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Background: Radiation pneumonitis (RP) is one of the most severe complications of radiotherapy (RT) or 
concurrent chemoradiotherapy for thoracic segment esophageal squamous cell carcinoma (TSESCC) with 
delayed diagnose by conventional computed tomography (CT). The study aimed to develop a nomogram to 
predict the risk of RP early.
Methods: Data was collected from 174 patients with clinicopathologically confirmed TSESCC from 
October 2013 to June 2020. Procalcitonin (PCT), C-reactive protein (CRP), and interleukin-6 (IL-6) levels 
in serum were dynamically monitored during radiotherapy. Lasso analysis was used for feature screening 
before multivariate logistic regression analysis to reduce the multicollinearity of variables. A nomogram 
combined with biological factors and clinical signs for individualized risk assessment and precise prediction 
of RP was developed and assed the performance with respect to its calibration, discrimination.
Results: Of the 174 patients, 30 patients developed RP (grade ≥2) while 144 patients did not. After variable 
screening by Lasso analysis and logistics multivariate regression analysis, the predictor variables that were 
finally retained in the nomogram prediction model included IL-6, CRP, and radiotherapy techniques. The 
model displayed good discrimination with an area under the curve (AUC) of 0.898 (95% CI: 0.849–0.947), 
with the sensitivity and specificity of 0.967 and of 0.736, respectively. This model also shows good calibration 
and clinical practical value. In addition, the study provided a web-based version of the dynamic nomogram to 
facilitate clinical application.
Conclusions: The study provides a nomogram model containing IL-6, CRP, RT techniques, which could 
be conveniently used for individualized prediction of RP in patients with TSESCC during radiotherapy or 
concurrent chemoradiotherapy.
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Introduction

Esophageal cancer (EC) was ranked as the eighth most 
frequently diagnosed cancer and the sixth leading cause 
of cancer-related deaths in 2020 worldwide (1). Definitive 
chemoradiotherapy is standard care in the management of 
unresectable EC. The lung is more susceptible to radiation 
damage than any other organ (2). Radiation pneumonitis 
(RP) is one of the most severe complications of radiotherapy 
(RT) or concurrent chemoradiotherapy for thoracic segment 
esophageal squamous cell carcinoma (TSESCC) (3),  
which seriously affects the implementation of tumor 
radiotherapy and the achievement of a curative effect. The 
most common clinical manifestations of RP are cough, 
shortness of breath, chest pain, and low-grade fever, which 
can be life-threatening in severe patients due to pulmonary 
failure (4).

A variety of risk factors have been reported to be 
associated with the development of RP, of which common 
include clinical features, dosimetric parameters, treatment-
related factors as well as cytokines (2,5-8). Although 
the underlying mechanisms are not clear, it is currently 
recognized that RP is a complex process involving multiple 
cytokines, immune and inflammatory factors, especially 
inflammatory cytokines, which play an important role in 
leading to vascular endothelial and lung tissue injury (9).  
Clinical research has revealed that interleukin (IL)-1, IL-6,  
tumor necrosis factor (TNF)-α, transforming growth factor 
(TGF)-β, and platelet-derived growth factor (PDGF) are 
associated with the occurrence of RP (10). IL-6, the main 
proinflammatory interleukin of the acute lung response (11),  
induces the synthesis of acute-phase proteins, such as 
C-reactive protein (CRP), as well as other acute-phase 
reactants. Procalcitonin (PCT), as a precursor of calcitonin, 
is involved in systemic responses induced by circulating 
endotoxin and inflammatory cytokines. Studies have 
shown that PCT can distinguish infection from non-
infection (12,13), and has a differential effect on RP and 
bacterial pneumonia (14). Although the above indicators are 
predictive of RP in lung cancer, they have not been applied 
for the prediction of RP in patients with TSESCC when 
treated by radiotherapy or concurrent chemoradiotherapy.

Since the symptoms in the early stage when RP occurs 
are often atypical, how to identify them early is still a 
significant clinical problem. In clinical practice, RP could 
be diagnosed by conventional computed tomography 
(CT) images which should be performed for differential 
diagnosis whenever suspicious symptoms of RP (cough, 

fever, chest pain, or dyspnea) occur during or after 
radiotherapy. However, the CT imaging specificity changes 
were significantly delayed (3). Therefore, to identify the 
risk of RP could help to increase the irradiation dose of 
tumor while reduce normal tissue complication probability 
(NTCP). Consequently, there is an urgent clinical need 
for comprehensive indicators to be individualized and 
accurately predict RP. To this end, we developed a simple-
to-use Nomogram combined with biological factors and 
clinical signs for individualized risk assessment and precise 
prediction of RP in patients with TSESCC treated by 
radiotherapy or concurrent chemoradiotherapy. We present 
the following article in accordance with the TRIPOD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-22-582/rc).

Methods

Patients

A retrospective study was conducted on 174 patients with 
TSESCC who were pathologically diagnosed and treated 
with radiotherapy or concurrent chemoradiotherapy from 
October, 2013 to June, 2020 at the Zhongda Hospital 
affiliated with Southeast University. The inclusion criteria 
were as follows: (I) performance status (PS) (Eastern 
Cooperative Oncology Group, ECOG) score of ≤2; (II) no 
previous history of thoracic radiotherapy. The exclusion 
criteria were as follows: (I) previous pneumonectomy 
or lung metastasis; (II) patients with acute pulmonary 
infection, severe chronic bronchitis, emphysema, or 
pulmonale or other serious diseases (such as myocardial 
infarction within 6 months); (III) incomplete data due to 
loss of follow-up within 6 months after radiotherapy. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Informed consent was 
obtained from all patients. The study was approved by 
the ethics committee of Zhongda Hospital, Southeast 
University (No. 2019ZDSYLL002-Y03).

Radiotherapy

All patients received three-dimensional conformal radiotherapy 
(3DCRT) with one front field and two back oblique fields 
or fixed-field intensity modulated radiotherapy (IMRT). 
The radiotherapy target area used involved-field irradiation. 
The delineation of the target area was based on CT 
findings and other examination, such as positron emission 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-582/rc
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tomography-computed tomography (PET-CT) or upper 
gastrointestinal radiography. The gross tumor volume 
(GTV) was defined as the primary esophageal mass volume 
plus metastatic lymph node volumes in any imaging study. 
The clinical target volume (CTV) was defined to include a 
5–8 mm margin surrounding the GTV and affected lymph 
node area. The planning target volume (PTV) margin was 
determined based on esophageal tumor movement on two-
dimensional fluoroscopy. Treatment was delivered using 
6MV-X-ray Primus-m linear accelerator. The prescribed 
doses were 40 to 60 Gy at 1.8 to 2.16 Gy per fraction once 
daily and 5 fractions per week. Organs at risk (OARs) 
referred to the Radiotherapy and Oncology Group (RTOG) 
guidelines.

Measurement of biomarkers in blood samples

Serum levels of IL-6, CRP and PCT were detected before 
radiotherapy (0 week) and at 2, 4, 6, and 12 weeks after 
radiotherapy. At first, blood specimens were centrifuged 
at 1,000 rpm for 15 min at 4 ℃. Serum extracted was 
stored at −20 ℃ and tested in strict accordance with the 
kit instructions subsequently. Serum levels of IL-6 and 
PCT were detected by electrochemiluminescence using 
the COBAS8000 analyzer (Roche, Switzerland) and the 
relative kit. The serum levels of CRP were detected by 
nephelometry with the analyzer of SISTEMA BN II 
(Siemens, Germany) and the relative reagent kit. 

Clinical signs and CT examination

The clinical data, imaging information, and laboratory test 
results were obtained from the medical records of the study 
institution. Specifically, clinical data included age, gender, 
ECOG PS, smoking status, tumor location, tumor node 
metastasis (TNM) stage [American Joint Commission on 
Cancer (AJCC) 8th edition], radiotherapy technique and 
dose, and adjuvant or concurrent chemotherapy. Prescribed 
dose, mean lung dose (MLD) and lung volume receiving 
more than 20 Gy (V20) were collected from dose volume 
histograms (DVHs). The nearest chest CT was collected 
before radiotherapy to assess the patient’s lung condition. 
CT examination of the entire lung was performed using 
a multi-slice spiral technique with a slice thickness of 5 
mm. CT imaging features was extracted by one of authors, 
while referring to the recommendations and CT reports 
of professional imaging physicians in our radiological 
institution. The imaging features (15) (reticular pattern, 

ground-glass opacity, linear opacities, bronchiectasis, 
emphysema) were extracted to explore the influence of 
different imaging features on RP.

Evaluation of RP

Patients underwent chest CT for assessment during 
radiotherapy and 1, 3, and 6 months after radiotherapy. 
If suspicious symptoms of RP (such as cough, fever, chest 
tightness or dyspnea) occur during follow-up, laboratory 
tests and chest CT should be performed for differential 
diagnosis. The diagnosis of RP was mainly based on a 
history of radiotherapy in the past 6 months; symptoms 
such as cough, fever, or chest pain were present; patchy 
shadows, linear opacities, and honeycombs were observed 
around the irradiated lung; exclusion of pulmonary 
infection, pulmonary congestion and other diseases. RP was 
graded according to the National Cancer Institute Common 
Toxicity Criteria for Common Terminology Criteria for 
Adverse Events (CTCAE 5.0).

Statistical analysis and nomogram development

Data analysis was calculated using the Statistical Package 
for Social Sciences (SPSS for Windows, version 26.0) and 
R software (version 3.6.1). The χ2 test was used to analyze 
categorical variables, and the Mann-Whitney U test was 
used for continuous variables that did not meet the normal 
distribution. P values on both sides <0.05 were considered 
statistically significant. In order to avoid ignoring important 
clinical features, factors with P<0.1 in clinical features were 
analyzed by multivariate analysis. Correlation test was 
conducted before multivariate analysis to avoid multiple 
correlation between variables interfering with the accuracy 
of multivariate analysis. The variables with multiple 
correlations were screened by Lasso to obtain the variables 
with large contributions. Variables without multiple 
correlation can be analyzed directly by logistic regression 
analysis. Nomograms were constructed for factors that 
were statistically significant in the multivariate analysis  
(Figure S1). The area under the receiver operating 
characteristic (ROC) was used to evaluate the discrimination 
of the model. Calibration curves with 1,000 bootstrap 
resamples were used to compare predicted and actual 
probabilities, and clinical utility was assessed with decision 
curve analysis (DCA) (16). Besides, the web-based version 
of the dynamic nomogram was established to facilitate 
clinical utility.

https://cdn.amegroups.cn/static/public/TCR-22-582-Supplementary.pdf
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Results

Patient characteristics and incidence of RP

Characteristics of the 174 eligible TSESCC patients are 
summarized in Table 1. Of these, the median age was 65 years  
(range, 21–89 years) and tumors were located in the middle 
and lower of thoracic esophagus mostly (77.6%). A total of 
128 patients (73.6%) received concurrent chemoradiation 
or induction chemotherapy. Most patients (81.6%) were 
treated with IMRT. As for the dose parameters, the median 
of the prescribed dose was 46 Gy (range, 40–60 Gy) and 
median MLD, V20 of lung was 11.52 Gy, 21% respectively. 
According to CTCAE5.0, Grade 5 RP occurred in 1 case. 
The percentages of different grade RP were 14.3% (25 
cases of grade 1), 12.6% (22 cases of grade 2), 2.87% (5 
cases, grade 3), and 1.15% (2 cases grade 4), respectively. 
According to the time of occurrence of RP, among the 30 
patients with RP (grade ≥2), there were 4 cases in 4 weeks 
of radiotherapy, 18 cases occurred between weeks 6 and 10, 
4 cases in 12 weeks, 3 cases in 16 weeks and 1 case in 18 
weeks. Univariate analysis showed that TNM stage and V20 
were significantly associated with the risk of RP (P<0.05).

Dynamic changes in cytokine levels during radiotherapy or 
concurrent chemoradiotherapy

The cytokine levels at pre-radiotherapy (0), and 2, 4, 6, 
and 12 weeks after radiotherapy initiation are presented 
in Figure 1. There were no differences in cytokine levels 
between the RP and non-RP group before radiotherapy. 
During radiotherapy or concurrent chemoradiotherapy, the 
levels of IL-6 and CRP in the RP group began to increase 
at 2 weeks, and reached the peak at 6 weeks, which was 
different from that in the non-RP group (P<0.05). Unlike 
IL-6 and CRP, there was no significant difference in PCT 
levels between the two groups at different stages (P>0.05).

Risk factors combined with biomarkers and clinical signs 
for RP

Spearman correlation analysis was performed on biomarkers 
and clinical signs associated with RP, indicating a strong 
correlation between cytokines. As shown in Table S1  
and Figure 2,  the correlation coefficients between 
cytokines was 0.805 (IL-6_4W and IL-6_6W), 0.738  
(IL-6_6W and CRP_6W), 0.741 (IL-6_6W and IL-6_12W), 
0.713 (IL-6_6W and CRP_12W), 0.733 (CRP_12W 

and CRP_6W) and 0.752 (CRP_12W and IL-6_12W) 
respectively. The correlation coefficient threshold between 
predictor variables of |r|≥0.7 was considered a suitable 
indicator when collinearity began to seriously distort 
model estimation and subsequent prediction (17,18). To 
lessen the multicollinearity, the least absolute shrinkage 
and selection operator (LASSO) algorithm was used to 
select the most valuable variable for RP discrimination 
by regulating the parameter λ. As shown in Figure S2, a  
10-fold cross validation was performed. The following three 
features were screened from eight features according to the 
LASSO analysis (Table S2): IL-6 at 2 weeks, CRP at 6 weeks 
and CRP at 12 weeks. In clinical practice, most of the RP 
occurred between 6 and 10 weeks after radiotherapy which 
confirmed by CT with delayed specificity image changes (3).  
To be able to predict RP in time and reduce the effect of 
multicollinearity on the model, cytokine levels in CRP at 
12 weeks were not used for prediction. Multivariate analysis 
was performed for clinical factors with P<0.1 in univariate 
analysis and cytokines selected by lasso. Multivariate logistic 
regression analysis identified the IL-6 at 2 weeks, CRP at  
6 weeks and RT techniques as independent predictors (Table 2).

A simple-to-use nomogram developed for prediction the 
risk of RP

Based on the multivariate analysis, a simple-to-use 
nomogram model was built to predict the risk of RP, 
which included IL-6 at 2 weeks, CRP at 6 weeks and 
RT techniques (Figure 3A). To facilitate clinical use, we 
developed a dynamic nomogram using the “Dynnom” 
package of R software, this dynamic model is available 
at this web address (https://qtnomogram.shinyapps.io/
dynnomapp/). The left interface of the dynamic nomogram 
can set parameters, and the probability and confidence 
interval of RP occurrence are displayed in the right interface 
(Figure 3B). The area under the curve (AUC) of the 
predictive model was 0.898 [95% confidence interval (CI): 
0.849–0.9475], which was superior to each predictor alone 
(RT techniques: 0.570, 95% CI: 0.452–0.688; IL-6_2W: 
0.808, 95% CI: 0.725–0.891; and CRP_6W: 0.819, 95% CI: 
0.740–0.897) (Figure 4A). The sensitivity of this model was 
0.967 and the specificity was 0.736. The cutoff values of IL-
6_2W and CRP_6W were 19.17 pg/mL and 30.25 mg/L,  
respectively. Additionally, the calibration curve (1,000 
bootstrap resamples) showed favorable agreement between 
the prediction by nomogram and the actual observation 

https://cdn.amegroups.cn/static/public/TCR-22-582-Supplementary.pdf
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Table 1 Patients characteristics (n=174) 

Clinical feature Sum, n (%) RP, n (%) Non-RP, n (%) χ2 P

Age (years) 0.461 0.497

<65 91 (52.2) 14 (46.7) 77 (53.5)

≥65 83 (47.8) 16 (53.3) 67 (46.5)

Sex 2.724 0.098

Male 130 (74.7) 26 (86.7) 104 (72.2)

Female 44 (25.3) 4 (13.3) 40 (27.8)

PS 0.1 0.751

0–1 151 (86.8) 25 (83.3) 126 (87.5)

2 23 (13.2) 5 (16.7) 18 (12.5)

Smoking 1.924 0.165

Yes 62 (35.6) 14 (46.7) 48 (33.3)

No 112 (64.4) 16 (53.3) 96 (66.7)

TNM stage 8.94 0.003*

I–II 65 (37.4) 4 (13.3) 61 (42.4)

III–IV 109 (62.6) 26 (86.7) 83 (57.6)

Position 2.55 0.279

Upper 39 (22.4) 6 (20.0) 33 (23.0)

Middle 86 (49.4) 12 (40.0) 74 (51.3)

Lower 49 (28.2) 12 (40.0) 37 (25.7)

COPD 3.154 0.076

Yes 37 (21.3) 10 (33.3) 27 (18.8)

No 137 (78.7) 20 (66.7) 117 (81.2)

Reticular pattern 0.743 0.607

Yes 16 (9.2) 4 (13.3) 12 (8.3)

No 158 (90.8) 26 (86.7) 132 (91.7)

Ground-glass opacity 0.251 0.616

Yes 57 (32.8) 11 (36.7) 46 (31.9)

No 117(67.2) 19 (63.3) 98 (68.1)

Linear opacities 0.407 0.523

Yes 113 (64.9) 21 (70.0) 92 (63.9)

No 61 (35.1) 9 (30.0) 52 (36.1)

Bronchiectasis 0.003 1.000

Yes 12 (6.9) 2 (6.7) 10 (6.9)

No 162 (93.1) 28 (93.3) 134 (93.1)

Table 1 (continued)
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(Figure 4B). Furthermore, DCA showed a good positive net 
benefit at most threshold probabilities, indicating excellent 
clinical utility (Figure 4C). Figure 5 shows a typical case 
that dynamically shows cytokines and chest CT changes 
during radiotherapy. In this case, a 66-year-old patient 
with TSESCC received three-dimensional conformal 
radiotherapy (3DCRT) with a prescription dose of  
50 Gy/25 F between November 12, 2019, and December 
16, 2019. One month after the end of radiotherapy (January 
11, 2020), he developed the cough with chest tightness. 
Chest CT in our hospital showed scattered interstitial 
changes in both lungs, especially in the irradiation 
field (Figure 5D-5F). PCT was 0.104 ng/mL, IL-6 was  
54.5 pg/mL, and CRP was 125 mg/L. RP was considered 
in combination with patient’s medical history and auxiliary 
examination. After glucocorticoid treatment, the patient’s 
chest tightness and cough symptoms were significantly 

improved. Repeat chest CT (January 19, 2020) showed 
that the interstitial change was significantly absorbed than 
before (Figure 5G-5I). PCT was 0.092 ng/mL, IL-6 was 
23.21 pg/mL, and CRP was 24.3 mg/L. A review of the 
radiotherapy process showed that during the radiotherapy 
period (2 and 6 weeks), IL-6 and CRP were higher than 
normal levels. IL-6 was 22.7 and 27.6 pg/mL, respectively, 
and CRP was 11.1 and 69.2 mg/L, while PCT was within 
the normal range. At this time (December 10, 2019), CT 
imaging showed no inflammatory exudation (Figure 5A-5C), 
and the patient had no fever, cough, chest pain, dyspnea or 
other infectious symptoms. The nomogram in this paper 
predicts 89.9% probability of RP in this patient. Therefore, 
patients who receive 3DCRT radiotherapy, with persistently 
elevated IL-6 and CRP above the normal range in plasma 
during treatment (2 weeks, 6 weeks), should be alert to the 
occurrence of RP.

Table 1 (continued)

Clinical feature Sum, n (%) RP, n (%) Non-RP, n (%) χ2 P

Emphysema 0.6 0.438

Yes 59 (33.9) 12 (40.0) 47 (32.6)

No 115 (66.1) 18 (60.0) 97 (67.4)

RT techniques 3.255 0.071

3DCRT 32 (18.4) 9 (30.0) 23 (16.0)

IMRT 142 (81.6) 21 (70.0) 121 (84.0)

MLD (Gy) 0.659 0.417

<13 121 (69.5) 19 (63.3) 102 (70.8)

≥13 53 (30.5) 11 (36.7) 42 (29.2)

Prescribed dose (Gy) 0.71 0.399

<54 166 (95.4) 30 (100.0) 136 (94.4)

≥54 8 (4.6) 0 (0.0) 8 (5.6)

V20 (%) 4.139 0.042*

<25 120 (69.0) 16 (53.3) 104 (72.2)

≥25 54 (31.0) 14 (46.7) 40 (27.8)

Chemotherapy 1.779 0.182

Yes 128 (73.6) 25 (83.3) 103 (71.5)

No 46 (26.4) 5 (16.7) 41 (28.5)

*P<0.05. RP, radiation pneumonitis; PS, performance status; COPD, chronic obstructive pulmonary disease; RT, radiotherapy; 3DCRT, 
three-dimensional conformal radiotherapy; IMRT, intensity modulated radiotherapy; MLD, mean lung dose; V20, lung volume receiving 
more than 20 Gy.
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Figure 1 Changes in the levels of IL-6, CRP and PCT in plasma 
of patients during treatment and follow-up. (A) The serum levels 
of IL-6 were statistically different after 2 weeks between RP 
group and non-RP group (P<0.05). (B) The CRP levels in the 
plasma of the RP group showed a significant difference from those 
of the non-RP group after 2 weeks (P<0.05). (C) The levels of 
PCT showed no significant difference comparing the RP group 
to non-RP groups (P>0.05) during radiotherapy or concurrent 
chemoradiotherapy. *P<0.05. IL-6, interleukin-6; CRP, C-reactive 
protein; PCT, procalcitonin; RP, radiation pneumonitis.
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Table 2 Multivariate analysis of risk factor for RP 

Intercept and 
variable

β Odds ratio (95% CI) P

Intercept −7.210 – <0.000

IL6_2W 0.178 1.194 (1.072–1.330) 0.001*

CRP_6W 0.034 1.035 (1.016–1.053) 0.000*

COPD 0.409 1.505 (0.436–5.200) 0.518

Stage 1.028 2.795 (0.714–10.938) 0.140

Sex −0.483 0.492 (0.156–2.444) 0.492

V20 0.797 2.219 (0.742–6.637) 0.154

RT techniques 1.911 6.757 (1.848–24.71) 0.004*

*P<0.05. RP, radiation pneumonitis; IL-6, interleukin-6; CRP, 
C-reactive protein; W, week; COPD, chronic obstructive 
pulmonary disease; V20, lung volume receiving more than 20 Gy;  
RT, radiotherapy.
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Discussion

RP represents the acute expression of radio-induced lung 
damage and is a limiting toxicity affecting its therapeutic 

outcome (4). As a common side effect of radiotherapy for 

EC, its incidence is 5.7–35.0% (2,19,20), and the incidence 

of RP (grade ≥2) in this study was 17.2%, which is consistent 

Figure 3 A simple-to-use nomogram for prediction the risk of RP. (A) The nomogram was developed incorporating the IL-6 at 2 weeks, 
CRP at 6 weeks, and RT techniques. (B) Operation interface of nomogram on the web page. The corresponding probability of RP can be 
obtained by inputting IL-6_2W, CRP_6W and RT techniques (IMRT or 3DCRT) on the left side of the patient. RP, radiation pneumonitis; 
IL-6, interleukin-6; CRP, C-reactive protein; W, week; RT, radiotherapy; IMRT, intensity modulated radiotherapy; 3DCRT, three-
dimensional conformal radiotherapy.
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Figure 4 Predictive performance of the nomogram. (A) ROC 
curves of IL-6_2W, CRP_6W, RT techniques. (B) Calibration 
curve of the nomogram predicting the risk of radiation 
pneumonitis. The x-axis and y-axis indicate the predicted and actual 
probabilities of radiation pneumonitis, respectively. (C) Decision  
curves of IL-6_2W, CRP_6W, RT techniques and the prediction 
model predicting RP. The x-axis represents the threshold 
probability, and the y-axis represents the net benefit rate after the 
benefit minus the hazard. ROC, receiver operating characteristic 
curve.

with previous studies. We also found that RP occurred 
mostly 6–10 weeks after radiotherapy, and 18 patients 
in this study developed grade ≥2 RP within 6–10 weeks  
(60%), similar to the results of prospective clinical study, in 
which the incidence of RP reached 44% within 6–8 weeks 
of treatment (21). 

The exact molecular mechanism of RP is still unclear 
because of its complex pathological mechanisms. According 
to the current understanding (8,22), damaged epithelial 
cells and endothelial cells produce a series of damage-
associated molecular patterns (DAMPs), release a large 
number of cytokines, activate immune cells, and these 
factors interact to lead to the occurrence of RP. RP 
could have an evolutionary trend with signs occurring at 
hours to days of immune cell infiltration damage to type 
I pneumocyte releasing cytokines; followed by weeks to 
months of inflammatory cells recruitment by cytokines 
leading to pneumonitis (2). Several studies have evaluated 
cytokine levels associated with lung damage secondary to 
radiation exposure and have reported that cytokines play an 
indispensable role in the development of RP (5-8,10,23,24).  
However, it is difficult to select the most appropriate 
cytokine among numerous cytokines able to predict RP. The 
main proinflammatory interleukins of acute lung response 
are IL-1 and IL-6 (11). A prospective study investigated 
changes in IL-6, IL-10, and TNF-α at baseline, every  
2 weeks during radiotherapy, and at the end of radiotherapy. 
In their study, the changes of IL-6 and IL-10 were 
significantly different between RP and non-RP groups after 
2 weeks of radiotherapy. They suggested that early changes 
in IL-6 and IL-10 levels, especially opposing variations in 
these cytokines, may be relevant as predictors of RP (21). 
Several studies have shown that IL-6 has a discriminatory 
role between RP and non-RP (5,21,23). Jeong et al. (5) 
reported that IL-6 levels were significantly increased in the 
plasma of patients 3 weeks after radiotherapy and proposed 
the importance of early changes in cytokine levels for 
predicting the development and severity of RP. Accordingly, 
this study not only found early changes in IL-6, but 
also found the same changes in CRP. This phenomenon 
occurs because IL-6, as a key cytokine in the inflammatory 
response, can induce the synthesis of acute phase proteins 
such as CRP (25). Similarly, in a recent study of patients 
with RP treated with glucocorticoids (9), it was found that 
the therapeutic effects improved as CRP levels decreased 
significantly. In addition, at the onset of RP, the number 
of CD4+ T cells was significantly reduced and CRP levels 
were correspondingly increased as the degree of RP injury 
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increased. As expected, PCT levels were consistent between 
patients with and without RP during radiotherapy and 
during follow-up, because RP is an aseptic inflammation 
essentially. However, no prediction model for IL-6 has been 
established. Additionally, the inflammatory state is not static, 
dynamic analysis may be more informative. Therefore, the 

present study employed dynamic monitoring of cytokine 
during radiotherapy or concurrent chemoradiotherapy. IL-6 
and CRP were found to be effective predictors of RP. 

With the development of imaging technology and 
the rise of radiomics, increasing studies have focused on 
combining radiomics with clinical features to predict the 

Figure 5 A typical case of the chest CT imaging and interleukin-6 dynamic changes in patients with TSESCC after radiotherapy. (A-C) 
Lung imaging when cytokines were altered; (D-F) scattered interstitial changes in both lungs at the onset of radiation pneumonitis; (G-I)  
interstitial changes after glucocorticoid treatment are more absorbed than before. Dynamic changes of IL-6 and CRP in plasma. CT, 
computed tomography; IL-6, interleukin-6; CRP, C-reactive protein; PCT, procalcitonin.
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occurrence of RP (20,26,27). However, the repeatability 
of features is doubtful as the equipment model varies from 
hospital to hospital. Thus, we adopted the traditional 
imaging extraction method to extract the imaging features. 
Imaging signs were defined according to the 2008 Fleischner 
Society Guide to the Glossary of Chest Imaging (15),  
and included reticular pattern, ground-glass opacity, 
linear opacities, bronchiectasis, and emphysema. In our 
study, we extracted the features of the chest CT of the 
patients before radiotherapy. Lee et al. observed interstitial 
change in the pre-radiation therapy chest CT scan was the 
only clinical factor associated with RP (28). Pulmonary 
fibrosis is positively correlated with RP in patients with 
EC, suggesting that pulmonary fibrosis is an independent 
risk factor for RP (grade =3) (29). However, there was no 
statistically significant difference in interstitial pneumonitis-
related characteristics in our study. We consider the reason 
for this phenomenon to be related to the separate analysis 
of each feature of pulmonary fibrosis.

Lee e t  a l .  recommend that  MLD and V20 can 
predict RP effectively with cutoffs of 13.6 Gy and 25%,  
respectively (30). Tonison et al. recommend limiting 
lung V20 to less than 23% in EC patients undergoing 
chemoradiation, the risk of developing grade 2 or higher 
RP would be less than 10% (31). However, a study (32) on 
RP suggested that V20 was associated with the occurrence 
of RP, but it was not an independent risk factor for the 
development of RP, similar to the results of this study. 
Dosimetric risk factors are mostly based on lung cancer 
development. For example, a large meta-analysis on 
the occurrence of RP after chemoradiotherapy for lung  
cancer (33), it was proposed that V20 was associated with 
the occurrence of symptomatic RP independently. The 
study also concluded that patients older than 65 years had 
the highest risk of RP when receiving carboplatin/paclitaxel. 
However, disease and treatment-specific factors, as well as 
anatomical, differences between lung and esophageal tumors 
limit the transferability of risk factors from pulmonary to 
esophageal tumors. Thus, the risk factors of RP in EC still 
need to be further confirmed by prospective studies. In 
our study, radiotherapy technique with 3DCRT was found 
to be an independent risk factor for developing RP. In a 
comparative article on the efficacy of IMRT and 3DCRT 
for EC, it was demonstrated that IMRT could improve 
the survival rate and reduce the risk of RP compared with 
3DCRT (34). Similarly, in the study by Lan et al., it was 
considered that the use of 3DCRT radiotherapy technique 

was an independent risk factor for the development 
of RP (19). This may be associated with the ability of 
IMRT compared to 3DCRT to provide precise target  
coverage, reduce dose inhomogeneity and toxicity to normal 
organs (35). However, 3DCRT was not a risk factor in a 
predictive model for RP in EC (29). Inflammatory factors, 
such as systemic immune inflammation index (SII), platelet-
lymphocyte ratio (PLR), lymphocyte-monocyte ratio 
(LMR) and neutrophils-lymphocyte ratio (NLR), were also 
analyzed in their article. Among them, the rate of change 
of SII at four weeks was an independent risk factor for RP. 
The model was also validated internally and externally, 
with a predictive model C-index of 0.852. In our study, 
CRP and IL-6 were used to predict RP, and the predictive 
model C-index was 0.898, while providing a dynamic web 
prediction model to facilitate clinical use. We will perform 
external validation of the model in subsequent studies while 
comparing the above inflammatory indicators to obtain the 
best predictive model. In the present study, TNM stage 
was a risk factor but not an independent risk factor for RP. 
Thus, it not included in our model. 

Hereafter, in our study, several significant variables 
including IL-6 at 2 weeks, CRP at 6 weeks and RT 
techniques were integrated into a nomogram to provide 
an accurate individualized risk assessment of RP for each 
patient. However, several limitations should be discussed. 
First, as this was a retrospective study with a small sample 
size, selection bias might be present. Second, 75% of 
patients in this study had received chemotherapy with 
prescribed RT dose is ranged from 40 to 60 Gy. This 
may lead to some heterogeneity in the data. Third, the 
prescription dose of this study is relatively low, which may 
limit the generalization of the model to a certain extent. 
Therefore, we will use multi-center, large-sample data to 
continuously improve the model in the follow-up research.

Conclusions

This study presents a nomogram that incorporates RT 
techniques, IL-6 and CRP to effectively predict the risk 
of RP in patients with TSESSC treated by radiotherapy 
or concurrent chemoradiotherapy. This simple-to-use 
nomogram may be considered for practice in clinical care.
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Figure S1 Flow chart of data analysis.
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Table S1 The correlation coefficient of cytokines, dosimetric performance, and clinical signs

Sex COPD V20 Stage RT techniques IL6_2W CRP_2W IL6_4W CRP_4W IL6_6W CRP_6W IL6_12W CRP_12W

Sex 1.000 0.173 -0.075 -0.261 -0.167 -0.090 0.011 0.008 0.048 -0.064 -0.094 -0.038 -0.075

COPD -0.173 1.000 0.157 -0.005 -0.079 0.145 0.116 0.120 0.111 0.085 0.137 0.053 0.016

V20 -0.075 -0.105 1.000 0.107 0.158 0.137 0.130 0.173 0.128 0.197 0.139 0.177 0.198

Stage 0.261 -0.005 0.107 1.000 0.001 0.174 0.157 0.211 0.024 0.229 0.210 0.248 0.198

RT techniques 0.167 -0.079 0.158 0.001 1.000 0.058 -0.004 -0.000 0.053 0.016 0.076 -0.033 -0.013

IL6_2W 0.090 0.145 0.137 0.174 0.058 1.000 0.605 0.650 0.515 0.516 0.482 0.536 0.506

CRP_2W 0.101 0.116 0.130 0.157 -0.004 0.605 1.000 0.506 0.527 0.429 0.383 0.430 0.383

IL6_4W 0.008 0.120 0.173 0.211 0.000 0.650 0.506 1.000 0.590 0.805 0.633 0.656 0.554

CRP_4W 0.048 0.111 0.128 0.241 0.053 0.515 0.527 0.590 1.000 0.562 0.634 0.534 0.508

IL6_6W 0.646 0.085 0.197 0.229 0.016 0.516 0.429 0.805 0.562 1.000 0.738 0.741 0.713

CRP_6W 0.094 0.137 0.139 0.210 0.076 0.482 0.383 0.633 0.634 0.738 1.000 0.693 0.733

IL6_12W 0.038 0.053 -0.177 0.248 0.033 0.536 0.430 0.656 0.534 0.741 0.693 1.000 0.752

CRP_12W 0.075 0.016 -0.198 0.198 -0.013 0.506 0.383 0.554 0.508 0.713 0.733 0.752 1.000

COPD, chronic obstructive pulmonary disease; MLD, mean dose of total lungs; V20, lungs volume receiving more than 20 Gy; IL-6, interleukin-6; CRP, C-reactive protein; W, week; RT, radiotherapy.

Figure S2 Feature selection using LASSO analysis. (A) Selection of the tuning parameter (λ) in the LASSO analysis used 10-fold cross-validation. The two dashed lines were drawn at the optimal values 
by using the minimum criteria and the 1 standard error of the minimum criteria (the 1-SE criteria). The model based on the 1-SE criteria is optimal. (B) Regression coefficients for 8 variables. As λ 
increases, the coefficient value of each variable gradually approaches zero.
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Table S2 LASSO analysis

Characteristics Coefficient

Intercept -2.470472411

IL6_2W 0.013929215

CRP_2W 0

IL6_4W 0

CRP_4W 0

IL6_6W 0

CRP_6W 0.008858466

IL6_12W 0

CRP_12W 0.020841995

The optimal λ (1-SE criteria) was used to obtain the exact 
value of the final regression coefficient, and the optimal λ was 
obtained after ten-fold cross-validation.


