, as shown
in Figure 2C.

The optimal cutoff values for
dosimetry parameters

The optimal cutoft values for the dosimetry parameters were
confirmed using a receiver operating characteristic (ROC) curve. As
shown in Table 3. Controlling V5 within 51.47%, V20 within
21.45%, V30 within 10.54%, and MLD within 10.98% could
protect patients from RP and reduced the probability of
RP significantly.

Univariate analysis for risk factors of grade-
4 or higher RP

A portion of patients developed grade 4 or higher RP (7 of 106),
which was life-threatening or even fatal. In this study, three patients
died of RP. To reduce the risk of patients developing grade 4 or
higher RP and to find common risk factors affecting these patients,
we reanalyzed 106 patients with RP, which were shown in Table 4.

Univariate analysis showed that age, diabetes, high V20 and
MLD were significantly associated with the occurrence of grade 4 or
higher RP (P< 0.05). The ROC curve was performed to analyze age,
diabetes, V20, and MLD levels separately for predicting RP and to
determine the area under the curve (AUC) and the optimal cut-off

frontiersin.org
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TABLE 2 Univariate and multivariate analysis for risk factors of RP in 477 ESCC patients.

Variable RP-Group No-RP Group Univariate Multivariate OR  95%
n=106(%) n=371(%) analysis, P- analysis, P- Cl
value value
Gender
Female 81(76.42) 272(73.32) 0.521 0.512-
Male 25(23.58) 99(26.68) 1.404
‘ Age(years)
<65 30(28.30) 121(32.61) 0.400 0.762-
>65 76(71.70) 250(67.39) 1.972
‘ Smoking
No 61(57.55) 231(62.26) 0.380 0.785-
Yes 45(42.45) 140(37.74) 1.887
‘ cT category
1 14(13.21) 37(9.97) 0.155
2 40(37.74) 138(37.20)
3 39(36.79) 124(33.42)
4 13(12.26) 72(19.41)
‘ cN category
cNo 29(27.36) 127(34.23) 0.185 0.857-
N+ 77(72.64) 244(65.77) 2229
Surgery 0.664 0.530-
1.499
88 283
23 83
‘ COPD
No 64(60.38) 281(75.74) 0.002 1.299- 0.017 1.821 | 1.111-
Yes 42(11.32) 90(24.26) 3.232 2.985
‘ Diabetes
No 94(88.68) 336(90.57) 0.566 0.612-
Yes 12(11.32) 35(9.43) 2.454
‘ Pulmonary infection
No 30(28.30) 193(52.03) 0.000 1.718- 0.000 2.528 | 1.530-
Yes 76(71.70) 178(47.98) 4391 4.177
‘ Leucopenia
0-2 57 (53.77) 245(66.04) 0.022 1.079- 0.237 1326 0.831-
3-4 49(46.23) 126(33.96) 2.591 2.117
‘ Concurrent chemoradiotherapy
No 37(34.91) 165(44.47) 0.080 0.954-
Yes 69(65.09) 206(55.53) 2.340
‘ Radiation modality
3D-CRT 25(23.58) 63(16.98) 0.124 0.392-
IMRT 81(76.42) 308(83.02) 1.119
‘ Reirradiation
No 98(92.45) 330(88.95) 0.298 0.298-
Yes 8(7.55) 41(11.05) 1.448
Hemoglobin Concentration at the 118.5(107,127.0) 117.0(105.0,127.0) 0.355 0.993-
beginning of RT(g/L) 1.019
(Continued)
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TABLE 2 Continued

Variable

RP-Group
n=106(%)

No-RP Grou
n=371(%)

p Univariate

analysis, P-
value

10.3389/fonc.2023.1198872

Multivariate
analysis, P-

value

PTV volume(cm?)
<160 3(2.83) 37(9.97) 0.029 1.149- 0.351 1847 | 0.509-
2160 103(97.17) 334(90.03) 12,591 6.698
Radiotherapy dose(Gy) 5400(5040,6120) 5400(5040,6020) 0.305 1.000-
1001
V5(%) 52.00(49.30,56.00) 50.65(45.00,54.14) 0.012 1.006- 0.910 1003 | 0.959-
1.049 1.048
V20(%) 21.99(19.33,23.00) 21.00(17.82,22.53) 0.000 1.063- 0.039 1129 | 1.006-
1.199 1.266
V30(%) 12.06(9.57,14.00) 10.88(7.95,13.11) 0.009 1.019- 0.744 1013 | 0.937-
1.141 1.095
MLD(Gy) 11.36(10.71,12.39) 11.00(10.00,12.00) 0.001 1.069- 0.881 0.980 | 0.749-
1322 1282

value. The results showed that V20 was the best predictor (P<0.05)
with an AUC of 0.73 (95%CI:0.567-0.893), an optimal cut-off value
of 21.18%. Figure 3 showed the ROC curve of V20 for predicting the
occurrence of grade 4 or higher RP.

Discussion

EC is a common gastrointestinal cancer, and squamous cell
carcinoma and adenocarcinoma are the main pathologic subtypes
of EC. In China, predominant histological type of EC is squamous
cell carcinoma (approximately 90%) (4, 5). Radiotherapy plays an
essential role in cancer treatment, especially in ESCC, which is
highly sensitive to radiation. Radiotherapy increases the survival
rate and improves the prognosis of EC patients by reducing the risk
of distant metastasis and relapse. The higher radiation doses have

been associated with the superior local control rate of ESCC (10).
However, radiotherapy can cause various AEs, and RP is one of the
most common AEs in EC. RP is a major factor limiting the dose of
radiotherapy, which not only influences the completion of
radiotherapy but also decreases the survival benefit of the patient,
especially for grade 4-5 RP. The aim of the present study was to
determine the risk factors associated with the occurrence of RP and
grade 4 or higher RP in ESCC patient receiving radiotherapy. Our
study showed that the incidence of RP in ESCC patients was 22.2%
and the incidence of grade 4 and grade 5 RP was 1.5%, which is
similar to the previous reports (11, 12).

In recent years, clinical practitioners have tried to find the most
applicable risk factors for predicting RP, such as age (13-15),
smoking (16, 17), and relevant dosimetry parameters in RT (18-
20), but the results were still contradictory. In the present study,
there were no statistically significant differences between smoking
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FIGURE 2
Nomogram of the probability of RP in the ESCC patients. (A) Nomogram of the probability of RP. (B) Calibration curve of the nomogram. (C) DCA of
the nomogram.
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TABLE 3 The optimal cutoff value for dosimetric parameter to protect

from RP.

Variable RP Group No- RP Group P-Value

V5
<51.47 44 214 0.003
>51.47 62 157

V20
<21.45 44 218 0.002
22145 62 153

V30
<10.54 32 175 0.002
>10.54 74 196

MLD
<10.98 30 161 0.005
21098 76 210

TABLE 4 Univariate analysis for risk factors of grade 4 or higher RP.

Various Grade 1-3  Grade 4-5
RP RP
Gender
Male 74 7 0.195
Female 25 0
Age 68.69 + 7.37 75.00 + 7.59 0.034
Smoking
No 58 3 0.454
Yes 41 4
COPD
No 62 2 0.111
Yes 37 5
Diabetes
No 90 4 0.035
Yes 9 3
Pulmonary infection
No 28 2 1.000
Yes 71 5
Leucopenia stage
0-2 52 5 0.447
3-4 47 2
Concurrent chemoradiotherapy
No 34 3 0.693
(Continued)
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TABLE 4 Continued
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Various Grade 1-3  Grade 4-5
RP RP
Yes 65 4
Radiation modality
3D-CRT 22 3 0.434
IMRT 77 4
Reirradiation
No 91 7 0.967
Yes 8 0
Concentration at the 117.25 + 1.57 121.29 + 4.59 0.506
beginning of RT(g/L)
PTV volume(cm®) 327.21 369.00 0.192
(244.48,409.59)  (244.00,663.22)
Radiotherapy dose(Gy) 5400 5940 0.367
(5040,6120) (5040,6300)
V5(%) 52.00 52.00 0.670
(47.00,56.00) (49.00,62.00)
V20(%) 21.88 23.00 0.042
(19.83,23.00) (22.00,27.00)
V30(%) 11.82 + 3.00 14.15 £ 3.33 0.052
MLD(Gy) 1147 £ 1.43 12.81 £ 1.79 0.019

and the occurrence of RP. Vogelius et al. reported a lower incidence
of RP in smokers compared with nonsmokers (21), whereas
Monson JM et al. reported a higher incidence of RP in smokers
(22). Whether smoking is a risk factor for RP remains a topic of
debate. Gender was not considered a risk factor for inducing RP in
our study, which is consistent with previous findings (21). We
found that there were no statistically significant differences between
age and RP. However, Jin H et al. reported that older patients may
have comorbidities and reduced lung function, which may increase
the risk of RP (16). Univariate and multifactorial analyses revealed
that COPD, pulmonary infection during RT and higher V20 were
significantly associated with the development of RP and were
independent risk factors predicting the development of RP.

The predictive value of COPD is controversial, which was
consistent previous publications (23, 24). Studies about the
occurrence of RP in EC patients combined COPD are limited.
Some studies about lung cancer have shown that patients combined
COPD had an increased risk of RP (24, 25), but other reports held
the opposite view that the risk of RP was not relevant to COPD (16,
26). Our study indicated that patients with COPD had a higher risk
of suffering from RP, while COPD was not associated with grade 4
or higher RP. Patients were more susceptible to RP if they developed
a pulmonary infection during RT. The mechanism is that lung
infections cause an increase in inflammatory cytokines, and chronic
inflammation damages lung tissue. Injured lung tissue suffered from
increased sensitivity to radiation and weakened self-healing
capacity (27). Therefore, it is important to pay special attention
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FIGURE 3

ROC curve of V20 in predicting the occurrence of grade 4 or higher RP.

and provide early intervention for patients with ESCC who have
these risk factors.

Leucopenia is a common AE of chemoradiotherapy. Univariate
analysis indicated that the rate of RP was 38.9% in the group of
grades 3-4 leucopenia, which was higher than the other group of
leucopenia stage below grade 3. The susceptibility to RP was
associated with the severity of leucopenia. The mechanism is that
radiotherapy provokes myelosuppression and decreases leucocyte,
which results in immunosuppression and susceptibility to
infection (28).

Dosimetry parameters were considered to play a crucial role in
the development of RP. It was an effective measure to reduce the
incidence of RP by controlling dosimetry parameters strictly. In the
present study, PTV-volume, V5, V20, V30, MLD were associated
with RP, but multivariate analysis indicated that only V20 was
independent influencing factor of RP. However, some researchers
suggested that V30 may be the better predictor of the occurrence of
RP based on lung cancer (29, 30). Therefore, more data are needed to
validate the dosimetry parameters that predict the incidence of RP in
ESCC. For further clinical guidance and optimization of dosimetry
parameters, we used ROC curves to determine the optimal limiting
range of relevant dosimetry parameters. The study showed that the
probability of RP was significantly lower in those with V20 <21.45%
compared with those with V20 >21.45% (20.18% vs 40.52%,
P=0.002). In clinical practice, it is very important to reduce the risk
of RP by limiting V20 to less than 21.5%.

In recent years, with the development of analytical methods, the
construction of mathematical models based on multi-index has
been increasingly applied in the field of medicine (31-33). This
approach combines a number of important parameters to generate
a predictive model to achieve a better diagnostic performance. In
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the present study, we selected the most significant indices based on
the multivariate analysis to construct a predictive model. In the
practical application of the nomogram, we only need to convert the
corresponding predictor value into the corresponding nomogram
score value, and then add the score values to obtain the total score.
Then the risk incidence corresponding to the total score is obtained,
as described in the results section. The operation of the nomogram
is simple and intuitive, without complicated calculation, less time-
consuming, easy to use and can be popularized quickly.

In our study, the incidence of RP above grade 4 was 1.5%, and
older age, diabetes, high V20 and MLD could cause grade 4 or
higher RP. Although there was no statistical difference in the
occurrence of RP in combination with diabetes, our data suggest
that the occurrence of RP in patients with diabetes leads to the
appearance of RP above grade 4. In the hyperglycemic environment
of diabetic patients, changes such as fibrin-like degeneration and fat
necrosis in the alveolar basement membrane cause increased
permeability of the vascular wall and aggravate extravasation at
sites where inflammation occurs (34). In addition, chronic
hyperglycemia could lead to the imbalance of lymphocyte,
impaired cellular immunity, result in susceptibility to various
pulmonary infections and aggravate the symptoms of RP (35). If
the ESCC patients had diabetes, the level of V20 and MLD should
be strictly controlled in order to avoid the occurrence of grade 2 or
higher RP and to alleviate the clinical symptoms of RP.

Few controlled studies have been conducted to evaluate the role
of various therapies in RP patients. For mild symptoms, clinical
observation can be considered. Glucocorticoids reduce
inflammation and inhibit lymphocyte and endothelial cell
toxicity, and systemic glucocorticoids to treat significantly
symptomatic RP; a dose of 60-100 mg/day of prednisone for 2
weeks followed by a slow taper over 3-12 weeks (36). Supportive
care with antibiotics, oxygen and anti-tussive therapy is also helpful.
However, recent advances in molecular mechanisms of RP have led
to identification of several potential targets for therapy.

In this study, we focused on the risk factors associated with the
development of RP in ESCC patients. With a detailed classification
of RP, we investigated the risk factors associated with grade 4 or
higher RP for the first time. However, there were still some
limitations: (1) the study was retrospective; (2) the number of
samples is small; (3) only ESCC were included in this study, and
esophageal adenocarcinoma needs further investigation.

In conclusion, our study confirmed the risk factors for the
occurrence of RP and RP above grade 4 for ESCC patients in RT.
Dosimetric parameters such as V20 and clinical features such as
COPD are closely related to the occurrence of RP. For patients with
these risk factors, taking effective measures at early stage will reduce
and prevent the occurrence of RP. Next, we will explore the risk
factors associated with radiation-induced pulmonary fibrosis in
order to improve the quality of patient survival.
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