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Association between XRCC1 single-nucleotide
polymorphism and acute radiation reaction in
patients with nasopharyngeal carcinoma

A cohort study
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Abstract
To explore the association of the X-ray repair cross-complementing gene 1 (XRCC1) codon 399 single-nucleotide polymorphism |
(SNP) with acute radiation dermatitis and oral mucositis in nasopharyngeal carcinoma (NPC) patients treated by intensity-modulated
radiation therapy (IMRT).

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to detect the SNP of the XRCC1
codon 399 in 114 NPC patients before radiotherapy.

The risk of patients with the Arg/Arg genotype suffering from acute radiation dermatitis Grade >2 was higher than the other 2
genotypes (P=.014, 95% CI: 1.182-4.582). No significant difference was observed in the degree of acute radiation oral mucositis
injury among the patients with different genotypes (P=.449, 95% CI: 0.691-2.304). Multivariate analysis showed that N stage and
genotype were significantly associated with acute radiation dermatitis of Grade >2 (OR=3.221, P<.001, 95% CI: 1.669-6.216,
OR=2.860, P=.006, 95% CI: 1.354-6.043). T stage and smoking status were significantly associated with acute radiation oral
mucositis with Grade >2 (OR=2.508, P=.001, 95% CI: 1.427-4.408, OR=6.355, P<.001, 95% Cl: 2.533-15.841).

The XRCC1 codon 399 genotype in NPC could be an important predicting factor in the risk of acute radiation dermatitis during
IMRT.

Abbreviations: 3D-CRT = 3-dimensional conformal radiotherapy, Cl = confidence interval, CT = computed tomography, IMRT =
intensity-modulated radiation therapy, MRI = magnetic resonance imaging, NPC = nasopharyngeal carcinoma, OR = odds ratio,
PCR = polymerase chain reaction, PCR-RLFP = polymerase chain reaction-restriction fragment length polymorphism, PS =
performance status, RTOG = Radiation Therapy Oncology Group, SNP = single-nucleotide polymorphism, VRS = verbal rating

scales, XRCC1 = X-ray repair cross-complementing gene 1.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common
types of cancer that occurs in South China, and its morbidity
ranks first among the malignant tumors of the head and neck
region and ranks 11th among all malignant tumors."! Radio-
therapy is considered as the most important primary treatment
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for NPC.! The efficacy increases with the use of high-intensity
radiotherapy, but the risk of radiation injury also increases. The
skin and oral mucosa are the most commonly affected sites and
significant acute reactions are observed at these sites.>* Due to
those reasons some patients might drop the option of
radiotherapy, affecting their prognosis. Thus, there is a need
for exploring the factors associated with acute dermatitis and oral
mucositis caused by radiotherapy and currently this becomes one
of the hotspot of research for NPC patients undergoing
radiotherapy.

The reaction of normal tissues to radiotherapy is complex and
involves complicated biological processes that are influenced by
many external and intrinsic factors such as age, gender, staging,
pathological type, etc." 7! Normal tissues of different individuals
show different radioreactions after radiotherapy with similar
clinical dosage.!®! This difference in radiosensitivity may be
related, at least in part, to the intrinsic sensitivity determined by
individual genetic factors.”~"! Physicians have realized that the
intrinsic nature of radiosensitivity differences might be associated
with the differences in biological reaction of interrelated genes to
radiation. The gene mutations, gene polymorphisms, and
epigenetic modifications related to the biological effects of
radiations may cause radiosensitivity differences.[®1° DNA is the
key target of ionizing radiation. The direct effect of radiation and
the indirect effect of free radicals generated by ionization lead to
DNA injury. Whereas, differences in DNA repair functions can
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result in radiosensitivity differences among different individua-
1s.°! The X-ray repair cross-complementing gene 1 (XRCC1) was
the first gene proved to influence the sensitivity of cells to ionizing
radiation in mammals."" "' XRCC1 can affect the repair activity of
DNA, and it is the key protein in the base repair pathway, which
repairs DNA injury caused by ionizing radiation."*~'* Genetic
mutations occur in XRCC1 in malignant tumors, and single-
nucleotide polymorphism (SNP) arises as a common and
important genetic variation type. The existence of polymorphism
changes the structure of coding amino acids, and influences the
structure and function of the repair process.!'! In vitro studies
have proved that the sensitivity to radiotherapy was affected after
XRCC1 mutation.!"®! Previous clinical studies also indicated that
SNPs may act as potential biomarkers for predicting the
radiosensitivity of malignant and normal tissues.””'*'” In the
XRCC1 gene coding region, the 3 most common SNPs are
Arg194Trp (exon 6), Arg280His (exon 9), and Arg399Gln (exon
10).1'81 Among them, the most possible one that influences
cellular DNA repair is Arg399GIn.!"”! Although few studies have
demonstrated associations between gene polymorphism, DNA
repair function, and individual sensitivity,'**! other studies have
indicated associations between sensitivity to radiotherapy and
genetic changes.””131%17] There are a few reports on the
association between SNP of XRCC1 and radiotherapy sensitivity
as well as their related toxicities and side effects, 12131721221 ¢
limited data are available in NPC patients. Especially, the
association between the XRCC1 codon 399 SNP and radiation
injury still remains controversial.!'>!317:22-24]

Thus, in this study, after the detection of the XRCC1 codon
399 SNP in locally advanced NPC patients planned to receive
radiotherapy at our hospital, we analyzed the occurrence of
conditions such as acute radiation dermatitis and oral mucositis
in patients with different genotypes. In addition, we explored the
correlation between the SNPs and acute radiation dermatitis and
oral mucositis. Optimizing therapy is important to improve the
quality of life of the patients.

2. Materials and methods

2.1. Patients

Between August 1, 2013 and July 31, 2015, 114 NPC patients
who were initially treated at the Oncology Department of The
Fourth Affiliated Hospital of Guangxi Medical University were
enrolled.

The inclusion criteria were: patients 18 to 75 years of age who
were diagnosed with NPC by histological examination, no
distant metastasis at diagnosis, and the clinical stage II/IVa
according to the 7th AJCC/UICC staging system; at least one
measurable nasopharynx+neck lesion on magnetic resonance
imaging (MRI); radiotherapy model was a whole-course
intensity-modulated radiation therapy (IMRT); performance
status (PS) <2 or Karnofsky >70; and normal skin and oral
mucosa before the first radiotherapy fraction.

The exclusion criteria were: no pathological diagnosis; with
relapse or metastasis; severe comorbidities; dermatosis or
autoimmune disease; incomplete treatment regimen; interrupted
follow-up; or missing or incomplete data.

The project was approved by the Ethics Committee of the
hospital. All the enrolled patients had been informed regarding
the protocol and have signed the informed consent. Intravenous
blood (2mL) was drawn into EDTA anticoagulative tubes before
concurrent chemoradiotherapy. After standing still, the blood
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clot was taken out to extract DNA, and the DNA was stored at
—80°C. The information of all the enrolled patients was recorded
and followed up until 3 months after radiotherapy.

2.2. Therapy method
2.2.1. Chemoradiotherapy regimen. The patients initially

received induction chemotherapy for 2 to 3 cycles (paclitaxel
135mg/m” on the first day, cisplatinum 75 mg/m” on the first
day). After 3 weeks, concurrent chemoradiotherapy was
performed. All patients received radical IMRT, and the range
of therapy covered from the skull base to the clavicle. Computed
tomography (CT) simulation positioning was used in all patients,
and the target delineation was performed by CT and MRI fusion.
According to the ICRU 50 (International Commission on
Radiation Units and Measurements) and Report No. 62,
radiotherapy target was delineated, as well as contiguous
threatening of organs such as brainstem and spinal cord.
Radiotherapy was conducted using a 6-MV X-ray from Elekta
precise linear accelerator (Version 10.0.28; Varian Medical
Systems, Palo Alto, CA). The radiotherapy dosage to the
nasopharynx and neck in the presence of positive lymph node
70 to 76 Gy. The radiotherapy dose of CTV1 and CTV2 were 60
to 66 Gy and 54 to 60 Gy, respectively. All radiotherapies were
performed once daily, 5 times/week. In the concurrent chemo-
radiotherapy session, single cisplatinum regimen for 3 weeks was
applied (cisplatinum 75 mg/m?).

2.2.2. XRCC1 genotyping detection. Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) was used to
detect the genotypes. The primers were synthesized by Sangon
Biotech. Polymerase chain reaction (PCR) amplification included
DNA fragments of the XRCC1 codon 399 polymorphic site.

The primer was 5-TCCTCCACCTTGTGCTTTCT-3'. The
PCR reaction system included 25 pL of PCR mixture solution,
0.1 pg of template DNA, 0.4 pwmol/L primers, 0.1 mmol/L dNTP,
1.5mmol/L. MgCl,, 1.0U Taq polymerase, and 1x reaction
buffer. The PCR conditions included 95°C predenaturation for 5
minutes, followed by 95°C for 30seconds, 61°C for 30 seconds,
and 72°C for 45seconds, for a total of 35 cycles, followed by
extension for 10 minutes at 72°C. The PCR products of codon
399 (5 L) and the restriction endonuclease Pvull or Neil (5 L)
were incubated overnight at 37°C. PCR products (6 pL) were
taken and added into 2.0% agarose gel wells. Fifty base pairs of
DNA Ladder Marker (5ulL) was added in the first well as
standard reference. The gel was placed in Ix Trihydroxyamino-
methane + boric acid+ EDTA electrophoresis buffer, and hori-
zontal electrophoresis was performed under 120V for 40
minutes. After electrophoresis, the agarose gel was taken out,
placed under UV and photographed. The result of genetic typing
was recorded. In the presence of a mutation in the XRCC1 codon
399, the cleavage site is lost and cannot be recognized by Necil,
and only 1 fragment with 517 bp is generated. The digestion site
exists in the wild-type allele; after being digested by restriction
endonuclease Ncil, 2 fragments (384 and 133 bp) are generated.
Heterozygote generates 3 fragments (517, 384, and 133 bp).!*’!
Ten percent of all samples were selected randomly and delivered
to Sangon Biotech to sequence the PCR product to validate the
PCR-RFLP results.

2.3. Evaluation of radiation injury

Acute radiation injury is defined as injury appearing from the
initial day of radiotherapy until 3 months after the end of
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Baseline characteristics of the NPC patients.

Variable Number %
Gender

Male 86 754

Female 28 24.6
Age, y

>45 68 57.9

<45 46 421
T stage*

T 11 9.6

T2 11 9.6

T3 58 50.9
N stage*

NO 6 52

N1 27 23.7

N2 61 535

N3 20 17.5
Clinical stage”

I 65 571

IVA 49 42.9
Genotype

Arg/Arg 60 52.6

Arg/GIn 45 394

GIn/GIn 9 7.9

" 7th AJCCUICC staging system.

radiotherapy. In the process of patients’ radiotherapy, the
radiation injuries to the skin and oral mucosa were observed and
recorded 3 times daily. At the 1st and 3rd months after
radiotherapy, the evaluation was performed again. Upper neck
was selected as the observing area in patients with acute radiation
dermatitis. The severity was determined by specialists according
to the acute radiation injury grading standard from the Radiation
Therapy Oncology Group (RTOG). The occurrence rate of oral
mucositis was graded according to the RTOG grading
standard®®! and verbal rating scales (VRS).

2.4. Statistical analysis

Data were analyzed using SPSS 19.0 (IBM, Armonk, NY).
Goodness-of-fit Chi-square test was applied to confirm whether
each genotype complied with the Hardy—Weinberg equilibrium.
Univariate logistic regression analysis was applied to calculate the
association between acute radiation dermatitis at different
degrees, clinical factors, and genotype frequency. The factors
with statistical significance were entered into a multivariate
logistic regression model to obtain odds ratio (OR) and 95%
confidence interval (95% CI). P<.05 was considered to be
statistically significant.

3. Results

3.1. Patient enrollment

The number of enrolled patients in the initial experiment was
131, and 17 patients (14.9%) were excluded as complete follow-
up information could not be obtained. Finally, 114 patients were
enrolled in the study. There were 86 males and 28 females, with
ratio of 3.1:1. The age range was 18 to 71 years, with a median
age of 46 years. The clinical characteristics of all patients are
presented in Table 1.

bp bp
500 — — 517
400 — — 384
460 — —133

Figure 1. Agarose gel electrophoretogram of XRCC1 genotypes using PCR-
RFLP. M: DNA marker. The 3 fragments of the XRCC1 codon 399 digested by
the Ncil restriction enzyme are 517, 384, and 133 bp, respectively. 1, Arg/Arg
homozygote; 2, GIn/GIn homozygote; 3, Arg/Gin heterozygote.

3.2. Genotype distribution of the XRCC1 codon 399

XRCC1 codon 399 genotypes in the 114 patients are shown in
Table 1. Electrophoresis is shown in Fig. 1. The genotypic
distribution met the population genetics of the Hardy—Weinberg
equilibrium (P>.1). There was no association between the
XRCC1 codon 399 genotypes and smoking (P=.4435).

3.3. Acute radiation injury association with the XRCC1
codon 399 genotypes in locally advanced NPC

All patients with locally advanced NPC showed acute radiation
dermatitis and oral mucositis at different degrees, but no
radiation related adverse reactions Grade >4 were observed
(Table 2). There were 28 patients (24.6%) with the Arg/Arg
genotype who showed Grade >2 acute radiation dermatitis,
compared with 13 (11.4%) and 1 (0.9%) patients with the Arg/
GIn and GIn/Gln genotypes, respectively (Table 2). The risk of
patients with the Arg/Arg genotype of suffering from Grade >2
acute radiation dermatitis was higher than for the other 2
genotypes (P=.014, 95% CI: 1.182-4.582) (Table 2). The risk of
the wild-type allele Arg (G) suffering from Grade >2 acute
radiation dermatitis appeared higher than that of the mutant type
allele Gln (A) (P=.031, 95% CI: 1.122-11.312) (Table 2). In the
locally advanced NPC patients with different genotypes, the
injury degree of acute radiation oral mucositis showed no
significant difference (P=.449, 95% CI: 0.691-2.304) (Table 3).
The number of Grade >2 acute radiation oral mucositis occurring
in the Arg/Arg, Arg/Gln, and GIn/Gln genotypes were 42
(36.8%), 27 (23.7%), and 6 (5.3%), respectively (Table 3).

3.4. Correlation of the XRCC1 codon 399 SNP and clinical
parameters with acute radiation injury of locally advanced
NPC

Logistic regression analysis indicated that XRCC1 codon 399
and N stage were associated with Grade >2 acute radiation
dermatitis, while T stage and smoking status were associated with
Grade >2 acute radiation with oral mucositis (Table 4). Further
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Association of the clinical parameters including the XRCC1 codon
399 SNP and radiation dermatitis in patients with locally advanced
nasopharyngeal carcinoma.
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Association of the clinical parameters including the XRCC1 codon
399 SNP and radiation-induced oral mucositis in patients with
locally advanced nasopharyngeal carcinoma.

Skin toxicity grade

Oral mucositis grade

Confounding factors Grade 1 Grades 2-3 P 95% CI Confounding factors Grade 1 Grades 2-3 P 95% ClI
Gender 187 0.753-4.280 Gender 515 0.309-1.803
Men 58 28 Men 28 58
Women 15 13 Women 11 17
Age, y .829 0.499-2.382 Age, y .088 0.902-4.361
<45 30 16 <45 20 26
>45 43 25 >45 19 49
T staging 311 0.805-1.971 T staging .000 1.593-4.441
T 8 3 T 9 2
T2 10 1 T2 6 5
T3 32 26 T3 18 40
T4 22 12 T4 6 28
N staging .001 1.533-5.205 N staging 163 0.408-1.163
NO 4 2 NO 2 4
N1 24 3 N1 4 23
N2 38 23 N2 26 35
N3 6 14 N3 7 13
Genotype (Arg399Gin) Genotype (Arg399Gin)
Arg/Arg 32 28 014 1.182-4.582 Arg/Arg 18 42 449 0.691-2.304
Arg/Gin 32 13 Arg/Gin 18 27
GIn/GIn 8 1 GIn/GIn 3 6
Arg (G) 52 39 .031 0.122-11.312 Arg (G) 29 62 297 0.646-4.189
Gln (A) 19 4 Gin (A) 10 13
Smoking 48 21 129 0.838-3.990 Smoking 12 57 .000 3.009-16.873

Cl=confidence interval.

nonconditional logistic multivariate regression model fitting
showed that in acute radiation dermatitis, the order of relative
risk was N stage > genotype, suggesting that when each N grade
was increased, the risk of occurrence of Grade >2 acute radiation
dermatitis was increased by 3.221-fold (P<.001, 95% CI:
1.669-6.216) (Table 5); the risk of wild homozygous type Arg/
Arg was increased by 2.860-fold when compared with Arg/Gln
and GIn/Gln (P=.006, 95% CI: 1.354-6.043) (Table 5). For
Grade >2 acute radioactive oral mucosa, the order of relative risk
was smoking status >T stage, suggesting that when each T grade
was increased, the risk of occurrence of Grade >2 acute radiation
oral mucositis was increased by 2.508-fold (P=.001, 95% CI:

Cl=confidence interval.

1.427-4.408) (Table 4). The risk of smoking increased by 6.355-
fold the occurrence of Grade >2 acute radiation oral mucositis
(P<.001, 95% CI: 2.533-15.841) (Table 4).

4. Discussion

In this study, we analyzed the association between the XRCC1
codon 399 SNP and acute radiation dermatitis as well as oral
mucositis in 114 NPC patients who received radical IMRT
therapy, and the related risk factors were evaluated by logistic
regression analysis. The results indicated that the patients with
different genotypes showed significant differences in acute

Logistic regression analysis of factors of acute radiation-induced oral mucositis in patients with locally advanced nasopharyngeal

carcinoma.

Confounding factors B SE Wald P OR 95% Cl

T staging 0.919 0.288 10.204 .001 2.508 1.427-4.408
Smoking 1.846 0.468 15.584 <.001 6.355 2.533-15.841

Cl=confidence interval, OR=odds ratio, SE=standard error.

Logistic regression analysis of factors of acute radiation dermatitis in patients with locally advanced nasopharyngeal carcinoma.

Confounding factors B SE Wald P OR 95% Cl
N staging 1.170 0.335 12.164 <.001 3.221 1.669-6.216
Genotype (Arg399Gin) 1.051 0.382 7.581 .006 2.860 1.354-6.043

Cl=confidence interval, OR =odds ratio, SE =standard error.
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radiation dermatitis reaction. Patients with XRCC1 codon 399
Arg/Arg had higher risk of Grade >2 acute radiation dermatitis
compared with patients with the other genotypes. Multivariate
logistic regression analysis indicated that the genotype was a risk
factor for acute radiation dermatitis. The risk of wild-type Arg/
Arg was increased by 2.860-fold compared with Arg/Gln and
GlIn/Gln in the occurrence of Grade >2 acute radiation dermatitis.
Furthermore, it could protect the radiated normal tissues, which
was in line with previous studies.”"2* Alsbeih et all*?! also
observed the relationship between XRCC1 codon 399 SNP and
radioactive skin injury in patients who received radiotherapy for
head and neck cancer. They also believed that Arg allele could
increase the risk of radioactive skin injury. Although this study
focused on the advantage of radioactive injury, the acute and
terminal stages of adverse reactions acted upon the molecules and
cellular pathways in different mechanisms, wherein it might
include some other genes.*”! Li et al®*! also observed the
relationship between XRCC1 codon 399 SNPs and radiosensi-
tivity in NPC patients who received radical radiotherapy, but
they thought that heterozygous Arg/Gln patients were more likely
to suffer from severe acute skin injury (OR=2.65). Zhai et al'®]
found no association between XRCC1 codon 399 SNP and NPC
patients with acute radiation dermatitis. The results from a study
by Zhai et al'®! are different from those by Li et al'**! and this
difference might be correlated with the aspect that some patients
in the later study received 3-dimensional conformal radiotherapy
(3D-CRT) and some received IMRT. Furthermore, different
radiotherapies showed diverse influences in the predictive value
of different SNPs.*>*873% Another possible reason for the
inconsistency of the conclusion is that Li et al**! defined radiation
dermatitis Grade >3 as positive result according to CTCAE 3.0
Toxicity classification standard. On the other hand, in our study,
we defined radiation dermatitis Grade >2 as positive result
according to the RTOG toxicity classification standard.
Normally, radiation dermatitis whose degree was Grade <2 is
considered as an acceptable injury degree, which does not
influence further radiotherapy, but the skin injury Grade >2 is
considered as severe side-effect, and part of the patients need to
interrupt the therapy and be treated actively, which is in line with
the opinions of Li and Zheng*"! and Raabe et al.!"*! Thus, we
defined skin injury Grade >2 as positive result and Grade <2 as
negative result. Other possible reasons for the inconsistencies
with other studies include that all the patients with NPC were in
locally advanced stage, and all of them received mainstream
radical IMRT in this study. This not only proved the unification
of therapy indices, but also had common clinical significance.
Another reason includes that the reaction of individual to
ionizing radiation is synthetically affected by various genes and
polymorphism sites. Many polymorphism sites often exist in a
candidate gene, and the analysis of a single site could achieve
different conclusions.['%?1271 This is because the change in one
polymorphic site is not enough to change the clinical radiosensi-
tivity, since the combination of various polymorphic sites in
various genes determines the complexity of individual radiosen-
sitivity.*®) Additional studies that comprehensively analyze
panels of polymorphisms thought to be involved in radiosensi-
tivity are necessary. Nine previous studies about the XRCC1
codon 399 SNP and radioactive skin injury were included in a
meta-analysis.[13:21:23:2428-30.32.331 The forest plot (Fig. 2)
showed that there was no statistically significant correlation
between them. Thus, we cannot bring out specific answer about
the association observed in the present study.
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Figure 2. Relationship between the XRCC1 codon 399 SNP and radiation
dermatitis: a pooled analysis of studies by forest plot. P>.05; no statistically
significant correlations were found.

Our study also proved that N stage and genotype were risk
factors for acute radiation dermatitis, and smoking and T stage
for acute radioactive mucositis. Practically, as the N stage and T
stage increase, in order to control the tumor better, the target
volume of radiation dosage locally in the neck or oropharynx will
be increased, which further changes the relationship between
dosage-volume and radiation injury, and similar results have
been observed by Raabe et al,/*¥! Bentzen et al,**! and Musha
et al.*%! Furthermore, it has been reported that the risk of acute
severe oral mucosal injury in smoking patients is 6.355-fold
higher than that of nonsmoking patients. The reason behind this
is that the toxic substances such as phenols in tobacco can
stimulate oral mucosa. The increased temperature in the oral
cavity when smoking causes burning in the contact segment of
oral cavity. Smoking can also influence the local blood circulation
and humoral immunity. Furthermore, the proliferation of
epithelial cells in the oral mucosa of patients receiving
radiotherapy is poor, which may lead to more severe injuries
caused by radiotherapy. It has also been proved that the
epidermal growth factor levels in the saliva from smokers are
lower than those from nonsmokers. The epidermal growth factor
could promote wound healing which means that the repair of oral
mucosal injury is slow, which more easily caused severe oral
mucositis.[*®!

In conclusion, our study confirmed an association between
XRCC1 codon 399 genotype and the risk of acute radiation
dermatitis in locally advanced NPC patients. However, due to the
small sample size, analysis of additional genes in combination
with various biomarkers was not possible. In the future,
multicenter studies with a larger sample size should be performed
to explore the value of genetic factors on predicting radiosensi-
tivity. This further provides more powerful theory to support
individualized radiotherapy based on molecular markers.
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