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Background and purpose: Recent researches demonstrated that single nucleotide polymorphisms (SNPs)
of genes involving inflammation, DNA repair, etc. were associated with risk of radiation pneumonitis
(RP). However, these studies were single-centered, from single ethnic origin, without validation from
independent cohort studies from other populations. In order to identify clinical valuable SNPs for RP,
in this study we selected 19 RP-related SNPs candidates previously published before 2016 for validation
in our cohort.

Material and methods: 359 lung cancer patients with radiotherapy were included in our prospective study
(NCT02490319). Peripheral blood samples from these patients were genotyped by MassArray and Sanger
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L4 Sequence method. Multivariate Cox hazard and other analyses were applied to estimate the hazard ratio
Inflammation (HR) and 95% confidence intervals (CIs) of all factors possibly related to the risk of RP.
SNP Results: Patients with elder age, MLD >15 Gy, V5o >24% had higher risk of RP >grade 3 compared with

their counterparts (HR=2.020, 95% Cl: 1.045-3.906, P=0.037; HR=2.502, 95% CI: 1.346-4.652,
P=0.004; HR = 2.256, 95% CI: 1.191-4.272, P=0.013, respectively). Moreover, patients receiving IMRT
were associated with decreased incidence of RP (HR=0.520, 95% CI: 0.280-0.963, P=0.037).
Importantly, CT + TT genotype of IL4: rs2243250 was strongly related to decreased risk of RP >grade 3
(HR =0.195, 95% CI: 0.090-0.424, P = 0.000037, P, = 0.0006).
Conclusion: IL4: rs2243250 was validated to be significantly related to RP of grade >3 in our cohort. Our
results further emphasized the prevalence and clinical value of IL4: rs2243250 on RP, and may thus be
one of the important predictors of severe RP before radiotherapy.

© 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 141 (2019) 86-94

Up till now, lung cancer remains as the leading cause of cancer-
related mortality worldwide. According to the latest statistical
report, there are 2.1 million new lung cancer cases and 1.8 million
deaths predicted globally in 2018, nearly close to 1 in 5 (18.4%) of
all cancer deaths [1]. China is among the countries with the highest
lung cancer rates (above 40 per 100,000). For lung cancer patients,

Abbreviations: RP, radiation pneumonitis; KPS, Kamofsky performance status;
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MLD, mean lung dose; V5o, volume of normal lung receiving 20 Gy or more
radiation; COPD, chronic obstructive pulmonary disease; CBLB, B-lineage lym-
phoma b protein; HSPB1, heat shock protein family B member 1; ATM, ataxia
telangiectasia mutated; VEGF, vascular endothelial growth factor; LIG4, DNA ligase
IV; XRCC1, X-ray repair cross complementing 1; APEX1, apyrimidinic endodeoxyri-
bonuclease 1; IL1A, interleukin 1A; IL4, interleukin 4; BMP4, bone morphogenetic
protein 4; BRCAL1, breast cancer 1; FGF5, fibroblast growth factor 5.
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radiotherapy (RT) with or without chemotherapy remains to be the
fundamental treatment. However, the efficacy of radiotherapy is
restrained due to a series of RT-related complications that result
in patients’ intolerance.

As the most common complication and the major dose-limiting
toxicity associated with radiotherapy, radiation pneumonitis (RP)
is characterized by tissue inflammation and subsequent fibrosis
which occurs after irradiation. RP hinders the tumor-controlling
effects of radiotherapy by limiting the radiation dose that can be
applied and the size of the irradiated volume [2,3]. Further, RP
can cause poor quality of life or life-threatening symptoms in
15-40% of all lung cancer patients receiving radiotherapy [4].
Therefore, establishing reliable predictors for RP occurrence is of
great significance such that the therapeutic effects of RT can be
maximized, and its adverse effects can be minimized. In addition
to the patient and treatment-related factors reported by previous
studies [5], including Karnofsky performance status (KPS), chronic
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lung disease [6], smoking status, chemotherapy [7,8], dosimetric
parameters and plasma values of TGFB [9,10], some genetic vari-
ants recently have been found to be associated with the occurrence
and development of RP [11-16].

Recently, multiple studies demonstrated that SNPs of genes
which function in various fundamental cellular processes are asso-
ciated with increased risk and severity of radiation pneumonitis.
Specifically, SNPs of genes participating in DNA repairing response
including ATM [17], LIG4 [18], XRCC1 [19], APEX1 [19], BRCAT [20]
and those participating in inflammatory response including IL1A,
IL4, TNFRSF, MIF, NOS3, IL13 [21], FGF5 [22] have been previously
reported to be related with RP occurrence risk. In addition, genes
functioning in immune regulation (CBLB) [23], oxidative stress
pathway (HSPB1) [24], angiogenesis (VEGF) [25] and TGFB pathway
(BMP-4) [26] also have been demonstrated to possess intriguing
links with RP occurrence and severity. As a large-scale Chinese
Han population prospective cohort, our center has also discovered
a number of SNPs associated with RP risk and severity [11,12,14].
However, all of these studies are single-centered from single ethnic
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origin. And they lacked independent cohort study validation from
other populations. In order to identify SNPs which are clinical valu-
able in RP occurrence and severity prediction, in this study we
selected those RP-related candidates previously published before
2016 in other cohorts to validate their association with RP in our
cohort of Chinese Han population.
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Fig. 1. Patient flow diagram.
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patients, 359 patients (256 with non-small cell lung cancer and
103 with small-cell lung cancer) were eventually included for the
final genotyping analysis (Fig. 1). In order to identify clinically sig-
nificant RP-related SNPs by the quickest and most financially effi-
cient way, we conducted two-step method for sample enrollment.
According to their enrollment time, group of samples from 200
patients were firstly genotyped by MassArray to screen for the
RP-susceptibility variants of the 19 candidate SNPs. And the second
group of 159 patient samples were genotyped by Sanger sequenc-
ing for the significant SNPs that have been identified. This study
was carried out in accordance with Declaration of Helsinki and
approved by the Review Board of Tongji Hospital. Written
informed consents were obtained from all patients for the use of
their clinical information and for obtaining their blood and DNA.

Treatment and follow-up

All patients received radiotherapy with 6-MV X-rays from a lin-
ear accelerator (Elekta Synergy, Elekta, Sweden). The median total
radiation dose was 54 Gy (range: 45-74 Gy), with 1.5-2 Gy admin-
istered per radiation treatment. IMRT (intensity-modulated radia-
tion therapy) was administered to 63.3% of patients (n=227).
Computed tomography simulation (CT/e, GE, Fairfield, Connecticut,
USA) was performed before the RT treatment was planned. The
target volumes and critical normal organs were delineated by
the three-dimensional planning system (Pinnacle Version 9.2).
The baseline clinical characteristics and treatment details of the
patients are shown in Table 1.

All patients enrolled in this study were examined during and
one month after radiotherapy. Then, the patients were followed
every three months for the first year and every six months there-
after. Before initiation of radiotherapy, we evaluated patients’
baseline lung function through gathering information on patients’
clinical symptoms, such as coughing, wheezing, dyspnea on exer-
tion or at rest, etc., history of chronic lung disease, including COPD,
and clinical imaging including chest X-ray or CT. At each follow-up
visit, all patients were asked to undergo chest X-ray or CT scan and
related clinical information, including symptoms, was collected. RP
grade assessment is based on the patients’ clinical imaging and
symptoms comparison before and after radiotherapy. Two radia-
tion oncologists assessed RP grading according to the Common Ter-
minology Criteria for Adverse Events 4.0 as follows: Grade 0, no
change; Grade 1, asymptomatic and diagnosed by radiographic
findings only; Grade 2, symptomatic, not interfering with daily
activities; Grade 3, symptomatic, interfering with daily activities
or oxygen required; Grade 4, assisted ventilation required; Grade
5, fatal. The median follow-up time for RP of any grade was
21 months (ranging from 12 months to 80 months).

Genotyping methods

Genomic DNA was extracted with a PureLink Genomic DNA
Mini Kit (Invitrogen, K1820-01) from peripheral blood. All of the
SNPs were selected from those RP-related SNPs that were pub-
lished before 2016. All of the SNPs had minor allele frequencies
greater than 5% in the Chinese population based on the HapMap
HCB data, and all correlated alleles were captured at LD coefficient
r?>0.8. Meanwhile all of the SNPs should locate at functional
region (5 prime UTR region, 3 prime UTR region, exonic region,
splice region, and regulatory region) base on functional prediction
from Ensemble Gene Browser. 11 SNPs located in intronic region
which were presumed less significant were excluded in this study
(S. Table 3). Nineteen single-nucleotide polymorphisms (SNPs) of
16 genes were selected eventually (Table 3). For all 19 SNPs, geno-
types were firstly determined using the MassArray system (Seque-

Table 1
Patient characteristics (N = 359).
Characteristic No. of patients %
Sex
Male 271 75.5
Female 88 24.5
Age, years
Median 62
Range 28-83
Histology
SCLC 103 28.7
NSCLC 256 713
Stage
I-11 46 12.8
1I-1v 313 87.2
KPS
80-100 280 78.0
<80 79 22.0
Smoking
Non-smoker 142 39.6
Smoker 217 60.4
Induction Chemotherapy
Yes 343 95.5
No 16 4.5
CRT
Yes 93 259
No 266 74.1
Surgery
Yes 196 54.6
No 163 454
IMRT
Yes 227 63.3
No 132 36.7
Radiation dose (cGy)
Median 5400
Range 4500-7400
MLD (cGy)
Median 1310
Range 178-2017
Vao
Median 24.00
Range 0-42.00
COPD
Yes 27 7.5
No 332 92.5

Abbreviations: KPS, Kamofsky performance status; CRT, concurrent chemoradiation;
IMRT, intensity-modulated radiation therapy; MLD, mean lung dose; Vo, volume of
normal lung receiving 20 Gy or more radiation; COPD, chronic obstructive pul-
monary disease.

nom iPLEX assay, San Diego, United States) in 200 patients. The
sample DNA was amplified by a multiplex PCR reaction, and the
PCR products were then used for a locus-specific single-base exten-
sion reaction. Finally, the resulting products were desalted and
transferred to a 384-element SpectroCHIP array. The alleles were
discriminated by mass spectrometry (Sequenom, San Diego, United
States). After analysis, the RP-susceptibility SNPs, IL4: rs2243250
were then genotyped by Sanger Sequencing method in the remain-
ing 159 patients. The primer pairs for rs2243250 were F: 5'-GGTGA
CAGAGTGAGACCCTG-3’; R: 5'-GGGCTCCTTCTCTGCATAGA-3'. The
PCR products were then subjected to DNA sequencing to detect
mutations.

Statistical analysis

The end point for this study was the development of RP >grade
3. The time to the end point was calculated from the start of radio-
therapy. Patients who did not experience RP >grade 3 within
12 months of RT were censored. SPSS 21.0 statistical software
(SPSS, Inc., Chicago, IL, USA) was used for the statistically analysis.
Patients were divided into groups according to their genotypes,
and Cox proportional hazard analysis was applied to estimate the
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Table 2

Association between patient-, tumor-, and therapy-related characteristics and Grade >3 radiation pneumonitis (N = 359).

Parameter Univariate Analysis Multivariate Analysis
HR 95%Cl P HR 95%Cl P

Sex

Male 1 1

Female 0.731 0.338-1.582 0.426 0.681 0.314-1.480 0.333
Age, years

<62 1 1

>62 2.069 1.072-3.994 0.030 2.020 1.045-3.906 0.037
Histology

SCLC 1 1

NSCLC 0.775 0.406-1.478 0.439 0.882 0.456-1.707 0.710
Stage

I-11 1 1

-1V 1.076 0.422-2.743 0.878 1.030 0.394-2.694 0.951
KPS

<80 1 1

80-100 0.864 0.424-1.763 0.689 0.853 0.416-1.749 0.664
Smoking

Nonsmoker 1 1

Smoker 1.294 0.679-2.468 0.434 1.210 0.632-2.317 0.565
Surgery

No 1 1

Yes 0.630 0.340-1.167 0.142 0.709 0.362-1.392 0.318
Chemotherapy

No 1 1 1

Yes 0.543 0.168-1.760 0.309 0.771 0.232-2.536 0.669
CRT

No 1 1

Yes 1.523 0.799-2.905 0.201 1.601 0.796-3.218 0.187
IMRT

No 1 1

Yes 0.536 0.291-0.989 0.046 0.520 0.280-0.963 0.037
Radiation dose, cGy

<5400 1 1

>5400 1.521 0.806-2.872 0.196 1.223 0.636-2.354 0.546
MLD, cGy

<1500 1 1

>1500 2.310 1.246-4.280 0.008 2.502 1.346-4.652 0.004
Vao

<24% 1 1

>24% 1.889 1.009-3.539 0.047 2.256 1.191-4.272 0.013
COPD

No 1 1

Yes 1.730 0.679-4.409 0.251 1.240 0.467-3.289 0.666

Note: Multivariate analyses were adjusted for age, MLD and IMRT.
*Either MLD or V,o was used in the multivariate analyses, but not both.

hazard ratio (HR) and 95% confidence intervals (CIs) of all factors
possibly related to the risk of RP. Moreover, multivariate Cox
regression analysis was used for the adjustment of covariates.
Those covariates were proved to meet the proportionality assump-
tion of the Cox model by Schoenfeld Residual Tests. Tied events
were handled by Breslow method. The influences of the genotypes
on RP risk were assessed by Kaplan-Meier analysis and compared
with log-rank tests. For genotype analysis, P-values were corrected
by the Benjamini and Hochberg False Discovery Rate correction.

Results

359 patients were included in this study with 271 males and 88
females. Their characteristics are listed in Table 1. The median age
of the population was 62 years (range from 28 to 83 years); 256
patients had NSCLC, and 103 had SCLC. In the study cohort, 87.2%
of patients had stage III-IV disease, 54.6% underwent surgery
before RT, almost all patients (95.5%) received induction
chemotherapy followed by radiotherapy and 25.9% had concurrent
chemoradiation. The median radiation dose was 54 Gy (range from
45 to 74 Gy), the median MLD was 13.10 Gy (range from 1.78 to
20.17 Gy), and the median V5 was 24% (range from O to 42.00%).
The characteristics of 200 patients, who were firstly genotyped

by MassArray to screen for RP-susceptibility variants, are listed
in S. Table 1.

Within 12 months of radiotherapy, 41 patients (11.4%) suffered
RP >grade 3. The associations between patient-, tumor- and
therapy-related characteristics and RP >grade 3 are listed in Tables
2. The univariate and multivariate analysis by Cox regression
model revealed that MLD, V,, age, IMRT was significantly related
to RP >grade 3. Patients with elder age, MLD >15 Gy, V5o >24%
had higher risk of RP >grade 3 compared with those counterparts
(HR =2.020, 95% CI: 1.045-3.906, P=0.037; HR=2.502, 95% CI:
1.346-4.652, P=0.004; HR=2.256, 95% CI: 1.191-4.272,
P=0.013, respectively). Moreover, patients receiving IMRT were
associated with decreased incidence of RP (HR=0.520, 95% CI:
0.280-0.963, P=0.037) (Table 2), which were consistent with the
results of other publications.

A total of nineteen candidate SNPs were screened by MassArray
in 200 patients for RP-susceptibility variants (Table 3). Among
them, IL4: rs2243250 was found to be significantly associated with
the occurrence of RP >grade 3 (Table 4). Then it was genotyped by
Sanger Sequencing method in the remaining 159 patients, bringing
the total population of 359 patients genotyped for IL4: rs2243250.
Fig. 2 is a plot of the RP-free survival percentage for RP >grade 3 for
each genotype of IL4: rs2243250 determined by the Kaplan-Meier
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Table 3
Genes and single nucleotide polymorphisms selected for analysis.
Genes and SNP Gene function Predicted functional Consequence* MAF* Reference
European Chinese
CBLB Immune system
rs2305035 Synonymous variant 23.8% (A) 19.9% (A) Li et al. [23]
HSPB1 Oxidative stress pathway
rs2868371 Regulatory region variant 15.5% (C) 12.6% (C) Pang et al. [24]
ATM DNA repair
rs1801516 Missense variant 16.2% (A) 5.15% (A) Xiong et al. [17]
rs228590 Non coding transcript exon variant 42.4% (A) 59.4% (A)
VEGF Angiogenesis
rs2010963 5 Prime UTR variant 42.7% (C) 61.6% (C) Yin et al. [25]
rs3025039 3 Prime UTR variant 14.8% (T) 17.6% (T)
LIG4 DNA repair
rs1805388 Missense variant 19.1% (A) 13.6% (A) Yin et al. [18]
XRCC1 DNA repair
rs25487 Missense variant 34.8% (T) 31.8% (T) Kelsey et al. [20]
APEX1 DNA repair
rs1130409 Missense variant 48.6% (G) 29.4% (G) Yin et al. [19]
IL1A Inflammation
rs1800587 5 Prime UTR variant 29.9% (A) 7.2% (A) Hildebrandt et al. [21]
rs17561 Missense variant 30.1% (A) 22.3% (A)
114 Inflammation
rs2243250 Regulatory region variant 21.1% (T) 8.2% (T) Hildebrandt et al. [21]
TNFRSF18 Inflammation
rs1061622 Missense variant 23.5% (G) 22.3% (G) Hildebrandt et al. [21]
MIF Inflammation
1s755622 5 Prime UTR variant 19.3% (C) 19.8% (C) Hildebrandt et al. [21]
NOS3 Inflammation
rs1799983 Missense variant 32.1% (T) 15.3% (T) Hildebrandt et al. [21]
IL13 Inflammation
rs1800925 Non coding transcript exon variant 22.4% (T) 16.0% (T) Hildebrandt et al. [21]
BMP4 TGFp pathway
1s762642 Splice region variant 43.2% (C) 40.7% (C) Yang et al. [26]
BRCA1 DNA repair
rs16942 Missense variant 33.7% (C) 45.9% (C) Kelsey [20]
FGF5 Inflammation
rs3733336 3 Prime UTR variant 65.3% (A) 75.3% (A) Pu et al. [22]

Abbreviations: CBLB, B-lineage lymphoma b protein; HSPB1, heat shock protein family B member 1; ATM, ataxia telangiectasia mutated; VEGF, vascular endothelial growth
factor; LIG4, DNA ligase IV; XRCC1, X-ray repair cross complementing 1; APEX1, apyrimidinic endodeoxyribonuclease 1; IL1A, interleukin 1A; IL4, interleukin 4; TNFRSF18,
TNF receptor superfamily member 18; MIF, macrophage migration inhibitory factor; NOS3, nitric oxide synthase 3; IL13, interleukin 13; BMP4, bone morphogenetic protein

4; BRCA1, breast cancer 1; FGF5, fibroblast growth factor 5.
*The possible function of SNPs was predicted from Ensemble Gene Browser.

Table 4
Association between genotypes and Grade >3 RP (N = 200).
Polymorphism and Genotype No. of event No. of total Univariate analysis Multivariate analysis
HR 95% CL P HR 95% CL P
CBLB:rs2305035
GG 14 113 1 1
GA 11 82 1.12 0.508-2.466 0.779 1.204 0.545-2.662 0.647
AA 1 5 1.805 0.237-13.733 0.568 1.496 0.194-11.505 0.699
HSPB1:rs2868371
CcC 12 78 1 1
CG 13 108 1.095 0.507-2.367 0.817 0.722 0.327-1.593 0.419
GG 1 14 0.633 0.167-2.399 0.501 0.421 0.055-3.241 0.406
ATM:rs1801516
GG 6 43 1 1
AG 15 122 0.877 0.340-2.260 0.786 0.679 0.259-1.776 0.43
AA 5 35 1.044 0.319-3.421 0.943 0.842 0.250-2.832 0.781
ATM:15228590
GG 5 25 1 1
GA 21 163 0.581 0.219-1.541 0.275 0.705 0.261-1.905 0.49
AA 0 25 0 0.000- 0.98 0 0.98
VEGF:rs2010963
CcC 4 40 1 1
CG 20 146 1.077 0.570-2.036 0.82 1.179 0.398-3.490 0.766
GG 2 14 1.206 0.448-3.248 0.711 1.402 0.255-7.700 0.697

VEGF: rs3025039
CcC 14 132 1
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Table 4 (continued)

Polymorphism and Genotype No. of event No. of total Univariate analysis Multivariate analysis
HR 95% CL P HR 95% CL P

CT 12 65 1.818 0.841-3.931 0.129 1.842 0.851-3.986 0.121

TT 0 3 0 0.000- 0.978 0 0 0.979
LIG4:rs1805388

GG 17 139 1 1

GA 9 60 1.233 0.550-2.766 0.612 1.117 0.486-2.566 0.794

AA 0 1 0 0.000- 0.98 0 0.000- 0.982
XRCC1:rs25487

CcC 16 91 1 1

CT 9 103 0.469 0.207-1.061 0.069 0.554 0.236-1.298 0.174

TT 1 6 0.896 0.119-6.757 0.915 0.847 0.112-6.408 0.872
APEX1:1rs1130409

TT 9 56 1 1

GT 14 122 0.693 0.300-1.601 0.391 0.733 0.315-1.703 0.469

GG 3 22 0.79 0.214-2.919 0.724 0.747 0.202-2.763 0.662
IL1A: rs1800587

GG 21 162 1 1

AG 5 38 1.052 0.397-2.790 0.919 1.38 0.502-3.795 0.533
IL1A: 1517561

CcC 22 168 1 1

AC 4 32 1.005 0.346-2.916 0.993 1.037 0.357-3.015 0.947
IL4: 152243250

CcC 4 7 1 1

CT 5 57 0.106 0.028-0.396 0.001 0.107 0.029-0.401 0.001

TT 17 136 0.158 0.053-0.473 0.001 0.18 0.060-0.541 0.002
TNFRSF18: 151061622

TT 18 147 1

TG 7 46 0.884 0.155-8.704 0.608 1.155 0.481-2.772 0.747

GG 1 7 1.257 0.525-3.008 0.884 1.3 0.172-9.806 0.799
MIF: 1s755622

GG 19 154 1

CG 6 43 1.192 0.476-2.986 0.707 1.202 0.471-3.070 0.7

CcC 1 3 3.101 0.415-23.185 0.27 3.222 0.407-25.486 0.268
NOS3: 151799983

GG 25 191 1 1

GT 1 9 0.843 0.114-6.224 0.867 0.947 0.128-7.019 0.957
IL13: rs1800925

CC 16 129 1 1

CT 9 68 1.042 0.460-2.358 0.921 1.022 0.452-2.314 0.957

TT 1 3 3.024 0.401-22.828 0.283 3.946 0.507-30.707 0.19
BMP4: 15762642

AA 13 81 1 1

AC 11 92 0.738 0.331-1.648 0.459 0.701 0.314-1.566 0.387

CcC 2 27 0.455 0.103-2.018 0.3 0.333 0.074-1.505 0.153
BRCA1: rs16942

TT 7 74 1 1

CT 14 94 1.64 0.662-4.063 0.285 1.764 0.709-4.393 0.222

CC 5 32 1.714 0.544-5.400 0.358 1.67 0.529-5.269 0.382
FGF5: 1s3733336

AA 12 107 1 1

GA 14 82 1.531 0.708-3.310 0.279 1.588 0.729-3.461 0.244

GG 0 11 0 0.000- 0.981 0 0.000- 0.982

Note: Multiple analyses in this table were adjusted for all of the factors listed in S. Table 1.

Abbreviations: HR, hazard ratio; CI: confidence interval.

method. Patients with the CC genotype of IL4: rs2243250 had sig-
nificantly higher risks of RP >grade 3 (P < 0.0001). Furthermore,
multiple Cox proportional hazard analyses with adjustments for
all of the characteristics listed in Table 1 revealed that the CT
+TT genotype of IL4: rs2243250 were strongly related to the
decreased risk of RP >grade 3 (HR=0.195, 95% CI: 0.090-0.424,
P=0.000037, P.=0.0006) (Table 5). Additionally, multivariate
analysis including only IL4: rs2243250 SNP and MLD or V5 were
performed. The results indicated that IL4: rs2243250 SNP was
associated with RP independent of MLD and Vyq (S. Table 4).
Patients were divided to four groups based on the dosimetric
factors-V,o or MLD and IL4: rs2243250 genotypes in order to eval-
uate the impact of the IL4: rs2243250 genotypes on RP in different
dosimetric groups. Interestingly, the patients with CT/TT genotype
of IL4: rs2243250 rely on the dosimetric factors. For the patients
with CT/TT genotype of IL4: rs2243250, groups with MLD >15 Gy

or V59 >24% had the higher incidence of RP >grade 3 with the
patients who received MLD less than 15 Gy or V,q less than 24%
(P<0.05 and P<0.05, respectively, Fig. 3A, B, S. Fig. 1A and B).
However, patients with CC genotype of IL4: rs2243250 had much
higher risk of RP grade >3 compared with other groups
(P<0.0001 and P <0.0001, respectively, Fig. 3A, B), regardless of
MLD or V,q level. KM curve comparison and log-rank test showed
that for patients within CC genotype of IL4:1s2243250 group, dif-
ferences in MLD and V5, status seemed had no significant impact
on the risk of RP grade >3 (P=0.858 and P =0.921 respectively,
S. Fig. 1B and D).

Discussion

In this study, we evaluated the variants of several genes
involving in the pathogenesis of radiation pneumonitis, including
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Fig. 2. Kaplan-Meier estimates RP-free survival (RP >grade 3) for each genotype.
Patients with CC genotype of IL4: 152243250 had significantly higher risks of RP
>grade 3 (P <0.0001).

inflammation, immune response, DNA repairing and angiogenesis.
Through this study we aimed to discover the potential associations
between the SNPs and the occurrence of RP in lung cancer patients
with radiotherapy. Among 19 SNPs tested, IL4: rs2243250 was
found to be significantly associated with the risk of RP >grade 3.
Patients with the CT/TT genotype of IL4: rs2243250 had signifi-
cantly decreased risk of RP after radiotherapy for lung cancer com-
paring with CC genotype counterparts. We also discovered that the
association between IL4: rs2243250 and RP grade >3 was indepen-
dent of MLD and V,o. Comparing with previous report by Hilde-
brandt et al. that demonstrated IL4: rs2243250 significantly
associated with RP risk in 173 NSCLC patients of western popula-
tion [21], our result confirmed the above finding for the first time
in an independent Chinese cohort.

The occurrences of RP >grade 3 were 11.4%, which were similar
to those reported previously. Due to the prospective nature of our
study, the incidence rate of RP was relatively higher than in some
retrospective studies. We also confirmed that age, MLD and V3
was closely related to the risk of RP. In our cohort, patients with

age >58, MLD >15 Gy and V,g >24% and without receiving IMRT
had greater risk of developing RP grade >3, which verified the
associations between the patient- and radiation dosimetric-
related factors and the occurrence of severe RP [27].

As is well known that pro-inflammatory and fibrogenic cytoki-
nes induced by irradiation are involved in the pathogenesis of RP
[28-30]. However, the exact roles that anti-inflammatory cytoki-
nes such as IL4, etc. play in the pathogenesis of RP still remain elu-
sive. IL4 is multifunctional cytokine produced in various cell types,
including macrophage, lymphocyte and fibroblast, etc. It generally
promotes the humoral response, and inhibits the inflammatory
chemokines such as TNF and IL1B [31]. IL4 also facilitates the dif-
ferentiation of Th2 helper T cells [32]. Up till now, several experi-
ments demonstrated that IL4, IL13 and TGF signaling pathways
were involved in RP occurrence. Animal model study showed local
IL4 expression correlated with development of radiation induced
pulmonary injury [33]. Another study demonstrated that IL4
amplified the fibrotic process through stimulation of IL13 and TGFB
expression [34]. In addition, IL4 and IL13 can promote free radical
generation that results in chronic oxidative stress [35]. Moreover,
research indicated IL4 was vital for macrophage accumulation
and maintenance in lung tissue after radiation, and macrophage
infiltration was one of the main pathological process in RP occur-
rence [36]. As for the IL4 SNP functional impact, studies demon-
strated that several genetic variants of IL4 were associated with
3-fold increased risk of pneumonitis [37]. Studies also showed
increased IgE production for asthma patients carrying IL4:
rs2070874 and rs2243250 [38]. Generally speaking, the above evi-
dence suggests that IL4 pathway is a vital regulator in inflamma-
tion and fibrosis, indicating the biological plausibility of the
relevance of IL4 SNP to RP risk validated in our research.

Our results further emphasized the prevalence and clinical
value of IL4: rs2243250 on RP in another independent cohort,
and may thus be one of the important predictors of severe RP
before radiotherapy in addition to the radiation dosimetric factors.
Those patients with RP susceptibility genotypes will greatly benefit
from early prediction and prevention of RP by genotyping before
the initiation of RT. And this study will help us to individualize
radiation dose appropriately for better control of tumor according
to their RP risk SNPs genotypes. Especially for the patients with
favorable genotypes, elevated MLD and V, will not increase their
incidence of severe RP, which could assist the oncologist to adjust
the radiation dose personally. Moreover, our findings suggest the

Table 5
Association between genotypes and Grade >3 RP (N = 359).
Polymorphism and Genotype No. of event No. of total Univariate analysis Multivariate analysis P.
HR 95% CL P HR 95% CL P
IL4: 152243250
cc 8 21 1 1
CT+TT 33 338 0.173 0.082-0.363 6.6E-5 0.195 0.090-0.424 3.7E-5 0.0006
Age, years
<62 13 173 1 1
>62 28 186 2.069 1.072-3.994 0.030 2.240 1.152-4.358 0.018
IMRT
No 21 132 1 1
Yes 20 227 0.536 0.291-0.989 0.046 0.575 0.310-1.066 0.079
MLD, cGy
<1500 23 264 1 1
>1500 18 95 2.310 1.246-4.280 0.008 2.021 1.068-3.825 0.031
Vao
<24% 16 194 1 1
>24% 25 165 1.889 1.009-3.539 0.047 2.014 1.062-3.817 0.032

Note: Multiple analyses in this table were adjusted for age, MLD, IMRT and rs2243250.

Abbreviations: HR, hazard ratio; CI, confidence interval.
Pc: P-value corrected by Benjamini and Hochberg False Discovery Rate correction.
*Either MLD or V5o was used in the multivariate analyses, but not both.
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Fig. 3. Kaplan-Meier estimates effect of genotype in IL4: rs2243250 and dosimetric
parameters on RP-free survival (RP >grade 3). (A) IL4: rs2243250 and MLD; (B) IL4:
12243250 and Vg,

possible role of IL4 in the pathogenesis of RP, which will aid in the
discovery of targeted therapy for RP in future research.

On the other hand, other SNPs tested in this study failed to exhi-
bit significant association with RP in our cohort. This could be par-
tially explained by the ethnic variation of SNP frequencies.
However, despite the fact that IL4: rs2243250 and RP association
has been demonstrated in Han Chinese population in our study
and western Caucasian population in previous reports, it still
requires further validation in expanded cohorts from different
races, since the substantial ethnic variation exists in SNP frequen-
cies. Moreover, IL4: rs2243250 warrant further investigation to
identify the causative SNPs and their molecular mechanisms. Fur-
thermore, we need to explore the potential role of IL4 pathway in
the pathogenesis of RP, which would provide novel insight into the
treatment of RP.

In summary, it is the first study to confirm the association
between RP risk and IL4: rs2243250 in an independent Chinese

cohort. Our results further emphasized the prevalence and clinical
value of IL4: rs2243250 on RP. Our study indicated that in addition
to the radiation dosimetric factors, IL4 SNP can be used as useful
predictive biomarker of RP risk before RT. Thus, patients will
greatly benefit from early prediction and prevention of RP by
rs2243250 genotyping before the initiation of RT. And this study
will benefit lung cancer patients receiving radiotherapy since
appropriately tailored radiation dose might result in better control
of their diseases and lower occurrence and severity of RP.
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