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Abstract. The response to radiation therapy (RT) is
closely associated with DNA damage repair. X-ray repair
cross-complementing group-1 (XRCCI) is a key gene in the
DNA damage repair pathway, and SNPs in this gene alter the
expression and activity of its effector protein, which may in turn
affect sensitivity to RT. Therefore, the course of tumor treat-
ment and local control rate can be influenced. In the present
study, a group of 158 patients with nasopharyngeal carcinoma
(NPC) who received intensity-modulated RT at Fujian Cancer
Hospital (Fuzhou, China) between July 2012 and October 2013
were included in retrospective chart review and followed up.
Plasma was collected before treatment for genotype analysis
of the three SNPs of XRCC1, namely Argl94Trp, Arg280His
and Arg399GIn. Acute radiation-induced injuries sustained
during treatment was graded according to the Radiation
Therapy Oncology Group scoring criteria. Post-treatment
follow-up was performed until August 2020. In the 158 cases
of NPC, no statistically significant association was observed
between the three SNPs of the XRCCI1 gene and the severity of
acute radiation-induced injury or prognosis. However, the AA
genotype of XRCC1-Arg399GIn tended to be associated with
worse progression-free survival (PFS) compared with the GA
+ GG genotype, although this was not significant (P=0.069).
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In addition, multivariate logistic analysis showed that nodal
stage was significantly associated with the occurrence of acute
severe radiation-induced oral mucositis (P=0.018), and there
was also a trend towards an association between nodal stage
and the incidence of acute severe radiation-induced pharyn-
gitis; however, this was not statistically significant (P=0.061).
Furthermore, multivariate Cox regression analysis showed
that older age, distant metastasis and higher clinical stage
were independent risk factors for PFS in patients with NPC. In
conclusion, relying solely on the aforementioned SNPs of the
XRCCI1 gene may not provide a robust enough basis to predict
the response to RT or prognosis in patients with NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common
head and neck malignancies in Southeast Asia (1), and
radiation therapy (RT) is the main treatment approach (2).
Intensity-modulated RT (IMRT) is a conformal RT technique
that has been widely used in patients with NPC (3). IMRT
accurately controls the radiation dose locally in the lesion,
reduces damage to surrounding normal tissues, decreases the
incidence of complications (such as temporal lobe necrosis,
cranial neuropathy and/or hypothyroidism), and improves the
local area control rate of the tumor, while increasing the 5-year
overall survival rate of patients with NPC to ~80% (4-6).
However, ~85% of patients treated with IMRT experience
different degrees of acute and late radiation-induced injuries
such as oral mucositis, dermatitis, pharyngitis, temporal
lobe neuropathy, late xerostomia and trismus (7,8). More
specifically, ~20% of these patients suffer from acute severe
radiation-induced injuries, which often cause uncontrollable
pain, resulting in treatment interruptions (8,9). These inter-
ruptions eventually lead to failure of tumor control, thereby
shortening the overall survival time (10,11). However, the
lack of sensitive and specific biomarkers makes it difficult to
predict the occurrence of acute severe radiation-induced injury
in patients.

To understand the mechanism by which radiation-induced
injury occurs and to find useful markers, numerous risk factors
have been analyzed over the past few decades, including
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age, sex, smoking status, radiation dose, RT technique,
chemotherapy and genetics-related factors such as genetic
variants and epigenetics (12,13). With the rapid advancement of
radio-genomics, numerous studies have presented associations
between genetic variants of candidate genes and the toxicity
and efficacy of radiotherapy in patients with NPC (14,15).

Since radiation exposure destroys cells by inducing DNA
damage, the ability for DNA damage repair is a central factor
that influences tissue radiation sensitivity or damage (16).
X-ray repair cross-complementing group-1 (XRCCI) is a
pivotal DNA repair gene. The XRCCI protein encoded by
this gene serves a critical role in repairing base excision
and single-strand breaks induced by radiation (17,18). Prior
research has indicated that minor sequence variations within
these DNA repair genes, such as single-nucleotide polymor-
phisms (SNPs), have the potential to disrupt the function of
these genes, subsequently altering protein function and the
ability of individuals to effectively repair damaged DNA (19).
Ultimately, these genetic variations can influence susceptibility
to radiation-induced injuries (20).

Through the analysis of the human XRCCI1 gene sequence,
~16 SNP sites have been found to be located in exons or
promoter regions, with the three most important functional
SNP sites being Argl94Trp (rs1799782), Arg280His (rs25489)
and Arg399GIn (rs25487) (19). A previous meta-analysis of
the existing literature showed that, in breast, prostate and other
cancer types, the Arg399GIn SNP was notably associated with
the risk of acute adverse reactions induced by RT (21). These
results suggest that this SNP in the XRCCI1 gene is likely to be
a predictor of individual response to radiation.

However, in NPC, most of the studies on XRCC1 SNPs
investigated their relationship with tumor susceptibility (22,23),
whereas the associations with RT response and prognosis
have not been extensively analyzed (24,25). Therefore,
relevant observational studies are urgently needed to extend
the current understanding of the relationship between SNPs
in the XRCCl1 gene and the therapeutic effect of RT in NPC.
The purpose of the present study was to investigate whether
the aforementioned three major SNPs in the XRCC1 gene are
associated with the severity of acute radiation-induced injury
and prognosis of patients with NPC treated with IMRT.

Materials and methods

Patient selection. All patients with primary NPC who were first
diagnosed and treated with IMRT at Fujian Cancer Hospital
(Fuzhou, China) between July 2012 and October 2013 were
considered for inclusion in the present retrospective study.

Patients with NPC who met any of the following criteria
on admission were excluded: i) A Karnofsky Performance
Status (26) score <80; ii) severe dysfunction of the heart, lungs,
liver and/or kidneys; iii) history of any other malignancies; and
iv) prior clinical interventions such as surgery, radiotherapy
and chemotherapy.

The following inclusion criteria were applied: i) Availability
of comprehensive diagnostic information, including general
clinical characteristics, pathology reports, radiological find-
ings, as well as routine laboratory test results, with a particular
focus on plasma EBV-DNA concentration; ii) peripheral blood
was collected before treatment, genotype analysis of XRCC1

SNP was performed, and relevant results were recorded;
iii) definitive post-admission IMRT treatment was received,
radiation-induced injuries were examined and the severity of
damage was recorded; and iv) after the end of treatment, prog-
nostic follow-up examinations of the patients were regularly
performed, and complete case data, including recurrence or
death, were recorded.

The research protocol used in the present study was
approved by the Ethics Committee of Fujian Cancer Hospital
(approval no. K2021-046-01; Fuzhou, China). Written
informed consent was obtained from all adult participants, as
well as from the parents or guardians of minors included in
the study.

SNP genotyping. EDTA-K2 anticoagulated peripheral
blood (10 ml) was collected from patients before treatment.
Subsequently, 2 ml whole blood was utilized for the genotype
analysis of three SNP loci XRCC1-Argl94Trp, -Arg280His
and -Arg399Gln, which was completed within 3 months. The
remaining blood samples were kept at -80°C for re-examination.

For SNP genotyping, genomic DNA was extracted from
whole-blood samples with the DNeasy Blood and Tissue
Kit (Qiagen, Inc.) following the manufacturer's instructions.
Relevant segments of DNA were amplified by PCR using
HotStar Taq DNA polymerase (Qiagen, Inc.) under the
following conditions: An initial denaturation step at 95°C for
2 min, followed by 45 cycles of 15 sec at 94°C and 35 sec at 60°C,
concluding with a final cooling step at 25°C for 1 min. The
primer sequences for the SNP sites were as follows: Argl94Trp
forward, 5'-GCCAGGGCCCCTCCTTCAA-3' and reverse,
5'"TACCCTCAGACCCACGAGT-3'; Arg280His forward,
5'-CCAGTGGTGCTAACCTAATC-3' and reverse, 5'-CAC
TCAGCACCACTACCACA-3'; and Arg399Gln forward,
5S"TTGTGCTTTCTCTGTGTCCA-3' and reverse, 5'-TCC
TCCAGCCTTTTCTGATA-3'". The quality of the PCR product
was tested by running 5 pl PCR product on a 1% agarose gel
containing SYBR Green I Dye (Biosharp Life Sciences). Next,
the PCR products underwent Sanger sequencing, employing
the BigDye Terminator v3.1 Cyclic Sequencing Kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The sequencing was performed
on the ABI 3100 sequencer (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Sequencing results were aligned to the
corresponding reference sequence (NG_033799.1), and the
SNPs were genotyped using SeqManlI sequence analysis soft-
ware (version 6.3; DNASTAR, Inc.). Finally, the variants of
the three candidate SNPs in the XRCC1 gene were classified
into wild-type and polymorphic variants: Argl94Trp, CC and
CT/TT; Arg280His, GG and GA/AA; and Arg399GIn, GG and
GA/AA, respectively.

Grading of acute radiation-induced injuries. The detailed RT
regimen was as previously described (27). Briefly, patients were
examined by their radiation therapists weekly during IMRT
and at 4-6 weeks post-treatment for radiation-induced injury.
The severity of radiation-induced injury was assessed using
the radiation toxicity grading criteria of the Radiation Therapy
Oncology Group (28). Using this scale, grades 0-4 were desig-
nated, where O represented the absence of change over the
baseline and 4 indicated ulceration, hemorrhage or necrosis
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of the mucosa or skin. All scores were confirmed by the same
senior consultant physician to eliminate observer bias.

Follow-up frequency and content. The first post-treatment
visit of all patients was scheduled at 4 weeks post-IMRT treat-
ment. The follow-up frequency was as follows: Once a month
for the first 3 months, every 2 months for the next 6 months,
every 3 months for the next 2 years, and every 6 months
thereafter. The clinical follow-up included medical history
collection, physical examination, direct laryngoscopy and
routine laboratory tests such as liver function, complete blood
count and plasma EBV-DNA concentration measurement, as
well as MRI of the nasopharynx, neck and skull base every
6-12 months. Additional chest CT, abdominal ultrasound and
bone scans were performed if necessary to detect local or
distant recurrence. Outpatient visits, sending text messages,
telephone inquiries and reviewing medical records were
implemented as follow-up methods. The follow-up period
ended in August 2020.

Data collection. Basic information and general clinicopatho-
logical characteristics such as name, age, sex, pathological
type, tumor size, lymph node status and distant metastasis
were collected from patient admission to the time of diag-
nosis. Clinical staging of patients was performed according
to the American Joint Commission on Cancer guidelines
(7th edition; 2010) (29). The grade of the most serious acute
radiation-induced injuries that occurred in patients during the
observation period was recorded. Acute radiation-induced
injuries of less than grade 2 were generally considered to
represent an acceptable level of injury that did not further
affect RT outcomes. Therefore, grades 0-1 were defined as
none or mild, and grades 2+ were defined as moderate to
severe. Throughout the follow-up period, the progression-free
survival (PFS), instances of disease recurrence, metastasis,
development of second primary tumor and various survival
endpoints were documented. If follow-up continued to the end
of the study in August 2020, the survival time was calculated
from the beginning of treatment to the end of the study in
August 2020. Incomplete data from patients who were lost to
follow-up were treated as censored data.

Finally, the basic patient information and general clini-
copathological characteristics, tumor RT regimen and dose,
chemotherapy information, SNP genotyping, laboratory test
results, type and severity of acute radiation-induced injury, as
well as clinical follow-up time and outcomes were documented.

Statistical analysis. The data are presented as the mean or
as number (%). Every SNP was tested for deviation from the
Hardy-Weinberg equilibrium (HWE) using the Pearson y? test
with two degrees of freedom.

The following univariate tests were employed to compare
the frequency of oral mucositis, dermatitis and pharyngitis
among patients with different genotypes, adhering to the
following criteria: When the sample size (n) was =40 and all
cells had a theoretical frequency (T) of =5, Pearson y* test was
utilized; when n=>40 but at least one cell had a T of 1-5, the
Yates's correction for continuity was applied; and when n<40
or at least one cell had T<1, Fisher's exact test was used (30,31).
Subsequently, multivariate logistic regression analysis was
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performed to evaluate the association between every factor and
the occurrence of acute severe radiation-induced injuries by
computing the odds ratio (OR) and the corresponding 95% CI.

Survival rates were estimated using a univariate
Kaplan-Meier survival curve, which determined whether
the risk of PFS varied depending on the patient genotype. A
log-rank test was implemented to compare the differences in
survival time. In addition, multivariate Cox regression analysis
was performed, incorporating other variables that had previ-
ously been reported as significant in the literature, to identify
the parameters having an independent, significant influence on
PFS, and to calculate hazard ratios (HRs).

All statistical analyses were performed using SPSS
(version 22.0; IBM Corp.), and P<0.05 was considered to indi-
cate a statistically significant difference. Graphs were created
with GraphPad Prism (version 8.3.0; Dotmatics).

Results

Clinicopathological characteristics of patients with NPC. A
total of 158 patients with NPC were included in the present
study, and their general clinicopathological characteristics are
presented in Table I. The majority of patients with NPC were
male, and the mean age was 43.6 years (range, 11-74 years).
The predominant pathological type was non-keratinizing
undifferentiated NPC. Before treatment, 72 cases (46.5%)
were plasma EBV-DNA-positive, whereas 83 cases (53.5%)
were negative; no results were obtained for 3 cases. In general,
140 cases (88.6%) received the intended radiation dose ranging
from 66 to 70.95 Gy for the gross tumor volume of the primary
focus. Additionally, 10 cases (6.3%) received a dose <66 Gy,
while 8 cases (5.1%) received a dose >70.95 Gy. The total
incidence of acute radiation-induced injuries, including oral
mucositis, dermatitis and pharyngitis, in the patient cohort was
98.1, 84.2 and 88.0%, respectively.

Allele frequencies and genotype distribution. The representa-
tive gel images and Sanger sequencing traces of PCR products
containing XRCC1 gene SNPs are shown in Fig. S1, and the
characteristics of the three candidate SNPs of the XRCC1 gene
are presented in Table I1. Overall, all the genotype distributions
were in HWE (P>0.05 based on 9y test for each allele).

Association between candidate SNPs and the severity of acute
radiation-induced injuries. Acute radiation-induced injuries
that are most frequently observed in patients with NPC
during IMRT treatment include oral mucositis, dermatitis
and pharyngitis or dysphagia (3). In the present study, 24.7%
(n=39) and 75.3% (n=119) of patients experienced grade 0-1
and 2+ radioactive oral mucositis, respectively. A total of
84.2% (n=133) and 15.8% (n=25) of patients experienced
grade 0-1 and 2+ radioactive dermatitis, respectively. A total
of 88.6% (n=140) and 11.4% (n=18) of the patients developed
grade 0-1 and 2+ radioactive pharyngitis, respectively. No
grade 4 adverse reactions were observed in the current study
(Table I1II).

The data indicated no statistically significant association
between Argl94Trp, Arg280His and Arg399GIn SNPs in
the XRCC1 gene and the severity of acute radiation-induced
injuries in patients with NPC treated with IMRT (P>0.05).
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Table I. Clinicopathological characteristics of 158 patients
with nasopharyngeal carcinoma.

Clinicopathological characteristics No. (%)
Sex

Male 113 (71.5)

Female 45 (28.5)
Age at diagnosis, years

<60 145 (91.8)

=60 13 (8.2)
Pathological types

NKU 150 (94.9)

Others 8(5.1)
T stage

T1-T2 69 (43.7)

T3-T4 89 (56.3)
N stage

NO-N1 45 (28.5)

N2-N3 113 (71.5)
Distant metastasis

MO 152 (96.2)

Ml 6(3.8)
Clinical stage

I-11 15(9.5)

I-1v 143 (90.5)
EBV-DNA (n=155)

Positive 72 (46.5)

Negative 83 (53.5)
Radiation dose, Gy

<66 10 (6.3)

66-70.95 140 (88.6)

>70.95 8.1
Acute radiation toxicity®

Oral mucositis 155 (98.1)

Dermatitis 133 (84.2)

Pharyngitis 139 (88.0)

*Among the 158 patients, there were 3 individuals for whom no
EBV-DNA test results were available. "Some patients may simultane-
ously exhibit more than one type of radiation-induced injury. NKU,
non-keratinising undifferentiated nasopharyngeal carcinoma; IMRT,
intensity-modulated radiation therapy; EBV, Epstein-Barr virus.

Risk factors for moderate to severe radiation-induced
injuries. Multivariate logistic regression analysis was used to
evaluate the effects of risk factors that could have affected
the occurrence of acute severe oral mucositis, dermatitis and
pharyngitis. Sex, age, pathological type, tumor stage, nodal
stage, distant metastasis, clinical stage, plasma EBV-DNA
concentration, radiation dose, and XRCCI1-Argl94Trp,
XRCC1-Arg280His and XRCC1-Arg399GIn were included
as independent variables (Table IV). Of these, only nodal
stage was significantly associated with the occurrence of
acute severe radiation-induced oral mucositis (OR, 2.213; 95%

CI, 1.149-4.263; P=0.018). Nodal stage also showed a trend
towards an association with moderate to the incidence of
acute severe radiation-induced pharyngitis, although this was
not statistically significant (OR, 4.796; 95% CI, 0.930-24.736;
P=0.061). No association was observed between acute severe
radiation-induced injuries and the three candidate SNPs
(P>0.05).

Associations between candidate SNPs and PFS. The present
study followed up patients from July 2012 to August 2020.
During the follow-up period, primary lymph node recurrence
occurred in 6 patients, a local relapse in 7 patients and metas-
tasis in 29 patients. Additionally, a second primary tumor
developed in 6 patients. The mean PFS time was 69.8 months
(range, 0-97 months).

Patients with the AA genotype at the XRCC1-Arg399GIn
SNP had a worse PFS compared with patients with the GA +
GG genotype; however, this was not statistically significant
(P=0.069; Fig. 1F). None of the other SNPs examined in the
present study was associated with PFS (all P>0.05; Fig. 1A-E).

Survival analysis. Multivariate Cox regression analysis
was performed to identify the factors associated with
PFS. The results suggested that age (HR, 1.033; 95% ClI,
1.002-1.066; P=0.039), distant metastasis (HR, 36.641; 95%
CI, 6.908-194.349; P<0.001) and clinical stage (HR, 2.315;
95% CI, 1.073-4.995; P=0.032) were independent risk factors
for PFS. No statistically significant association was observed
between the investigated SNPs and PFS (P>0.05; Fig. 2).

Discussion

In the present study, the relationship between SNPs in the
XRCCI1 gene, which is a key factor in the DNA damage repair
pathway (17,18), and the severity of acute radiation-induced
injuries as well as prognosis in patients with NPC who received
IMRT treatment, were retrospectively analyzed. The analyses
of the current study aimed to explore biological indicators that
predict the response of patients with NPC to RT, which would
provide guidance to clinicians in the choice of personalized
treatment plans based on the specific tissue damage and tumor
progression risk.

The results of the present study indicated no significant
association between the three candidate SNPs in the XRCCl1
gene and acute radiation-induced injuries during IMRT treat-
ment in patients with NPC. This is consistent with the research
findings of Wang et al (32) in that the SNPs of two loci in the
XRCCI1 gene, Arg280His and Arg399Gln, were not associated
with the severity of acute radiation mucositis and dermatitis in
patients with NPC who received IMRT combined with chemo-
therapy. Similarly, Zhai et al (33) did not observe an association
between XRCC1-Arg399GIn and acute radiation-induced
injuries to the skin, mucous membranes and salivary glands
of 60 patients with stage III-IVA NPC. Chen et al (34) found
no notable difference in the severity of acute radiation-induced
oral mucositis among patients with NPC treated with IMRT
with different genotypes of XRCCI1-Arg399Gln; however, the
risk of acute radiation-induced dermatitis of grade 2 or more
in patients with the GG genotype was notably higher than
that of patients with the other two genotypes. Li ez al (35)
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Table II. Genotype distribution of the three candidate SNPs in the X-ray repair cross-complementing group-1 gene.

SNP (genotypes) NCBI dbSNP ID Alleles (amino acids) Genotype distribution®, n HWE (P-value)
Argl194Trp (CC/CT/TT) rs1799782 C>T (Arg>Trp) 80/67/11 0.547
Arg280His (GG/GA/AA) rs25489 G>A (Arg>His) 133/22/3 0.083
Arg399GIn (GG/GA/AA) 1s25487 G>A (Arg>Gln) 85/63/10 0.712

*Genotype distribution is shown as wild-type homozygotes/wild-type heterozygotes/mutant homozygotes. NCBI, National Center for
Biotechnology Information; ID, identification; HWE, Hardy-Weinberg equilibrium; dbSNP, Single Nucleotide Polymorphism Database.

Table III. Relationship between candidate SNPs and the severity of acute radiation-induced injuries.

Oral mucositis grade,

Dermatitis grade,

Pharyngitis grade,

n (%) n (%) n (%)
GO-I G2+ GO-I G2+ GO-l G2+
SNP/genotypes (n=39) (n=119)  P-value (n=133) (n=25) P-value (n=140) (n=18)  P-value
XRCC1-Argl194Trp
CC-wild (n=80) 17 (10.8) 63 (39.9) 0.311 67 (42.4) 13(8.2) 0882 69@43.7) 11(7.0) 0.345
CT + TT (n=78) 22 (139) 56(354) 66 (41.8) 12(7.6) 71(449) 744
TT-mutant (n=11) 4(2.5) 744 0569 10(6.3) 1(0.6) 0.837 11 (6.9) 0(0.0) 0.616
CT + CC (n=147) 35(122.2) 112(70.9) 123 (779) 24 (15.2) 129 (81.7) 18 (11.4)
XRCC1- Arg280His
GG-wild (n=133) 32(20.3) 101 (63.9) 0.675 113(71.5) 20 (12.7) 0533 119(753) 14(8.9) 0.655
GA + AA (n=25) 7(44) 18 (11.4) 20 (12.7)  5(@3.1) 21(133) 4(2.5)
AA-mutant (n=3) 0(0.0) 3(1.9) >0.999 3(1.9) 0(0.0) >0.999 3(1.9) 00.0) >0.999
GA+ GG (n=155) 39(24.7) 116(734) 130 (82.3) 25(15.8) 137 (86.7) 18 (11.4)
XRCC1- Arg399GIn
GG-wild (n=85) 21 (13.3) 64 (40.5) 0994 73(46.2) 12(7.6) 0526 78(494) 744 0.178
GA + AA (n=73) 18 (11.4) 55(34.8) 60 (38.0) 13(8.2) 62 (39.2) 11(7.0)
AA-mutant (n=10) 1 (0.6) 9(5.7) 0.463 8(5.1) 2(1.3) >0.999 8(5.1) 2(1.3) 0.711
GA+ GG (n=148) 38 (24.1) 110 (69.6) 125(79.1) 23 (14.5) 132 (83.5) 16(10.1)

All toxicities have been graded according to the Radiation Therapy Oncology Group morbidity criteria. Wild, wild-type homozygote; mutant,

mutant homozygote; XRCC1, X-ray repair cross-complementing group-1.

also observed that the GA genotype of XRCC1-Arg399GIn
was significantly associated with the occurrence of grade 3
dermatitis (P=0.037) and also showed a trend towards an
association with the incidence of grade 3 mucositis (P=0.065)
in patients with NPC. The discrepancies between the findings
of Li et al (35) and the present study may be due to analysis
biases in their cases, which used not only IMRT but also
three-dimensional (3D) conformal RT.

The multivariate logistic regression analysis performed
in the present study demonstrated a significant association
between nodal stage and the occurrence of acute severe
radiation-induced oral mucositis, and there was a trend
towards an association with the incidence of acute severe
radiation-induced pharyngitis; however, this was not statisti-
cally significant. Similar results were also obtained in the
study by Chen et al (34), which established that nodal stage
was significantly associated with grade 2 or greater acute
radiation-induced dermatitis (P<0.001). These findings

might suggest that for improved tumor control, as the nodal
stage increases, the local irradiation dose and area of the
oropharynx and/or neck near the lymph nodes should be
accordingly increased, resulting in intensification of related
radiation damage. Chen et al (34) also demonstrated that there
was no significant association between the severity of acute
radiation-induced injuries and radiation dose in patients with
NPC treated with IMRT, which is consistent with the findings
in the studies by Wang er al (32) and Li et al (35). This lack
of association might have been caused by higher uniformity
of the irradiation dose administered to local lesions, as IMRT
can be programmed with a target volume consistent with
the lesion parameters by 3D conformal technology, thereby
concentrating the effective dose on the lesion.

Prognostic analysis in the present study revealed that
the AA genotype of the XRCC1-Arg399GIn SNP tended to
be associated with a worse PFS compared with the GA +
GG genotype (P=0.069); however, this was not statistically
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Figure 1. Kaplan-Meier estimates of the probability of PFS according to the candidate SNPs of the X-ray repair cross-complementing group-1 gene. The
log-rank test was used to assess survival differences between two groups. (A) Argl94Trp, CC vs. CT + TT combined. (B) Argl94Trp, TT vs. CT + CC combined.
(C) Arg280His, GG vs. GA + AA combined. (D) Arg280His, AA vs. GA + GG combined. (E) Arg399GlIn, GG vs. GA + AA combined. (F) Arg399GIn, AA
vs. GA + GG combined. The PFS rate in patients with the Arg399GIn AA genotype appeared to be worse than that in patients with the Arg399GIn GA and
GG genotypes; however, there was no significant difference (P=0.069). PFS, progression-free survival.

significant, and there was no evidence that other candidate
SNPs in the XRCC1 gene were associated with poor prognosis
in patients with NPC. These results are consistent with the
findings in the study by Zhai er al (33). However, the study by
Jin et al (36) showed that heavy smokers (>20 packs/year) with
the XRCC1-Arg399GIn GG genotype had significantly higher
PFS times than smokers with other genotypes (P=0.047). This
discrepancy could potentially be attributed to their stratifi-
cation of patients based on smoking status, as well as their
detection of XRCC1 Arg399GIn from paraffin-embedded

biopsy specimens. Wang et al (32) found that the GG genotype
of XRCC1-Arg280His was positively associated with primary
tumor response at the end of RT in patients with NPC, which is
inconsistent with the findings of the present study. Nevertheless,
the main difference in the methodologies was that the study by
Wang et al (32) only explored short-term effects 3 months after
RT, which is not comparable with long-term effects at the 7- to
8-year follow-up assessed in the current study.

The multivariate Cox regression analysis conducted in the
present study showed that older age, the presence of distant
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Variables HR Adjusted HR (95% CI)  P-value
Sex (male vs. female) l—OI—l 0.688 (0.290-1.632) 0.396
Age i 1.033 (1.002-1.066) 0.039
Pathological type (NKU vs. others) F ® 0.581 (0.078-4.337) 0.597
Tumor stage 8- 0.719 (0.495-1.046) 0.084
Nodal stage —e— 1.076 (0.645-1.795) 0.779
Distant metastasis b—- —&— 36.641(6.908-194.349) <0.001
Clinical stage L — 2.315(1.073-4.995) 0.032
Plasma EBV-DNA concentration ] 1.000 (1.000-1.000) 0.655
Radiation dose [ ] 0.987 (0.948-1.027) 0.516
Arg194Trp (CC vs. CT+TT) | p— 1.268 (0.639-2.514)  0.497
Arg194Trp (TT vs. CT+CC) — 1.560 (0.359-6.778) 0.553
Arg280His (GG vs. GA+AA)  F——e—— 1.129 (0.473-2.692) 0.785
Arg280His (AA vs. GA+GG) | 1 1.666 (0.211-13.133)  0.628
Arg399Gin (GG vs. GA+AA) —— 1.178 (0.590-2.353) 0.643
Arg399Gin (AA vs. GA+GG)  F—fp— 0.766 (0.266-2.205) 0.621
Oral mucositis (GO-1 vs. G2+) | p— 1.020 (0.461-2.256) 0.962
Dermatitis (GO-1 vs. G2+)  b—t—— 1.025 (0.352-2.987) 0.964
Pharyngitis (GO-1 vs. G2+) F—&t— , 0.517 (0.144-1.860) 0.313
I T T T T T L B |
0 1 2 3 4 6 7 8 100200

Figure 2. Multivariate Cox regression analysis of the risk factors for progression-free survival. NKU, non-keratinizing undifferentiated nasopharyngeal

carcinoma EBV, Epstein-Barr virus; HR, hazard ratio.

metastasis and a higher clinical stage were independent risk
factors for poor PFS in patients with NPC, which is consistent
with previously published results (37). However, the find-
ings of the current study showed that PFS time in patients
with NPC was not associated with pretreatment plasma
EBV-DNA results, which is inconsistent with the results
of other studies (38,39). We hypothesized that the observed
discrepancy may have been caused by differences in primer
fragments used at the Clinical Laboratory of Fujian Cancer
Hospital (Fuzhou, China) to detect plasma EBV-DNA between
2012 and 2013, and those used after 2016 (40.,41).

The main strengths of the current study include the
following: i) To the best of our knowledge, the study was the
first to simultaneously analyze the three most important func-
tional SNPs in the XRCCI gene in patients with NPC, which
provides a more comprehensive understanding of the impact
that the XRCCI1 gene exerts in these patients; ii) prognostic
follow-up examinations were carried out over a period of
7-8 years, which is notably longer than the follow-up dura-
tion adopted in a number of previous studies (36,42), thus
the present study provided strong evidence for clarifying the
relationship between these SNPs and prognosis; and iii) the
choice of radiotherapy modality and the specific types of acute
radiation-induced injuries were deliberately restricted to mini-
mize potential sources of bias in the study design.

Nonetheless, several limitations of the present study should
be acknowledged: i) The study was a single-center, retrospec-
tive study, and selection biases could not be avoided; ii) the
size of the patient cohort and the total number of included
events are relatively small. This limitation is particularly
noticeable within specific subgroups, such as patients with
distant metastases, where the total number of cases is limited.
This may result in ‘sparse data bias’ in some subgroups,
consequently limiting statistical power (43,44); iii) in view
of the limited clinical data collected =10 years ago, not all
patients had complete records of relevant clinicopathological,
including the absence of descriptions of smoking status,
drinking habits and oral hygiene (45), which might have influ-
enced the accuracy of the multivariate analysis results; and

iv) due to the limited number of cases, the present study did
not stratify patients with cancer who received RT alone from
those undergoing combined radiochemotherapy regimens. The
use of chemotherapeutic drugs often exacerbates the severity
of acute radiation-induced injuries (46,47), which also might
have introduced bias into the analysis.

Previous studies have demonstrated that, in addition to the
SNPs in the DNA damage repair gene mentioned in the present
study, numerous other gene SNPs are also involved in the process
of radiation damage and repair, including SNPs in genes associ-
ated with angiogenesis (48), autophagy (49), the Wnt/p-catenin
pathway (50), and the cell cycle and NF-kB pathway (51),
suggesting that the mechanism of acute radiation-induced injury
may be influenced by the combined effect of multiple SNP path-
ways. In radiogenomics, an essential focal point revolves around
the creation of risk scores based on combinations of SNPs
within genes associated with radiation-induced signaling path-
ways. These risk scores are primarily aimed at predicting the
likelihood of experiencing acute or delayed radiation-induced
injuries, serving as valuable guidance for informing clinical
decision-making (52). Within these risk scores, each SNP is
assigned individualized weights, which are determined by their
respective significance. Therefore, an in-depth elucidation of
the relationship between each SNP and radiation damage is
important for overall risk assessment.

Insummary, the current study suggested that the Arg194Trp,
Arg280His and Arg399GIn SNPs in the XRCCI gene of the
DNA damage repair pathway cannot independently predict
the severity of acute radiation-induced injury and prognosis in
patients with NPC treated with IMRT. It may be necessary to
expand the study across multiple medical centers, and increase
the sample size through a prospective cohort study, or combine
data with that of other related gene SNPs to build a prediction
model, so as to explore the relationship between gene-related
factors and RT efficacy.
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