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a b s t r a c t

Background and purpose: Radiochemotherapy (RCT) success in lung cancer (LC) can be limited due to the
onset of adverse effects in the adjacent normal tissue such as radiation-induced esophageal toxicity
(RIET). Therefore, specific biomarkers to customize the RCT dose administration and esophageal toxicity
prediction are necessary to improve treatment effectiveness.
Materials and methods: 247 LC patients prospectively recruited between 2012 and 2016 from 3 institu-
tions were genotyped for 7 SNPs along TGFB1 and HSPB1 genes seeking an association with RIET risk
development. Kaplan–Meier cumulative probability and Cox proportional hazards analyses were used
to evaluate the effect of TGFB1 and HSPB1 genotypes on such risk.
Results: Multivariate analyses showed that patients carrying the HSPB1 rs7459185 CC genotype were
associated with a significantly higher risk of acute grade 3 RIET than those carrying the GG/GC genotypes
(HR = 17.73; 95% CI = 2.896–108.49; p = 0.002). LC patients who received higher (>median) volume of
esophagus exposed to 30 Gy and harboring the rs7459185 GG/GC genotypes showed a significantly lower
RIET incidence (p < 0.001). Additionally, LC patients carrying the TGFB1 rs11466353 GG genotype were
found to be associated with a lower risk of late grade 2 RIET compared with those with the TT/TG geno-
types (HR = 0.29; 95% CI = 0.103–0.830; p = 0.021). Patients receiving a high (>60 Gy) radiation dose who
presented the rs11466353 GG genotype had a significantly lower RIET incidence (p = 0.025).
Conclusion: The presence of different rs7459185/rs11466353 genotypes in LC patients associated with
RIET risk and may be useful biomarkers along with other risk factors for guiding therapy intensity in
an individualized therapy.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 135 (2019) 161–169
Lung cancer (LC) ranks among the leading causes of death asso-
ciated with cancer worldwide due to its high incidence and mortal-
ity rates. This poses a significant challenge to the health system
and a dire economic problem [1]. For advanced (non-metastatic)
LC and inoperable cases, radiation therapy (RT) given with
chemotherapy is the first-line treatment. RT with curative inten-
tion aims to accomplish a beneficial therapeutic index, leading
malignant cells to lose their clonogenicity by cell death induction
through DNA damage, with the goal of achieving uncomplicated
local regional control [2,3]. However, in many cases, the normal
adjacent tissue’s radiation tolerance limits the administered radia-
tion dose, thus RT treatment is often accompanied by adverse reac-
tions such as radiation-induced esophageal toxicity (RIET) and
radio-induced pneumonitis, affecting treatment efficacy and nega-
tively impairing patient’s quality of life [4–6].

RIET can be classified as acute, which usually occurs within
90 days after the completion of treatment and is normally
addressed by conservative supportive care, or late, which is more
persistent and troublesome with a median onset time of 6 months
[7]. The development of different techniques such as three-
dimensional conformal radiation therapy, Intensity-Modulated
Radiation Therapy (IMRT), Volumetric Modulated Arc Therapy
(VMAT), or image-guided radiation therapy (IGRT) has improved
the aspects commented above [8,9]. Nevertheless, most patients
present acute esophageal toxicity as a response to esophageal
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mucosa irradiation and dosimetric parameters are not enough to
predict this event [10]. Therefore, it is necessary to find specific
biomarkers to customize the RT dose administration and predict
esophageal toxicity, leading to a personalized therapy.

Different molecular events have been described as potentially
responsible for radiation-induced normal tissue damage and
inter-individual genetic variations appear to be promising
biomarkers to discriminate patients with high risks of treatment-
related toxicities in different types of cancer [11–14]. Genes within
oxidative stress and inflammation signaling networks have being
widely studied for their influence to RT response [15,16]. Among
them, the Transforming growth factor beta-1 (TGFB-1) plays
important roles in inflammation and cell proliferation, which
appear to be linked to radiation-induced fibrosis progression
[17]. TGFB1 is activated as a feedback anti-inflammatory signal fac-
ing the release of cytokines, chemokines and growth factors during
the early immune inflammatory response to radiation [18]. Previ-
ous studies attempted correlations of different candidate single
nucleotide polymorphisms (SNPs) along TGFB1 sequence and
increased risk of RIET with the potential of being prognostic and/
or predictive biomarkers for clinical practice [19–21]. Additionally,
SNPs along Heat shock protein beta-1 (HSPB1) sequence, a chaper-
one responsible for remediating damage to proteins in response to
high levels of stress, inhibition of apoptosis, regulation of cell
development, and cell differentiation, have been associated with
cellular radiosensitivity in LC patients [22–24].

To explore new planning and treatment technology in RT, SNPs
along TGFB1 and HSPB1 might be valuable genetic biomarkers for
the identification of patients’ individual RIET susceptibility. Conse-
quently, we have performed a multicenter prospective study in
247 LC patients for a better understanding of contributions of dif-
ferent SNPs to predict esophageal radio-sensitivity in LC patients.
Materials and methods

Ethics statement

The study was approved by the Ethics Committee for clinical
research and complies with the tenets of the declaration of Hel-
sinki and the Institutional Review Board of the participating cen-
ters. Written informed consent for molecular genetic studies was
obtained from all participants.
Patient population

Subjects for this prospective analysis were recruited at the radi-
ation oncology department of 3 different institutions between Jan-
uary 2012 and December 2016. Patient selection criteria were as
follows: Patients � 18 years old, newly diagnosed stage I-IV
patients (undergoing thoracic RT with radical or palliative intent)
with small cell, or non-small cell lung cancer were included.
Patients presenting lung cancer recurrence were also included if
no previous radiation therapy was administered in the first treat-
ment course. The LC cohort consisted of 247 patients, 213 men
(86%) and 34 (14%) women (Table 1).
Treatment planning

Patient immobilization and treatment planning were performed
with the patient in the supine position. A vacuum sealed cradle for
immobilization was made when necessary. All patients were
scanned (contrast enhanced computed tomography [CT] scan in
0.5-cm thickness) from the atlas (C1) level to the second lumbar
vertebra (L2) level, approximately, to include the whole neck and
lungs. In brief, the gross tumor volume (GTV-primary and GTV-
node) consisted of the lesion diagnosed by biopsy and therefore
visible in the subsequent CT scan. The regions of tumor visible by
endoscopy but not seen on CT images were also included in the
GTV-primary. The GTV was expanded by 6–8 mm around the pri-
mary tumor and selected lymph node region to obtain a clinical
target volume (CTV) which was further expanded laterally and ver-
tically by 10 mm to obtain a planning target volume (PTV). The
esophagus was contoured beginning at the level of cricoid cartilage
on every CT image, until and including the gastroesophageal
junction.
Patient evaluation and follow-up

During the course of radiotherapy, patients were seen at least
weekly and more often if they needed clinical evaluation and dis-
ease management. They were evaluated at approximately 1–
3 months after completion of therapy and then every 3 months.
The follow-up evaluations consisted of a history and physical
examination. Computerized axial tomography scans were obtained
at intervals of 3–6 months. Double-contrast esophagography was
performed if clinically indicated.
Genotyping method and SNP selection

Genomic DNA was isolated from peripheral blood sample using
the DNeasy� Blood and Tissue kit (Qiagen, Hilden, Germany). DNA
concentrations and purity were determined using the NanoDrop
2000 UV–Vis spectrophotometer (Nano Drop Technologies, Wilm-
ington, DE, USA).

Four potentially functional variants of TGFB1 and HSPB1 genes
were selected from the gene SNP database of the National Institute
of Environmental Health Sciences Genome Program and related lit-
erature using the LD TAG SNP Selection tool (https://snpinfo.niehs.
nih.gov/snpinfo/snptag.html). The selected SNPs met at least two
of the following criteria: (1) a minor allele frequency of at least
5%, (2) to be located in the promoter, regulatory or untranslated
region of the gene, (3) TaqMan� SNP Genotyping Assay available.
Additionally, three previously described SNPs, rs1800469
rs2868371 and rs2868370, associated with RIET development have
been selected for validation.

All the genotypes were obtained by real-time polymerase chain
reaction on the Viia7 Real Time PCR System (Thermo Fisher Scien-
tific, Waltham, MA, USA) using TaqMan� SNP Genotyping Assays
(Supplementary Table 1). The general PCR conditions used for the
experiments were 60 �C � 3000, [95 �C � 100, 95 �C � 1500,
60 �C � 10, 60 �C � 3000] � 40.
Statistical analysis

Statistical analyses were performed using SPSS (version 19.0).
The end points of analysis (development of RIET acute and late)
were estimated and scored using Common Terminology Criteria
for Adverse Events version 4.0. The RT starting point was consid-
ered to calculate the time to different RIET development; patients
who did not experience the end points were censored at 3 months
since RT started or at the time of death or last contact. Kaplan–
Meier analysis was performed to estimate the cumulative RIET
incidence. Cox proportional hazards analysis was performed to cal-
culate hazard ratio (HR) and confidence interval (CI). Multivariate
Cox regression analysis with a stepwise backward elimination pro-
cedure was used to adjust for factors significant on univariate anal-
ysis, as well as any other factors that might have misled genotypes
univariate analysis. A p-value � 0.05 was considered significant. In
addition, the pointwise P value was adjusted for multiple testing
using a Bonferroni approach by multiplying the pointwise P value
by the number of tests.
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Table 1
Patient’s Characteristics.

Characteristic No. of Patients (%)
n = 247

Gender
Female 34 (14)
Male 213 (86)

Age (years)
Median (range) 65 (35–88)

Treatment
Primary Tumor 195 (79)
Relapse 18 (7.3)
Palliative 34 (13.7)

Smoking status
Current 126 (51)
Former 111 (45)
Never 10 (4)

N� of cigarettes per day
Median (range) 30 (3–100)

No. of pack years*

Median (range) 63 (1.5–275.15)
History of dysphagia
No 234 (94.7)
Yes 13 (5.3)

Loss Weight history
No 196 (79.3)
Yes 51 (20.7)

KPS
�80 187 (75.7)
<80 60 (24.3)

Weight before RT (Kg),
Median (range) 75 (50–93.3)

Histology
Squamous cell 102 (41.4)
Adenocarcinoma 69 (28)
Large-cell carcinoma 8 (3.3)
NSCLC, NOS 9 (3.6)
Small-cell carcinoma 57 (23.2)
Sarcoma 1 (0.5)

Primary clinical stage
I 13 (5.3)
II 12 (4.8)
IIIA 92 (37.2)
IIIB 107 (43.3)
IV 23(9.4)

Surgery
No 208 (84.2)
Yes 39 (15.8)

Radiation treatment (days)
Median (range) 45 (1–127)

Radiation total dose (Gy)
Median (range) 60 (2–70)

Radiation fractionation
Once daily 201(81.4)
Twice daily 19 (18.6)

Concurrent chemoradiation
No 140 (56.7)
Yes 107 (43.3)

PTV (cc)
Median (range) 357,22 (23.63–1468.5)

CTV (cc)
Median (range) 176.22 (7.5–1100)

GTV (cc)
Median (range) 74.54 (0.98–595.8)

Volume of esophagus (cc)
Median (range) 28.58 (7–94.43)

Dmin of esophagus
Median (range) 0.7 (0.1–15.44)

Dmax of esophagus, Gy
Median (range) 61.58 (7.2–75.7)

MED, Gy
Median (range) 21.9(0.91–60.14)

Median dose of esophagus
Median (range) 12.25 (0.29–65.2)

V5

Median (range) 56.625(1.47–100)

Table 1 (continued)

Characteristic No. of Patients (%)
n = 247

V10

Median (range) 51(0.07–100)
V15

Median (range) 47(0.09–100)
V20

Median (range) 43(0.04–98.4)
V25

Median (range) 40(0.02–97.41)
V30

Median (range) 37 (0.02–93.83)
V35

Median (range) 32.92 (0.09–92.04)
V40

Median (range) 28.07 (0.24–89.23)
V45

Median (range) 21.635 (0.09–80)
V50

Median (range) 15.37(0.78–79)
V55

Median (range) 9 (0.07–76)
V60

Median (range) 4 (0.15–74)
V65

Median (range) 2 (0.01–56)
V70

Median (range) 0 (0.01–54)

Abbreviations: KPS, Karnofsky Performance Status; NSCLC, NOS, non-small-cell lung
cancer, not otherwise specified; Dmin, minimum dose; Dmax, maximum dose; MED,
mean esophagus dose; Vx, volume of normal esophagus receiving � Gy or more
radiation.

* Number of pack years = (packs smoked per day) � (years as a smoker).
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SNPs in silico analysis

In order to identify functional effects, they were analyzed by
RegulomeDB (www.regulomedb.org/), and SNPinfo (FuncPred).
Additionally, differential expression analysis was performed using
the data from the Genotype-Tissue Expression project (https://
www.gtexportal.org/home/).
Results

Patient characteristics

The clinical–pathological characteristics of the 247 patients
enrolled in the study are listed in Table 1. According to the classi-
fication of malignant tumors (TNM) staging system (7th ed), 25
patients (10.1%) were stage I-II, 92 (37.2%) were stage IIIA, 107
(43.4%) were stage IIIB and 23 (9.3 %) were stage IV. According to
the histopathological classification, there were 69 (28%) adenocar-
cinoma, 102 (41.3%) squamous-cell carcinoma, 8 (3.2%) large-cell
carcinoma, 9 (3.6%) not otherwise specified and 57 (23.4%) small
cell carcinoma. Median follow-up time for all patients was
14 months (range, 1 to 88 months). Patients who died or pro-
gressed before 3 months from the start of radiation therapy
(n = 31) were not included for the late toxicity assessment. At the
time of analysis, 141 patients (57%) experienced acute RIET and
28 (13%) late RIET. Irrespective of the treatment modality, the
acute grade 2 and 3 rate for all patients was 47% (n = 116), 4.5%
(n = 11), respectively, and 8.3% (n = 18) and 1.4% (n = 3) for late
RIET, respectively. There was no acute or late grade 4/5 toxicity.
Median time between the first day of radiotherapy and the maxi-
mum acute RIET of (grade 2 and 3) was 0.7 (range, 0.17–2.90)
and 1.6 (range, 0.5–2.03) months, respectively.
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Table 2
Associations between patient-, tumor-, and therapy-related characteristics and radiation esophagitis toxicity.

Parameter Acute Esophagitis (n = 247) Late Esophagitis (n = 216)

Grade 2 Grade 3 Grade 1 Grade 2

HR 95% CI p value HR 95% CI p value HR 95% CI p value HR 95% CI p value

Gender
Female (ref) 1.00 0.48–1.29 0.342 1.00 0.22–13.62 0.596 1.00 0.15–3.24 0.635 1.00 0.40– 0.286
Male 0.79 1.74 0.69 3.00 22.52

Age, years
�65 (ref) 1.00 0.32–0.70 <0.001 1.00 0.19–2.25 0.507 1.00 0.35–4.21 0.756 1.00 0.30–1.98 0.586
>65 0.47 0.66 1.22 0.77

Treatment
Primary Tumor (ref) 1.00 0.29–1.34 0.223 1.00 0–845.13 0.533 1.00 0–2254.28 0.569 1.00 0.06–3.67 0.485
Relapse 0.62 0.04 0.04 0.49

Smoking status
Former/Never (ref) 1.00 1.08–2.26 0.018 1.00 0.68–9.58 0.168 1.00 0.27–3.26 0.928 1.00 0.37–2.32 0.858
Current 1.56 2.54 0.94 0.92

No. of cigarettes per day
�30 (ref) 1.00 0.75–1.58 0.638 1.00 0.19–2.38 0.537 1.00 0.12–1.98 0.319 1.00 0.57–4.03 0.409
>30 1.09 0.67 0.49 1.51

No. of packs yearsa

�63 (ref) 1.00 0.69–1.46 0.994 1.00 0.30–3.81 0.909 1.00 0.16–2.18 0.426 1.00 0.75–3.26 0.234
>63 1.001 1.08 0.59 1.56

History of alcoholism
No (ref) 1.00 0.80–1.82 0.369 1.00 0–20.86 0.277 1.00 0.17–6.67 0.906 1.00 0.61–5.37 0.29
Yes 1.21 0.02 1.11 1.80

History of dysphagia
No (ref) 1.00 0.70–3.22 0.301 1.00 0.29–17.76 0.442 1.00 0.31–19.43 0.394 1.00 0.21–

11.81
0.669

Yes 1.50 2.25 2.46 1.56
History of weight loss
No (ref) 1.00 0.36–0.99 0.045 1.00 0.99–10.63 0.052 1.00 0.22–4.88 0.967 1.00 0.60–4.74 0.326
Yes 0.60 3.24 1.03 1.68

KPS
>80 (ref) 1.00 0.50–1.04 0.084 1.00 0.25–2.73 0.764 1.00 0.74–11 0.13 1.00 0.29–1.91 0.531
�80 0.73 0.83 2.84 0.74

Weight before RT, Kg
�75 (ref) 1.00 0.60–1.32 0.566 1.00 0.36–8.06 0.497 1.00 0.16–2.00 0.375 1.00 0.84–

47.71
0.074

>75 0.89 1.71 0.56 6.32
Histology
SCLC (ref) 1.00 0.44–1.01 0.054 1.00 0.23–3.21 0.813 1.00 0.24–5.51 0.866 1.00 0.39–4.80 0.626
NSCLC 0.67 0.85 1.14 1.37

Clinical Stage
I-II (ref) 1.00 0.97–4.50 0.058 1.00 0.007–86197 0.446 1.00 0.17–10.45 0.791 1.00 0.35– 0.346
III-IV 2.09 24.12 1.32 2.64 19.83

Surgery
No (ref) 1.00 0.42–1.25 0.25 1.00 0–35.33 0.347 1.00 0.06–3.64 0.462 1.00 0.11–2.11 0.335
Yes 0.73 0.04 0.46 0.48

Radiation treatment, days
�45 (ref) 1.00 0.60–1.25 0.434 1.00 0.14–1.58 0.217 1.00 0.09–1.29 0.111 1.00 0.77–6.03 0.147
>45 0.87 0.46 0.33 2.15

Radiation total dose, Gy
�60 (ref) 1.00 0.71–1.48 0.89 1.00 0.15–1.79 0.303 1.00 0.16–1.95 0.355 1.00 1.01–9.28 0.049
>60 1.03 0.52 0.55 3.05

Radiation fractionation
Once daily (ref) 1.00 2.14–6.25 <0.001 1.00 0–593.39 0.519 1.00 0.14–8.69 0.928 1.00 0.29–5.48 0.759
Twice daily 3.66 0.04 1.10 1.26

Concurrent CRT
No (ref) 1.00 1.21–2.53 0.003 1.00 0.87–12.39 0.079 1.00 0.44–5.58 0.482 1.00 0.53–3.42 0.528
Yes 1.75 3.29 1.58 1.35

PTV, ccb 1.001 1,00001–
1.001

0.045 1.001 0.99–1.003 0.201 1.00 0.998–
1.003

0.816 1.001 0.99–
1.003

0.202

CTV, ccb 1.001 1,0001–1.002 0.025 1.003 1.000008; 1.005 0.049 0.998 0.99–1.004 0.51 1.001 0.99–
1.004

0.556

GTV, ccb 1.002 1,0003–1.004 0.021 1.003 0.99–1.01 0.32 1.003 0.997–1.01 0.331 1.00 0.99–1.01 0.957
Volume of esophagusb 0.98 0.97–1 0.056 1.026 0.98–1.07 0.274 1.01 0.97–1.06 0.595 1.01 0.97–1.05 0.724
Dmin of esophagusb 1.05 0.98–1.12 0.155 1.057 0.83–1.34 0.65 0.84 0.41–1.73 0.634 1.11 0.97–1.27 0.119
Dmax of esophagusb 1.02 1.004–1.03 0.012 1.022 0.97–1.08 0.397 0.99 0.96–1.03 0.642 1.01 0.98–1.05 0.424
MEDb 1.03 1.01–1.05 <0.001 1.048 0.99–1.11 0.079 1.003 0.95–1.06 0.925 1.04 0.997–

1.08
0.068

Median Dose of esophagusb 1.02 1.01–1.03 0.002 1.026 0.99–1.06 0.131 1.02 0.98–1.05 0.35 1.01 0.98–1.04 0.516
V5

b 1.02 1.01–1.03 0.001 1.02 0.98–1.06 0.292 1.01 0.97–1.05 0.611 1.03 0.999–
1.06

0.056

V10
b 1.02 1.01–1.03 0.001 1.02 0.99–1.06 0.218 1.01 0.98–1.05 0.541 1.02 0.99–1.05 0.128

V15
b 1.02 1.01–1.03 <0.001 1.02 0.99–1.06 0.164 1.01 0.98–1.04 0.641 1.01 0.99–1.04 0.286

V20
b 1.02 1.01–1.03 <0.001 1.03 0.997–1.07 0.077 1.003 0.97–1.04 0.822 1.02 0.995–

1.05
0.111
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Table 2 (continued)

Parameter Acute Esophagitis (n = 247) Late Esophagitis (n = 216)

Grade 2 Grade 3 Grade 1 Grade 2

HR 95% CI p value HR 95% CI p value HR 95% CI p value HR 95% CI p value

V25
b 1.02 1.01–1.03 <0.001 1.03 0.996–1.07 0.084 1.003 0.97–1.04 0.853 1.02 0.99–1.04 0.179

V30
b 1.02 1.01–1.03 <0.001 1.03 0.998–1.07 0.062 1.003 0.97–1.04 0.849 1.02 0.99–1.04 0.162

V35
b 1.02 1.01–1.03 <0.001 1.03 0.994–1.07 0.101 1.004 0.97–1.04 0.788 1.02 0.995–

1.05
0.114

V40
b 1.02 1.01–1.03 <0.001 1.03 0.99–1.06 0.133 1.004 0.97–1.04 0.79 1.02 0.99–1.04 0.132

V45
b 1.02 1.01–1.02 0.003 1.03 0.99–1.06 0.132 1.004 0.97–1.04 0.819 1.01 0.99–1.04 0.284

V50
b 1.01 1.002–1.02 0.019 1.03 0.995–1.06 0.103 1.003 0.97–1.04 0.857 1.02 0.99–1.04 0.236

V55
b 1.01 1.0002–1.02 0.045 1.03 0.999–1.06 0.056 0.994 0.96–1.04 0.782 1.02 0.995–

1.05
0.144

V60
b 1.01 0.996–1.02 0.177 1.03 0.996–1.06 0.081 0.995 0.95–1.04 0.812 1.02 0.997–

1.05
0.086

V65
b 1.02 0.99–1.03 0.314 1.00 0.94–1.06 0.991 0.96 0.87–1.05 0.361 1.02 0.98–1.05 0.392

V70
b 0.99 0.97–1.02 0.599 1.03 0.97–1.08 0.364 0.971 0.86–1.01 0.644 0.99 0.92–1.06 0.779

rs11466353
TT/TG (ref) 1.00 0.56–1.94 0.892 1.00 0.101–2.17 0.331 1.00 0.103–2.28 0.360 1.00 0.12–0.91 0.033
GG 1.04 0.47 0.49 0.33

rs7459185
GG/GC (ref) 1.00 0.71–2.61 0.346 1.00 1.35–19.15 0.016 1.00 0.15–9.44 0.866 1.00 0.08–4.62 0.635
CC 1.37 5.08 1.19 0.61

rs2868371
CC (ref) 1.00 0.73–1.54 0.758 1.00 0.49–4.37 0.489 1.00 0.56–5.29 0.338 1.00 0.23–1.75 0.383
CG/GG 1.06 1.47 1.73 0.64

rs1800469
AA (ref) 1.00 0.61–1.43 0.739 1.00 0.27–2.92 0.850 1.00 0.43–11.43 0.345 1.00 0.18–2.51 0.556
AG/GG 0.93 0.89 2.21 0.67

rs1800468
CC (ref) 1.00 0.61–1.74 0.902 1.00 0.34–7.33 0.557 1.00 0.59–15.72 0.183 1.00 0.58–5.1 0.332
CT/TT 1.03 1.58 3.05 1.72

rs11466343
CC (ref) 1.00 0.44–2.29 0.982 1.00 0.29–18.30 0.435 1.00 0.65–60.41 0.112 1.00 0–293.97 0.490
CT/TT 1.01 2.29 6.28 0.05

rs2868370
GG (ref) 1.00 0.54–1.69 0.874 1.00 0.27–13.40 0.525 1.00 0.09–24.18 0.775 1.00 0.57– 0.191
GA/AA 0.96 1.89 1.50 3.11 17.02

Abbreviations: KPS, Karnofsky performance status; NSCLC, non-small-cell lung carcinoma; SCLC, small-cell lung carcinoma; RT, radiation therapy; CRT, chemoradiation; GTV,
gross tumor volume; CTV, clinical target volume; PTV, planning target volume; MED, mean esophagus dose; Dmin of esophagus, the minimum dose; Dmax of esophagus, the
maximum dose; V(x), volume of normal esophagus receiving X Gy or more radiation.

a Number of pack years = (packs smoked per day) � (years as a smoker).
b Dosimetric parameters were analyzed as continuos variables.
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Correlation between esophageal toxicity, clinical–pathological
characteristics and the selected SNPs

The genotype distributions of TGFB1 and HSPB1 SNPs among LC
patients are displayed in Supplementary Table 1. Univariate analy-
ses in order to identify associations between patient-, tumor-, and
therapy-related characteristics and acute and late RIET are shown
in Table 2. Concerning patient characteristics, age, smoking status
and weight loss history were found to be associated with grade 2
acute RIET in univariate analysis. The PTV and the GTV were also
significantly associated with acute grade 2 esophagitis, whereas
CTV was associated with both acute grade 2 and 3 esophagitis.
Mean and median esophagus dose (MED) and dosimetric parame-
ters from volume of esophagus (in percent) exposed to 5 Gy (V5) to
V55, were likewise associated with acute RIET grade 2 risk in the
univariate analysis. Regarding the type of treatment, radiation frac-
tionation and concurrent radiochemotherapy, were associated
with acute grade 2 esophagitis. Concerning late esophageal dam-
age, median time for development after completion of RT was
9 months (3–18 months). Irradiation dose and fractionation were
both correlated with grade 2 late RIET. Across the SNP selected
for validation, there were no statistically significant connections
between the rs2868371 CC genotype and higher risk of acute or
late esophagitis (acute grade 2 esophagitis: p value = 0.758; acute
grade 3 esophagitis: p value = 0.489; late grade 1 esophagitis: p
value = 0.338; late grade 2 esophagitis: p value = 0.383). Identi-
cally, rs1800469 AG/AA genotypes previously associated with
higher risk of RIET were not statistically significant (acute grade
2 esophagitis: p value = 0.739; acute grade 3 esophagitis: p
value = 0.850; late grade 1 esophagitis: p value = 0.345; late grade
2 esophagitis: p value = 0.556). Concordant results were obtained
related to the rs2868370 previously studied but not associated
with RIET (acute grade 2 esophagitis: p value = 0.874; acute grade
3 esophagitis: p value = 0.525; late grade 1 esophagitis: p
value = 0.775; late grade 2 esophagitis: p value = 0.191).

For the rest of SNPs, patients carrying the rs7459185 CC geno-
type were associated with a higher risk of acute grade 3 RIET
(HR = 5.08; 95% CI = 1.35–19.15; p = 0.016). This effect was virtu-
ally unchanged when logistic regression model with a stepwise
backward elimination procedure of factors associated with acute
esophagitis was used (HR = 17.73; 95% CI = 2.896–108.49;
p = 0.002), suggesting that the association between acute grade 3
esophagitis incidence and rs7459185 CC genotype is an indepen-
dent factor (Table 3; Fig. 1). This association was significant after
adjustment for multiple testing (p = 0.02), assuming a Bonferroni
correction. Patients exhibiting rs7459185CC genotype had acute
grade 3 RIET rate of 17% (3/18) compared with 4% (8/229) in
patients having rs7459185 GG/GC. Fig. 2A shows the RIET as a
function of time according to the rs7459185 SNP and V30. Patients
with high (>median) V30 and the rs7459185 GG/GC genotypes had



Table 3
Multivariate analysis using a Cox regression model with a stepwise backward elimination procedure of factors associated with acute and late esophagitis.

Parameter Acute esophagitis Late esophagitis

Grade 2 Grade 3 Grade 2

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Age, years
�65 (ref) 1.00 0.394–1.007 0.054
>65 0.63

KPS
�80 (ref) 1.00 1.606–286.12 0.020
>80 21.43

No. of cigarettes per day
�30 (ref)
>30

No. of packs yearsa

�63 (ref)
>63

rs11466353
TT/TG (ref) 1.00 0.103–0.830 0.021
GG 0.29

rs7459185
GG/GC (ref) 1.00 2.896–108.49 0.002
CC 17.73

Radiation total dose, Gy
�60 (ref) 1.00 0.945–8.920 0.063
>60 2.90

Radiation fractionation
Once daily (ref) 1.00 1.604–5.067 <0.001
Twice daily 2.85

V20 1.02 1.019–1.006 0.003
V30 1.04 0.993–1.087 0.097

Abbreviations: KPS, Karnofsky Performance Status; V(x), volume of normal esophagus receiving � Gy or more radiation.
Bold value indicates a statistically significant difference with a p-value less than 0.05

a Number of pack years = (packs smoked per day) � (years as a smoker).

Fig. 1. Kaplan–Meier curve for acute grade 3 and late grade 2 radiation-induced esophagitis in lung cancer patients carrying different rs7459185 and rs11466353 genotypes.
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a significantly lower RIET incidence (p < 0.001) compared with
patients carrying the CC genotype.

Additionally, LC patients with the rs11466353 GG genotype
showed an association with a lower risk of late grade 2 RIET devel-
opment (HR = 0.33; 95% CI = 0.12–0.91; p = 0.033) which was fur-
ther unchanged in multivariate analyses (HR = 0.29; 95%
CI = 0.103–0.830; p = 0.021) (Table 3; Fig. 1). This association was
not significant after adjustment for multiple testing (p = 0.105),
assuming a Bonferroni correction. Patients harboring the
rs11466353 TT/TG genotypes exhibit a late grade 2 RIET rate of
23% (5/21) compared with 7% (13/196) in patients with
rs11466353 GG genotype. Fig. 2B shows the RIET as a function of
time according to the rs11466353 SNP and the delivered radiation
dose. Patients receiving high (>60 Gy) radiation doses and the
rs11466353 GG genotype had a significantly lower RIET incidence
(p = 0.025) compared with patients carrying the TT/TG genotypes.
Eventually, no statistical significant association was found for the
rest of SNPs analyzed linked to RIET risk development.

The SNPs were also analyzed according lung cancer subtypes.
For patients with adenocarcinoma (N = 69), only the rs7459185
SNP showed a significant association with acute grade 2 radiation
esophagitis (HR: 3.34; 95% CI 1.16–9.59; p = 0.025). Patients
exhibiting rs7459185CC genotype had acute grade 2 RIET rate of
100% (4/4) compared with 51% (33/65) in patients having
rs7459185 GG/GC. For patients with squamous cell carcinoma
(N = 102), only the rs11466353 SNP showed an association with
acute grade 3 (HR: 0.12; 95% CI 0.02–0.99; p = 0.049) and late grade
1 (HR: 0.13; 95% CI 0.10–0.86; p = 0.025) RIET. Patients harboring
the rs11466353 TT/TG genotypes exhibit an acute grade 3 and late
grade 1 RIET rate of 18% (2/11) and 20% (2/10) compared with 2%



Fig. 2. Kaplan–Meier curve for: (A) the effect of the rs7459185 genotypes in lung cancer patients receiving high (>median) V30 on the cumulative incidence of acute grade 3
radiation-induced esophagitis; and (B) the effect of the rs11466353 genotypes in lung cancer patients receiving high (>median) radiation doses on the cumulative incidence
of late grade 2 radiation-induced esophagitis.

Fig. 3. Expression quantitative trait loci analysis of HSPB1 in the presence of the three different rs7459185 genotypes using data from the Genotype-Tissue Expression
project.
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(2/91) and 3% (2/78), respectively, in patients with rs11466353 GG
genotype. For those cases with small-cell carcinoma (N = 57), there
was not any statistical significant association.

The SNP rs7459185 is a downstream gene variant located in the
chromosomal position chr7:76305323 (Supplementary Fig. 1). To
provide biologically plausible support to the association and the
prediction obtained, rs7459185 different genotypes and HSPB1
mRNA expression patterns were evaluated by expression quantita-
tive trait loci analysis using lung tissue and blood cells expression
data from the Genotype-Tissue Expression Database. The results
showed a decrease in the HSPB1 mRNA expression levels in the
presence of the rs7459185 CC genotype; while there were no evi-
dent changes between HSPB1 mRNA expression levels between
different genotypes in case of lung tissue (Fig. 3).
Discussion

Over half of all LC patients are currently treated with RT; how-
ever the treatment is sometimes severely limited by the need to
constrain the dose to the surrounding normal tissues in order to
preserve their function. Esophageal toxicity caused by RT is a real
and potentially debilitating toxicity which is estimated to be
mainly caused by patient-related factors.
In the present study, half of patients suffered from acute
esophagitis grade 2 or 3, which implies a complication that may
require invasive treatments and delay the systemic therapies,
despite a relatively homogeneous treatment. This common event
has been previously explained as a result of the general concomi-
tant platinum-based chemotherapy used in LC treatment due to
radio-sensitizing nature of these agents [25–27]. Concurrent
chemoradiation was associated with grade 2 acute esophagitis in
univariate analysis but not for grade 3, much more severe and
life-threatening in some cases, requiring enteral or parenteral
nutrition. Therefore, concurrent chemoradiotherapy might not
answer the more severe cases of toxicity nor explain the variability
of the normal tissue response.

Alternatively, dosimetric factors such as the volume of the
esophagus in percentage that receives a certain irradiation dose
(Gy) as well as esophagus delineation might be suitable predictive
dosimetric factors for esophagitis. Escalating the radiation therapy
dose seems to increase toxicity risk development, especially when
chemotherapy is concomitantly administered. Higher radiation
therapy doses with concurrent chemotherapy result in poorer sur-
vival, partially due to the high levels of toxicity, which suggests
that the optimal radiation dose has yet to be reached [28].

As a non-invasive alternative for molecular diagnosis and treat-
ment monitoring we propose the association study between 7
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SNPs, 2 previously described to be linked to RIET risk development
(rs1800469 and rs2868371). Firstly, we did not find evidence of
associations between the rs1800469, and rs2868371 in our cohort.
The connection between the rs1800469 GA/AA genotypes was
tested in early-grade RIET in a Chinese population [19], and next
confirmed in an American study which also associated the pres-
ence of those genotypes with grade 3 toxicity [20]. Marked differ-
ences in cancer occurrence and treatment response may be
markers of differences in genetic susceptibility. The SNP distribu-
tion is well known to differ among ethnicities and somehow poly-
morphic alleles can be under negative or positive selection in a
population. The rs1800469 genotyping distribution is substantially
different compared to the one found in our population. Relating to
rs2868371, a previous American study linked a higher risk of grade
3 RIET with homozygosis for the most common allele C [24], with a
very similar genotyping distribution compared to ours. Neverthe-
less, ethnic background should be carefully considered and some
bias might affect those previous results owing to the small size
and single-institution population analyzed.

Regarding the non-previously described SNP analyzed, the
results obtained showed that patients carrying the rs7459185 CC
genotype located in HSPB1 sequence present a significantly higher
risk of acute RIET while LC patient’s harboring the rs11466353 TT/
TG genotypes are associated with a higher susceptibility for late
RIET development. The association between these genotypes and
higher esophagitis risk resulted independent of other clinical–
pathological and treatment factors although the SNP rs11466353
association did not retained statistical significance after Bonferroni
correction. Interestingly, only the rs7459185 SNP showed a signif-
icant association with RIET when analyzing adenocarcinoma cases
and only the rs11466353 SNP showed an association with RIET for
patients with squamous cell carcinoma. We acknowledge that the
distribution of cases across histological subtypes in our series is
not representative in the clinical setting, where there is usually
much more adenocarcinoma than squamous cell carcinomas.
These SNPs are within the TGFB1 and HSPB1 sequences, which
are widely-known for their role in RT clinical response and have
been previously subjected as radiation tolerance biomarkers [29–
31].

On one hand, TGFB1 has been well-established to be associated
with radiation induced inflammation as a master switch for fibro-
sis development and persistence [17,32,33]. Moreover, ionizing
radiation induces TGFB1 release, and overall the literature suggests
plasma TGFB1 levels for its potential value to predict toxicities in
LC [34,35]. However, TGFB1 plasma measurement is challenging
because of its reproducibility, whereas DNA is more stable and
easily testable, giving the opportunity to individualize treatment.
Thus the use of associated TGFB1 SNPs as biomarkers is notably
convenient. The significant statistical association between the
rs11466353 TT genotype and late esophagitis merely might be a
prognostic biomarker and play an important role in the clinical
outcomes of LC patients. Nonetheless, to test the rs11466353 intro-
nic variant regulatory potential role in silico resulted in a struggle
due to the little data available, thus the molecular mechanisms
for the observed connection should be further investigated.

On the other hand, the rise of the rs7459185 CC genotype
within HSPB1 gene was linked to the risk of acute grade 3
esophagitis in LC patients. Bioinformatics’ analysis showed a
decrease in HSPB1 mRNA expression levels in the presence of the
rs7459185 CC risk genotype. HSPB1 is also well-known for its func-
tion in stress-induced cellular damage prevention and protein sta-
bility, being strongly induced by different stressors, including
ionizing radiation [36–38]. In this regard, high HSPB1 expression
levels enhance the antioxidant capacity of ionizing radiation.
Therefore, a HSPB1 down-regulation triggered by the rs7459185
C risk allele may increase cell sensitivity to RT, promoting RIET,
which may partly explain the underlying biological mechanisms
of the observed associations, although this hypothesis needs to
be confirmed.

In conclusion, we were able to identify genetic variants associ-
ated with the development of short- and long-term side effects of
RT. To our knowledge, this is the first evidence that the presence of
different genotypes of both SNPs (rs7459185/rs11466353) associ-
ate with acute or late RIET risk, respectively. Together with radia-
tion dosimetric and other risk factors, the genetic test performed in
the current analysis might be useful as biomarker in the prescrip-
tion of personalized RT.

Acknowledgements

This work was supported by grants from Instituto de Salud Carlos
III (PI13/01155, PI16/02104) and Consejeria de Salud of the Junta
de Andalucia (PI-0096-2012), Spain.
Conflicts of interest

None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radonc.2019.03.005.

References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin
2017;67:7–30. https://doi.org/10.3322/caac.21387.

[2] Toulany M, Rodemann HP. Phosphatidylinositol 3-kinase/Akt signaling as a key
mediator of tumor cell responsiveness to radiation. Semin Cancer Biol
2015;35:180–90. https://doi.org/10.1016/j.semcancer.2015.07.003.

[3] Willers H, Azzoli CG, Santivasi WL, Xia F. Basic mechanisms of therapeutic
resistance to radiation and chemotherapy in lung cancer. Cancer J
2013;19:200–7.

[4] Mehta V. Radiation pneumonitis and pulmonary fibrosis in non-small-cell lung
cancer: pulmonary function, prediction, and prevention. Int J Radiat Oncol Biol
Phys 2005;63:5–24. https://doi.org/10.1097/PPO.0b013e318292e4e3.

[5] Dholaria B, Dang S, Arnaoutakis K, Hardee M. Chapter 7: Gastrointestinal side
effects of palliative radiation therapy delivered via advanced technologies. In:
Fairchild A, editor. Palliative Radiation Therapy: Utilization of Advanced
Technologies, Vol. 2. New York, NY: Nova Science Publishers Inc; 2015. p.
125–52.

[6] Huang EX, Bradley JD, El Naqa I, Hope AJ, Lindsay PE, Bosch WR, et al. Modeling
the risk of radiation-induced acute esophagitis for combined Washington
University and RTOG trial 93–11 lung cancer patients. Int J Radiat Oncol Biol
Phys 2012;82:1674–9. https://doi.org/10.1016/j.ijrobp.2011.02.052.

[7] Werner-Wasik M. Treatment-related esophagitis. Semin Oncol 2005;32:S60–6.
[8] Werner-Wasik M, Paulus R, Curran Jr WJ, Byhardt R. Acute esophagitis and late

lung toxicity in concurrent chemoradiotherapy trials in patients with locally
advanced non-small-cell lung cancer: analysis of the radiation therapy
oncology group (RTOG) database. Clin Lung Cancer 2011;12:245–51. https://
doi.org/10.1016/j.cllc.2011.03.026.

[9] Glatzer M, Elicin O, Ramella S, Nestle U, Putora PM. Radio(chemo)therapy in
locally advanced non-small cell lung cancer. Eur Respir Rev 2016;25:65–70.
https://doi.org/10.1183/16000617.0053-2015.

[10] Marks LB, Bentzen SM, Deasy JO, Kong FM, Bradley JD, Vogelius IS, et al.
Radiation dose-volume effects in the lung. Int J Radiat Oncol Biol Phys
2010;76:S70–6. https://doi.org/10.1016/j.ijrobp.2009.06.091.

[11] Chen Y, Zhu M, Zhang Z, Jiang G, Fu X, Fan M, et al. A NEIL1 single nucleotide
polymorphism (rs4462560) predicts the risk of radiation-induced toxicities in
esophageal cancer patients treated with definitive radiotherapy. Cancer
2013;119:4205–11. https://doi.org/10.1002/cncr.28338.

[12] Fachal L, Gómez-Caamaño A, Peleteiro P, Carballo A, Calvo-Crespo P, Sánchez-
García M, et al. Association of a XRCC3 polymorphism and rectum mean dose
with the risk of acute radio-induced gastrointestinal toxicity in prostate cancer
patients. Radiother Oncol 2012;105:321–8. https://doi.org/10.1016/j.
radonc.2012.09.013.

[13] Andreassen CN, Alsner J. Genetic variants and normal tissue toxicity after
radiotherapy: a systematic review. Radiother Oncol 2009;92:299–309.

[14] West CM, Elliott RM, Burnet NG. The genomics revolution and radiotherapy.
Clin Oncol 2007;19:470–80. https://doi.org/10.1016/j.radonc.2009.06.015.

[15] Kerns SL, Ostrer H, Rosenstein BS. Radiogenomics: using genetics to identify
cancer patients at risk for development of adverse effects following

https://doi.org/10.1016/j.radonc.2019.03.005
https://doi.org/10.3322/caac.21387
https://doi.org/10.1016/j.semcancer.2015.07.003
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0015
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0015
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0015
https://doi.org/10.1097/PPO.0b013e318292e4e3
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0025
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0025
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0025
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0025
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0025
https://doi.org/10.1016/j.ijrobp.2011.02.052
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0035
https://doi.org/10.1016/j.cllc.2011.03.026
https://doi.org/10.1016/j.cllc.2011.03.026
https://doi.org/10.1183/16000617.0053-2015
https://doi.org/10.1016/j.ijrobp.2009.06.091
https://doi.org/10.1002/cncr.28338
https://doi.org/10.1016/j.radonc.2012.09.013
https://doi.org/10.1016/j.radonc.2012.09.013
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0065
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0065
https://doi.org/10.1016/j.radonc.2009.06.015


B.D. Delgado et al. / Radiotherapy and Oncology 135 (2019) 161–169 169
radiotherapy. Cancer Discov 2014;4:155–65. https://doi.org/10.1158/2159-
8290.CD-13-0197.

[16] Guo Z, Shu Y, Zhou H, Zhang W, Wang H. Radiogenomics helps to achieve
personalized therapy by evaluating patient responses to radiation treatment.
Carcinogenesis 2015;36:307–17. https://doi.org/10.1093/carcin/bgv007.

[17] Anscher MS. Targeting the TGF-beta1 pathway to prevent normal tissue injury
after cancer therapy. Oncologist 2010;15:350–9. https://doi.org/10.1634/
theoncologist.2009-S101.

[18] Kang HR, Cho SJ, Lee CG, Homer RJ, Elias JA. Transforming growth factor (TGF)-
beta1 stimulates pulmonary fibrosis and inflammation via a Bax-dependent,
bid-activated pathway that involves matrix metalloproteinase-12. J Biol Chem
2007;282:7723–32.

[19] Zhang L, Yang M, Bi N, Ji W, Wu C, Tan W, et al. Association of TGF-b1 and XPD
polymorphisms with severe acute radiation-induced esophageal toxicity in
locally advanced lung cancer patients treated with radiotherapy. Radiother
Oncol 2010;97:19–25. https://doi.org/10.1016/j.radonc.2010.08.015.

[20] Guerra JL, Gomez D, Wei Q, Liu Z, Wang LE, Yuan X, et al. Association between
single nucleotide polymorphisms of the transforming growth factor b1 gene
and the risk of severe radiation esophagitis in patients with lung cancer.
Radiother Oncol 2012;105:299–304. https://doi.org/10.1016/j.
radonc.2012.08.014.

[21] Yuan ST, Ellingrod VL, Schipper M, Stringer KA, Cai X, Hayman JA, et al. Genetic
variations in TGFb1, tPA, and ACE and radiation-induced thoracic toxicities in
patients with non-small-cell lung cancer. Thorac Oncol 2013;8:208–13.
https://doi.org/10.1097/JTO.0b013e318274592e.

[22] Guisasola MC, Calvo F, Marcos P, Simón I, Villanueva FJ, Andrés E, et al.
Peripheral leukocyte response to oncological radiotherapy: expression of heat
shock proteins. Int J Radiat Biol 2006;82:171–9.

[23] Pang Q, Wei Q, Xu T, Yuan X, Lopez Guerra JL, Levy LB, et al. Functional
promoter variant rs2868371 of HSPB1 is associated with risk of radiation
pneumonitis after chemoradiation for non-small cell lung cancer. Int J Radiat
Oncol Biol Phys 2013;85:1332–9. https://doi.org/10.1016/j.
ijrobp.2012.10.011.

[24] Lopez Guerra JL, Wei Q, Yuan X, Gomez D, Liu Z, Zhuang Y, et al. Functional
promoter rs2868371 variant of HSPB1 associates with radiation-induced
esophageal toxicity in patients with non-small-cell lung cancer treated with
radio (chemo) therapy. Radiother Oncol 2011;101(2):271–7. https://doi.org/
10.1016/j.radonc.2011.08.039.

[25] Qiao WB, Zhao YH, Zhao YB, Wang RZ. Clinical and dosimetric factors of
radiation-induced esophageal injury: radiation-induced esophageal toxicity.
World J Gastroenterol 2005;11:2626–9.

[26] Belderbos J, Heemsbergen W, Hoogeman M, Pengel K, Rossi M, Lebesque J.
Acute esophageal toxicity in non-small cell lung cancer patients after high
dose conformal radiotherapy. Radiother Oncol 2005;75:157–64.
[27] Singh AK, Lockett MA, Bradley JD. Predictors of radiation-induced esophageal
toxicity in patients with non-small-cell lung cancer treated with three-
dimensional conformal radiotherapy. Int J Radiat Oncol Biol Phys
2003;55:337–41.

[28] Ramroth J, Cutter DJ, Darby SC, Higgins GS, McGale P, Partridge M, et al. Dose
and fractionation in radiation therapy of curative intent for non-small cell lung
cancer: meta-analysis of randomized trials. Int J Radiat Oncol Biol Phys
2016;96:736–47. https://doi.org/10.1016/j.ijrobp.2016.07.022.

[29] Zhao L, Sheldon K, Chen M, Yin MS, Hayman JA, Kalemkerian GP, et al. The
predictive role of plasma TGF-beta1 during radiation therapy for radiation-
induced lung toxicity deserves further study in patients with non-small cell
lung cancer. Lung Cancer 2008;59:232–9.

[30] Yu HM, Liu YF, Cheng YF, Hu LK, Hou M. Effects of rhubarb extract on radiation
induced lung toxicity via decreasing transforming growth factor-beta-1 and
interleukin-6 in lung cancer patients treated with radiotherapy. Lung Cancer
2008;59:219–26.

[31] Hart JP, Broadwater G, Rabbani Z, Moeller BJ, Clough R, Huang D, et al. Cytokine
profiling for prediction of symptomatic radiation-induced lung injury. Int J
Radiat Oncol Biol Phys 2005;63:1448–54.

[32] Carl C, Flindt A, Hartmann J, Dahlke M, Rades D, Dunst J, et al. Ionizing
radiation induces a motile phenotype in human carcinoma cells in vitro
through hyperactivation of the TGF-beta signaling pathway. Cell Mol Life Sci
2016;73:427–43. https://doi.org/10.1007/s00018-015-2003-2.

[33] Anscher MS, Thrasher B, Zgonjanin L, Rabbani ZN, Corbley MJ, Fu K, et al. Small
molecular inhibitor of transforming growth factor-beta protects against
development of radiation-induced lung injury. Int J Radiat Oncol Biol Phys
2008;71:829–37. https://doi.org/10.1016/j.ijrobp.2008.02.046.

[34] Wang S, Campbell J, Stenmark MH, Zhao J, Stanton P, Matuszak MM, et al.
Plasma levels of IL-8 and TGF-b1 predict radiation-induced lung toxicity in
non-small cell lung cancer: a validation study. Int J Radiat Oncol Biol Phys
2017;98:615–21. https://doi.org/10.1016/j.ijrobp.2017.03.011.

[35] De Jaeger K, Seppenwoolde Y, Kampinga HH, Boersma LJ, Belderbos JS,
Lebesque JV. Significance of plasma transforming growth factor-beta levels in
radiotherapy for non-small-cell lung cancer. Int J Radiat Oncol Biol Phys
2004;58:1378–87.

[36] Itoh H, Tashima Y. The stress (heat shock) proteins. Int J Biochem
1991;23:1185–91.

[37] Mosser DD, Morimoto RI. Molecular chaperones and the stress of oncogenesis.
Oncogene 2004;23:2907–18.

[38] Hacker S, Lambers C, Hoetzenecker K, Pollreisz A, Aigner C, Lichtenauer M,
et al. Elevated HSP27, HSP70 and HSP90a in chronic obstructive pulmonary
disease: markers for immune activation and tissue destruction. Clin Lab
2009;55:31–40.

https://doi.org/10.1158/2159-8290.CD-13-0197
https://doi.org/10.1158/2159-8290.CD-13-0197
https://doi.org/10.1093/carcin/bgv007
https://doi.org/10.1634/theoncologist.2009-S101
https://doi.org/10.1634/theoncologist.2009-S101
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0090
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0090
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0090
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0090
https://doi.org/10.1016/j.radonc.2010.08.015
https://doi.org/10.1016/j.radonc.2012.08.014
https://doi.org/10.1016/j.radonc.2012.08.014
https://doi.org/10.1097/JTO.0b013e318274592e
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0110
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0110
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0110
https://doi.org/10.1016/j.ijrobp.2012.10.011
https://doi.org/10.1016/j.ijrobp.2012.10.011
https://doi.org/10.1016/j.radonc.2011.08.039
https://doi.org/10.1016/j.radonc.2011.08.039
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0125
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0125
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0125
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0130
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0130
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0130
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0135
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0135
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0135
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0135
https://doi.org/10.1016/j.ijrobp.2016.07.022
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0145
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0145
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0145
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0145
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0150
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0150
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0150
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0150
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0155
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0155
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0155
https://doi.org/10.1007/s00018-015-2003-2
https://doi.org/10.1016/j.ijrobp.2008.02.046
https://doi.org/10.1016/j.ijrobp.2017.03.011
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0175
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0175
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0175
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0175
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0180
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0180
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0185
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0185
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0190
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0190
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0190
http://refhub.elsevier.com/S0167-8140(19)30109-4/h0190

	Association of single nucleotide polymorphisms at HSPB1 rs7459185 and TGFB1 rs11466353 with radiation esophagitis in lung cancer
	Materials and methods
	Ethics statement
	Patient population
	Treatment planning
	Patient evaluation and follow-up
	Genotyping method and SNP selection
	Statistical analysis
	SNPs in silico analysis

	Results
	Patient characteristics
	Correlation between esophageal toxicity, clinical–pathological characteristics and the selected SNPs

	Discussion
	ack14
	Acknowledgements
	Conflicts of interest
	Appendix A Supplementary data
	References


