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Abstract
Genetically determined capacity for NER may modulate both cancer risk and prognosis. Thus, we
evaluated associations of seven selected variants in the NER core genes with recurrence risk in
658 SCCOP patients treated principally by radiation. The seven polymorphisms in the core NER
genes (XPC-rs2228000, XPC-rs2228001, XPD-rs1799793, XPD-rs13181, XPG-rs17655, ERCC1-
rs3212986, and XPA-rs1800975) were genotyped using PCR-RFLP method and log-rank test and
multivariable Cox models were used to evaluate the associations in both dominant and recessive
genetic models. In a dominant model, we found that polymorphisms of XPC-rs2228000, XPD-
rs1799793, and XPG-rs17655 were significantly associated with disease-free survival (log-rank, P
= 0.014; P = 0.00008; and P = 0.0007, respectively), and these polymorphisms were significantly
associated with recurrence risk of SCCOP (HR = 1.6, 95% CI, 1.1–2.3 for XPC-rs2228000; HR =
0.4, 95%, 0.3–0.6 for XPD-rs1799793; and HR = 0.5, 95% CI, 0.4–0.8 for XPG-rs17655) after
multivariable adjustment. Moreover, the borderline significant or significant associations were
also found for these three polymorphisms in HPV16/18-positive SCCOP patients (HR= 1.6, 95%
CI, 1.0–4.1 for XPC-rs2228000; HR = 0.2, 95%, 0.1–0.5 for XPD-rs1799793; and HR = 0.1, 95%
CI, 0.0–0.9 for XPG-rs17655). However, similarly significant associations were not found for
these polymorphisms in a recessive model. These findings suggest that polymorphisms of XPC-
rs2228000, XPD-rs1799793, and XPG-rs17655 in the NER core genes may contribute to
recurrence risk of SCCOP, particularly HPV-positive SCCOP, in a dominant but not in a recessive
model. However, validation of these results is warranted.
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Introduction
Approximately 52,610 new cases of squamous cell carcinoma of the head and neck occurred
with 11,500 deaths in 2012 in the United States. 1 The incidence of squamous cell
carcinoma of the oropharynx (SCCOP), a subset of squamous cell carcinoma of the head and
neck, continues to increase, particularly in young adults.2 The growing incidence of SCCOP
may be attributed to viral infection, as human papillomavirus (HPV) has been established as
an etiologic risk factor for SCCOP.3–7 SCCOP is characterized by local tumor
aggressiveness, a moderately high recurrence rate, a high frequency of second primary
malignancies, and a high frequency of medical comorbidities.8 Surgery, radiotherapy, and
chemotherapy have been successfully used both individually and in combination to treat
SCCOP, however recurrence remains a major problem resulting in disease-specific
mortality. As diagnostic and therapeutic approaches for SCCOP continue to improve,
accurately predicting recurrence in patients with this disease would facilitate intensive
surveillance or targeted intervention for patients with high recurrence risk.

Nucleotide excision repair (NER) proteins function synergistically to repair a wide variety
of DNA damage, including damage caused by cancer therapy. Because DNA damage from
treatments, such as chemotherapy and radiotherapy, can initiate cellular processes including
DNA repair, cell cycle control, and apoptosis, common single nucleotide polymorphisms
(SNPs) within the NER core genes may cause interindividual differences in DNA repair
capacity, and thus differences in susceptibility to genotoxic effects of cancer therapy.
Genetic variations in the NER pathway have been widely studied in association with many
types of cancers,9–18 and SNPs in genes regulating NER have previously been studied as
potential risk factors involved in genetic predisposition to SCCHN and second primary
tumors.19,20 However, few large studies have examined the association between genetic
variations in the NER pathway and risk of recurrence of SCCOP. In the current study, we
evaluated the impact of seven selected variants in the NER core genes on recurrence risk
among 658 patients with SCCOP. Considering genetic models of inheritance of traits
associated with alleles of the selected common variants, the results may differ depending on
the models used. We explored the associations using alternative genetic models including a
dominant and a recessive model.

Materials and methods
Study Subjects

This study included 658 patients with newly diagnosed, previously untreated, and
histopathologically confirmed SCCOP who were consecutively recruited between May 1995
and April 2007 as part of an ongoing molecular epidemiological study at The University of
Texas MD Anderson Cancer Center. 9,21 Patients were eligible regardless of age, sex,
ethnicity, or cancer stage (except those < 18 years of age or with distant metastasis were
excluded) and interviewed to collect the relevant information on demographic,
epidemiologic, and clinical characteristics as well as blood samples for genetic testing at the
time of initial presentation to our institution.

All subjects completed an Institutional Review Board-approved informed consent form
before enrollment. Approximately 95% of contacted patients consented to enrollment in the
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study. Patients were excluded from this study if they 1) had known distant metastases; 2)
had any prior cancer history except nonmelanoma skin cancer; 3) had a primary sinonasal
tumor, a salivary gland tumor, cervical metastases of unknown origin, or a tumor outside the
upper aerodigestive tract; 4) had no blood samples available for genotyping (this was the
case for some patients who were recruited early in the parent study); 5) had treatment
performed outside of our institution; or 6) underwent only palliative treatment.

Patients were followed up throughout their treatment and posttreatment course with
scheduled regular clinical and radiographic examinations. Patients were considered disease
free if absence of disease was documented at the date of the last visit with the head and neck
surgeon, head and neck radiation oncologist, or head and neck medical oncologist. There
were no universal standards for imaging. Typically patients had either routine serial
imaging, or follow-up imaging on the basis of symptoms or findings on physical
examinations. Recurrent disease was defined as appearance of a new lesion of the same
histology verified by biopsy (incisional, excisional, or needle biopsy), reappearance of any
lesion that had disappeared, or development of tumor-related symptoms.

Clinical data, including stage at presentation of the index tumor, site and histologic subtype
of the index tumor and any recurrence, comorbidity, and treatment, were obtained from
review of the medical records. Alcohol use and smoking status data were collected at the
initial interview. Patients who had drunk at least one alcoholic beverage per week for at least
one year during their lifetime were categorized as “ever drinkers,” and patients who had
never had such a pattern of drinking were categorized as “never drinkers.” Patients who had
smoked at least 100 cigarettes in their lifetime were categorized as “ever smokers,” and
patients who had smoked fewer than 100 cigarettes in their lifetime were categorized as
“never smokers.”

Selection of candidate genes and SNPs
Among 1098 SNPs identified to date within eight core genes in the NER pathway, 40 SNPs
are non-synonymous, which cause different polypeptide sequences, and five of these 40
SNPs have a minor allele frequency greater than 0.05 in non-Hispanic whites: XPC
rs2228000, XPC rs2228001, XPD rs1799793, XPD rs13181, and XPG rs17655.9 In addition
to these five non-synonymous SNPs, another two common regulatory SNPs at the 3′-
untranslated region of ERCC1 rs3212986, and the 5′-untranslated region of XPA
rs1800975, were reported to be correlated with the DNA repair capacity phenotype.22

Genotyping
Genomic DNA was extracted from patient peripheral blood samples drawn at the time of
patient registration. These DNA samples were used to genotype for seven potentially
functional SNPs of the NER pathway: ERCC1 rs3212986, XPA rs1800975, XPC
rs2228000, XPC rs2228001, XPD rs1799793, XPD rs13181, and XPG rs17655. The
detailed methods for genotyping these SNPs (e.g., polymerase chain reaction conditions and
restriction enzymes used) have previously been described.9 These SNPs were genotyped
using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
method. The primers used for genotyping were: 1) for XPD rs1799793: 5′-
CTGTTGGTGGGTGCCCGTATCTGTTGGTCT-3′ and 5′-
TAATATCGGGGCTCACCCTGCAGCACTTCCT-3′ and for XPD rs13181: 5′-
TCAAACATCCTGTCCCTACT-3′ and 5′-CTGCGATTAAAGGCTGTGGA-3′; 2) for
ERCC1 rs3212986: 5′-TACACAGGCTGCTGCTGCAGCT-3′ and 5′-
GCCAGAGACAGTGCCCCAAGAG-3′; 3) for XPA rs1800975: 5′-
CTAGGTCCTCGGAGTGGTCC-3′ and 5′-GCCCAAACCTCCAGTAGCC-3′; 4) for
XPC rs2228000: 5′-TAAGGACCCAAGCTTGCCCG-3′ and 5′-
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CCCACTTTTCCTCCTGCTCACAG-3′ and XPC rs2228001: 5′-
ACCAGCTCTCAAGCAGAAGC-3′ and 5′-CTGCCTCAGTTTGCCTTCTC-3′; and 5) for
XPG rs17655: 5′-GACCTGCCTCTCAGAATCATC-3′ and 5′-
CCTCGCACGTCTTAGTTTCC-3′. Positive and negative controls were used in each
genotyping assay, and 10% of samples were randomly selected and assayed in duplicates,
and the concordance between duplicates was 100%.

Tumor HPV16/18 Detection
Paraffin-embedded tissues were tested for HPV16/18 DNA using polymerase chain reaction
(PCR)-based, type-specific assays with modification and quality control for the E6 and E7
regions. 23,24 Assays of the samples were run in triplicate, with positive and negative
controls (Siha and TPC-1 cell lines, respectively). β-actin was used as a DNA quality
control. Specificity for HPV16/18 E6 and E7 was confirmed by Southern blot analysis of
paraffin-embedded tissue samples using a Roche Diagnostics labeling and hybridization
system(Roche Applied Science, Indianapolis, IN). HPV16/18 E6 and E7 specificity was
confirmed by retesting 10% of the samples using restriction digestion of the PCR products
with BanII and MspI to verify the presence of E6- and E7-specific fragments. 24 The results
of both methods were 100% concordant.

Statistical Analysis
The mean age and follow-up time for patients with and without recurrence were first
compared using Student’s t test. The chi-squared test was used to evaluate differences in
ethnicity, sex, smoking status, and alcohol use, index tumor site, tumor stage, comorbidity,
treatment, genotype distributions, and allele frequencies between patients with and without
recurrence. The primary endpoint of the study was recurrence. Time to recurrence was
computed from the date of presentation to the date of clinically detectable recurrence (local,
regional, or distant). Participants who remained recurrence free or were lost to follow-up or
died of other/unknown cause were considered censored. The associations between individual
epidemiological factors, clinical characteristics, and treatment variables, and time to
recurrence, were initially assessed using univariate Cox proportional hazards regression
models. The data were consistent with the assumptions of the Cox proportional hazards
regression model from the examination of Kaplan-Meier survival curves and log-minus-log
survival plots.25, 26 The log-rank test was used to determine the associations between
various variables and disease-free survival (DFS). The associations between individual
epidemiologic risk factors, clinical characteristics (including tumor site, stage, comorbidity,
and treatment variables), and time to recurrence were assessed using both univariate and
multivariable Cox proportional hazards regression models. Associations were quantified
using hazard ratios (HRs) and their 95% confidence intervals (CIs) for recurrence risk. The
Cox model included adjustment for potential confounders including age, sex, ethnicity,
smoking, alcohol use, tumor stage, comorbidity, and treatment. We evaluated the individual
variants in a recessive genetic model, in which we compared the variant homozygous
genotype to the combined variant heterozygous and wild-type homozygous genotypes. We
also explored the effect of individual variants on recurrence risk in an alternative dominant
model, in which we added the variant homozygous genotype and the variant heterozygous
genotype and compared to the wild-type homozygous genotype. For all analyses, statistical
significance was set at P < 0.05, and all tests were two-sided. SAS software (version 9.2.3;
SAS Institute) was used to perform all statistical analyses.

Results
A total of 807 SCCOP patients were recruited from May 1995 to April 2007, and 149
patients were excluded from the final analysis due to lack of information on follow-up and
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treatment status as well as unavailability of blood samples. We first compared the
distribution of the characteristics in Table 1, no significant differences for these selected
variables were found between 658 study cases and 149 excluded patients except for tumor
HPV16/18 status (most of the patients had no tumor specimens available). Therefore, our
final analysis included 658 patients with newly diagnosed, previously untreated SCCOP.
These patients were followed from May 1995 to October 2011, and the overall median
follow-up time was 55.2 months (range 2 to 171 months), during which period 132 patients
had disease recurrence. The overall median follow-up time was 61.3 and 12.6 months for
recurrence-free patients and patients with recurrence, respectively. Of the patients with
recurrence, 51 (38.6%) had distant recurrence, 39 (29.5%) had local recurrence, 11 (8.4%)
had regional recurrence, and 31 (23.5%) had recurrence of more than one category.

Table 1 summarizes the demographics, risk factors, and clinical characteristics for the
overall cohort of patients with associated 5-year actuarial recurrence rates. The mean age at
diagnosis for the overall cohort was 55.3 years (median, 54 years). The mean age at
diagnosis was significantly greater for those patients who developed recurrence than for
those patients who did not develop recurrence (57.7 years vs. 54.6 years; P = 0.006).
Patients in the overall group were predominantly male (85.6%) and non-Hispanic white
(89.8%). Ethnicity was also significantly different between the patients with and without
disease recurrence (P = 0.00091). Compared with the recurrence-free group, patients with
recurrence were older (P = 0.0002) and more likely to be smokers (P = 0.021) and alcohol
drinkers (P = 0.006) and HPV16/18-negative tumors (P = 0.043). However, we did not
observe significant differences between patients with and without recurrence with regard to
clinical characteristics including comorbidity (P = 0.387), index cancer stage (P = 0.498), or
treatment (P = 0.838).

Table 2 shows univariate Kaplan-Meier survival analysis, genotype distributions of the
seven SNPs, 5-year actuarial recurrence rates, and multivariable Cox proportional hazards
regression analysis of the association between the seven SNPs and recurrence risk among
SCCOP patients in both genetic models. As shown in Figure 1 in a dominant model, Kaplan-
Meier survival estimates showed significantly worse disease-free survival (DFS) in SCCOP
patients with XPC rs2228000 Ala/Val+Val/Val, XPD rs1799793 Asp/Asp, and XPG
rs17655 His/His genotypes than in SCCOP patients with XPC rs2228000 Ala/Ala, XPD
rs1799793 Asp/Asn+Asn/Asn, and XPG rs17655 His/Asp+Asp/Asp, respectively. However,
no significant differences in DFS were observed for SNPs of ERCC1 rs3212986 (log-rank P
= 0.666), XPA rs1800975 (log-rank P = 0.670), XPC rs2228001 (P = 0.131), and XPD
rs13181 (P = 0.100). Moreover, the similarly significant differences were not found in a
recessive model. Estimates of association were adjusted for potential confounders, including
age, sex, ethnicity, smoking and alcohol status, comorbidity, stage, and treatment. In a
dominant model, a moderately increased risk of cancer recurrence was observed for SCCOP
patients with the XPC rs2228000 Ala/Val+Val/Val, XPD rs1799793 Asp/Asp, and XPG
rs17655 His/His genotypes compared to patients with the XPC rs2228000 Ala/Ala, XPD
rs1799793 Asp/Asn+Asn/Asn, and XPG rs17655 His/Asp+Asp/Asp genotypes. However,
no significant associations were observed between recurrence risk and SNPs of ERCC1
rs3212986, XPA rs1800975, XPC rs2228001, and XPD rs13181 among SCCOP patients.
Furthermore, we did not find any significant associations of each of the seven SNPs with
recurrence risk in the recessive model.

Because human papillomavirus (HPV) is the strongest risk factor for SCCOP, we then
evaluated the univariate Kaplan-Meier survival analysis and associations between genotypes
of 7 SNPs and risk of SCCOP recurrence among those in whom the tumor HPV16/18 status
was available in both genetic models (Table 3). In a dominant model, the Kaplan-Meier
survival as stratified by the genotypes of 7 SNPs among tumor HPV16/18-positive patients
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with SCCOP was performed, and a borderline significant or significant difference in DFS
was observed among the patients with different genotypes of XPC-rs2228000 (log-rank P =
0.061), XPD-rs1799793 (log-rank P = 0.001), and XPG-rs17655 (log-rank P = 0.0006)
polymorphisms as shown in Figure 2. Furthermore, we found that the associations of these
three polymorphisms with risk of recurrence were statistically borderline significant or
significant for the polymorphisms of XPC-rs2228000 (HR, 1.6, 95% CI, 1.0–4.1), XPD-
rs1799793 (HR, 0.2, 95% CI, 0.1–0.5), and XPG-rs17655 (HR, 0.1, 95% CI, 0.0–0.9) in the
dominant model among 102 patients with a HPV16/18-positive SCCOP, while no
significant associations were observed in a recessive model (Table 3). In addition, we did
not find any significant associations of the 7 polymorphisms in the NER genes with
recurrence risk among the patients with HPV16/18-negative SCCOP since there was no
enough sample size or outcome events of these patients for such analysis (only 45
HPV16/18-negative SCCOP patients were included in this study).

Discussion
In this study, we comprehensively assess the associations between seven potentially
functional SNPs in the NER pathway and recurrence risk among 658 patients with incident
SCCOP. We did observe significant associations in the assumption of dominant genetic
model, while we did not observe a significant effect in a recessive genetic model. Our results
suggest that SCCOP patients with XPC rs2228000 Ala/Val + Val/Val, XPD rs1799793 Asp/
Asp, and XPG rs17655 His/His genotypes had a higher risk of cancer recurrence,
particularly for patients with HPV16/18-positive SCCOP.

It is well established that DNA repair capacity phenotype is associated with cancer risk and
clinical outcome.27,28 Genetic variations in the DNA repair pathway genes are thought to
modulate the DNA repair capacity phenotype, and have been suggested to affect risk and
prognosis for various cancers.26–31 Therefore, it is plausible that genetic variants in DNA
repair pathway genes may significantly influence clinical cancer outcomes, particularly for
cancer such as SCCOP with definitive radiotherapy. Ultimately, such knowledge may help
identify patients who can benefit from various treatments or by consideration of alternative
treatment/intensified therapy. The NER pathway specifically excises bulk base damage
induced by environmental carcinogens, such as tobacco compounds, and certain types of
cancer treatment.32

Overall, the functional significance of these seven variants in the NER pathway is still
largely uncertain. Several studies have reported conflicting findings regarding the
association of polymorphisms in the NER pathway with clinical outcomes of cancers, but
studies focusing on risk of recurrence of SCCOP only in the NER pathway are limited. For
ERCC1 rs3212986 SNP, others reported that the CC genotype was associated with an
increased risk of recurrence compared with the CA or AA genotypes among patients with
squamous cell carcinoma of the head and neck or esophageal cancer, whereas in
contradistinction, the A allele was associated with poorer survival among patients with
advanced non-small-cell lung cancer (NSCLC).33,34 In the current study, we did not found a
significant association between this ERCC1 polymorphism and recurrence risk among
SCCOP. XPA is an essential DNA-binding protein in the NER pathway,35 and individuals
with the XPA rs1800975 G allele exhibit more efficient DNA repair than individuals with
the homozygous XPA rs1800975 AA genotype. Although lung and ovarian cancer patients
with the variant genotypes (XPA rs1800975 AA and GA) have previously been reported to
have shorter survival and higher recurrence risk than those with homozygous XPA
rs1800975 GG genotype,36,37 we did not find an association between XPA rs1800975 and
recurrence risk in patients with SCCOP. Although previous studies have explored the
association of XPC polymorphisms with risk of lung cancer, bladder cancer, and head and
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neck cancers,9,38 few studies have analyzed the association of XPC SNPs with cancer
outcome, particularly for SCCOP. One study found that patients with acute myeloid
leukemia carrying the XPC rs2228000 variant allele had a greater risk of death or recurrence
than patients with the wild-type genotype,39 and this finding is consistent with what we
observed in our current study. However, the functional significance of the XPC rs2228000
variant, which causes amino acid change, is still unclear. The XPD rs1799793 at exon 10
and the XPD rs13181 at exon 23, both of which cause amino acid changes, are the two most
frequently studied XPD SNPs. Colorectal cancer patients with XPD rs13181 wild-type
genotype had a longer survival than patients with the heterozygous and homozygous
variants,40 whereas NSCLC patients with the variant allele of XPD rs1799793 had a shorter
overall survival.41 However, a similar study in NSCLC patients did not find an association
of either SNP with survival.42 In ovarian cancer, carriers of at least one variant allele of both
SNPs had significantly reduced overall survival.37 In the current study, we found an
association only for XPD rs1799793 but not for XPD rs13181. Conflicting results have also
been reported for XPG rs17655 between a study of ovarian cancer patients37 and a study of
patients with bladder cancer.43 In contrast, our analysis of this same XPG SNP showed that
patients with the homozygous wild-type genotype had a significantly increased risk of
recurrence compared with patients with variant genotypes.

Different genetic backgrounds and patient characteristics in the aforementioned studies
might explain, to some extent, the somewhat conflicting results with respect to the impact of
these NER pathway SNPs in different cancers and different populations. Other factors in
these studies could also contribute to the inconsistent results, including small sample size,
different cancer types, variations in stage, different treatments, interactions between
functional variants of these SNPs and therapeutic agents used, inclusion of different ethnic
groups in a single study, and inadequate adjustment for other confounding factors.

We also observed that the modifying effect of genotypes of XPC rs2228000, XPD
rs1799793, and XPG rs17655 polymorphisms was statistically borderline significant or
significant among the patients with tumor HPV16/18-positive SCCOP. These observations
are biologically plausible because virtually all (99.7 %) of these SCCOP patients in our
study had definitive radiotherapy or chemoradiotherapy, and such treatments lead to mixed
types of DNA damage, including those that need to be repaired by the NER pathway.
HPV16/18-positive tumors, especially those occurring in never smokers are much less likely
to have a p53 mutation. While the tumor cells harboring such intact p53 might activate DNA
repair pathways including the NER pathway, and such patients who received radiotherapy or
chemoradiotherapy typically also have accumulated more DNA damage induced by reactive
oxygen species (ROS) than other patients, these patients thus are at higher risk for
recurrence or progression. Therefore, genetic variants of these genes may lead to
interindividual differences in DNA repair capacity phenotype, in turn resulting in different
susceptibility to the genotoxic effects of radiation and /or cancer drugs resulting in different
clinical outcomes after such treatments.44,45 However, the interaction between tumor
HPV16/18 status and combined risk genotypes on risk of recurrence was not statistically
significant (Pint. = 0.621 for dominant model and Pint. = 0.983 for the recessive model). This
lack of significance could be either because there was no such interaction effect in these
subgroups or because the small sample sizes in each substratum limited the statistical power
to detect a significant interaction effect. Therefore, the significance and degree of such
interaction in each subgroup needs to be further investigated in future studies with larger
sample sizes.

There is some uncertainty as to what would be the best genetic model to represent genetic
effect for these variants in the NER pathway. We analyzed the data in the current study first
assuming a dominant model and did find significant associations. In contrast, when we
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assumed a recessive genetic model, we did not identify a significant association of these
putatively functional SNPs with risk of recurrence. It becomes obvious that the results could
vary depending on the model used in nominal statistical significance, particularly for weak
associations of individual SNPs such as the results we found in the current study.

This study has certain limitations. For future studies on associations between genetic
variants in the NER pathway and patient outcome, information on radiotherapy doses, drugs,
and drug doses, and fields or their combinations will be important, because the treatments
may cause different types of DNA damage and DNA repair pathways might have cross-
functionality between pathways, which could be differentially regulated and activated in
different tissues treatments. Unfortunately, in the present study, the treatment our patients
received in this study was not homogeneous. These patients were treated with either
different amounts of radiation doses or adjuvant therapy with diverse DNA-damaging drugs,
or determined by the multidisciplinary team treating the patients at the time of presentation
rather than a single uniform clinical trial. Other limitations included the selection of a
limited number of polymorphisms, small sample size in some strata, and the lack of
complete information on HPV status of the patients’ tumors. In conclusion, genetic variants
of XPC rs2228000, XPD rs1799793, and XPG rs17655 in the NER pathway might modify
risk of the recurrence of SCCOP, particularly those which are HPV16/18-positive. However,
we need confirm such findings in future studies that are warranted to further explore the
utility of genetic variants as clinical prognostic biomarkers.
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Novelty and impact statements

Variants of XPC rs2228000, XPD rs1799793, and XPG rs17655 in the NER core genes
modify the risk of SCCOP recurrence, and may be a marker of genetic susceptibility to
recurrence of SCCOP, particularly in HPV-positive SCCOP patients.
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Figure 1.
Kaplan-Meier estimates for DFS by genotypes in 658 patients with SCCOP in a dominant
model.
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Figure 2.
Kaplan-Meier estimates for DFS by genotypes in 102 HPV16/18-positive SCCOP patients
in a dominant model.
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