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Curatively treated patients with early-stage head and neck squa-
mous cell carcinoma (HNSCC) are at high risks for second pri-
mary tumor (SPT) and recurrence. The regulator of G-protein
signaling (RGS) is important in essential signaling transduction
and cellular activities. We hypothesize that genetic variations of
RGS may modulate the risk of SPT/recurrence in patients with
early-stage HNSCC. In a nested case–control study, we evaluated
98 single-nucleotide polymorphisms (SNPs) in 17 RGS genes for
the risk of SPT/recurrence among 450 HNSCC patients. Eight
SNPs showed significant associations with the risk of SPT/recur-
rence, with the most significant one of rs2179653, which is located
in the 5#-flanking region of RGS2 gene. Under a recessive genetic
model, the homozygous variant genotype of this SNP was associ-
ated with 2.95-fold [95% confidence interval (CI): 1.52–5.74]
increased risk of SPT/recurrence. This association remained
significant after the adjustment for multiple comparisons. Cumu-
lative effects analysis revealed that the risk increased significantly
with the increasing numbers of unfavorable genotypes. Compared
with subjects carrying 0–2 unfavorable genotypes, the hazard
ratios (95% CIs) for those carrying 3 or 41 were 1.73 (1.10–
2.70) and 3.05 (1.92–4.83), respectively. Furthermore, survival
tree analysis revealed potential higher order gene–gene interac-
tions and indicated different outcomes based on distinct genotype
profiles. Genetic variations of RGS genes may modulate the sus-
ceptibility to SPT/recurrence in early-stage HNSCC patients
individually and cumulatively. Our results stressed the impor-
tance of taking a polygenic approach to evaluate the cumulative
and interaction effects of genetic variations in the prediction of
cancer risk and prognosis.

Introduction

Surgery and radiotherapy are highly effective for patients with early-
stage (I or II) head and neck squamous cell carcinoma (HNSCC) (1);
however, up to 25% of these patients will develop second primary
tumor (SPT) or local recurrence after 5 years of initial diagnosis (1,2),
which has been a competing cause of posttreatment morbidity and
mortality (3). Therefore, identification of clinically applicable bio-
markers for the prediction of SPT/recurrence is important in the
achievement of targeted interventions and long-term survival of
early-stage HNSCC patients.

G-proteins are a family of proteins involved in cellular signal trans-
duction (4). They are expressed in all cells of human body and func-
tion as ‘molecular switches’ by turning on intracellular signaling
cascades in response to the activation of G-protein-coupled receptors
(GPCRs) (5,6). GPCRs, with .800 members, comprise one of the
largest families of cell-surface molecules (7). It plays a pivotal role in
integrating the stimulatory signals and inhibitory signals by interplay-
ing with G-proteins (8). The G-protein-coupled biological process is
important for the development of increasing number of human
diseases and requires fine-tuning through accessory molecules such
as the regulator of G-protein signaling (RGS) (9). RGS are a family of
cellular proteins with conserved domains of �120 amino acid resi-
dues (10). Aberration of RGS proteins has been implicated in the
pathogenesis of many common human disorders and drug addiction
(11–14). Nonetheless, the roles of RGS genes in tumorigenesis have
remained largely unexplored.

There are multiple RGS subfamilies consisting of .20 different
RGS proteins, ranging from small ones comprised solely of an RGS
domain to multidomain proteins with functions in various signaling
pathways (10,15). These multiple domains of RGS protein mediate
interactions with other signaling pathways, allowing RGS proteins to
serve as signaling scaffolds (15). Although the functions of various
RGS genes are diverse, they all operate under similar mechanism (i.e.
they all serve as guanosine triphosphatase-activating protein to accel-
erate guanosine triphosphate hydrolysis) to regulate various signaling
pathways involved in growth and development. Genetic variations of
these RGS subfamily genes have already shown to be associated with
various common human diseases such as hypertension (16) and
schizophrenia (17). Recent reports also have linked RGS domain
containing genes to cancers (18–20). For instance, genetic fine map-
ping of chromosome 6p23–25 region revealed the potential link of
single-nucleotide polymorphisms (SNPs) in RGS17 with familial lung
cancer etiology (18). In addition, our group also found that potential
functional SNPs in RGS2 and RGS6 gene might modulate the risk of
bladder and lung cancer (19,20). Experimental studies have demon-
strated that aberrant expression of RGS gene is associated with
abnormal cell growth, which contributes to the carcinogenesis of
thyroid and prostate cancer (21,22). Moreover, RGS expression has
also been established as playing a pivotal role in vascular maturation
and vessel remodeling during carcinogenesis (9). Angiogenesis from
an existing vasculature is widely recognized as a necessary require-
ment for most tumor growth, which confers to the occurrence and
progression of many cancers (23).

Hence, we hypothesize that genetic variations of RGS genes might
modulate the risk of SPT/recurrence in curatively treated early-stage
HNSCC patients. To test this hypothesis, we conducted a nested case–
control study built upon a HNSCC prospective chemoprevention clin-
ical trial to evaluate the effects of 98 SNPs in 17 RGS genes. To our
knowledge, this is the first study to explore a comprehensive panel of
genetic polymorphisms of RGS genes in the risk of SPT/recurrence.

Materials and methods

Study population

In this study, we enrolled patients from a randomized placebo-controlled
Retinoid Head and Neck Second Primary Trial launched in 1991 and closed
to new patient registration in 1999 (24). In this trial, patients with stage I or II
head and neck cancer of the larynx, oral cavity or pharynx were randomized
to receive either 13-cis-retinoic acid at daily low dose or placebo for 3 years
followed by 4 years of observation. The stratification criteria for randomiza-
tion included the primary tumor site, tumor stage and smoking status. A total
of 1384 patients were registered and 1191 were eligible to be randomized into
the study. Patients were followed up at 3, 6, 9, 12, 16, 20, 24, 28, 32 and 36
months after randomization, then semiannually followed up for 4 more years.
Double-blind strategy was implemented to ensure that neither the patients nor
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the physicians/investigators were aware of which study agent was being
taken. During the follow-up period, 354 patients developed SPT/recurrence.
The definitions of SPT and recurrence following the Warren and Gates cri-
teria were provided previously (24). Based on this prospective clinical trial,
we conducted a nested case–control study including 150 HNSCC patients
with SPT/recurrence (cases) that were frequently matched with 300 SPT/
recurrence-free survivors (controls) by age (±5 years), sex and ethnicity.
To further explore the potential selection bias in this study, we compared
the distribution of key characteristics between these 150 cases and others
with SPT/recurrence not being involved in the study. No significant differ-
ence was found on the distribution of age, gender, smoking status and clinical
characteristics (P . 0.05).

Data collection

The study was approved by Institutional Review Board of The University of
Texas M. D. Anderson Cancer Center. Written informed consent was
obtained from all participants. Before randomization, patients were given
a structured questionnaire that elicited information on socio-demographic
factors, clinical information, tobacco exposure and alcohol consumption.
Blood samples were collected and delivered to M. D. Anderson Cancer
Center to be used for molecular analyses. Smoking status was assessed at
the entry and during the study. The definitions of never-, former- and current-
smoker were described previously (25). Never-smokers were individuals who
had smoked ,100 total cigarettes during their lifetime. Former-smokers were
individuals who had stopped smoking for at least 1 year at the time of
enrollment.

SNPs selection and genotyping

Seventeen genes in RGS family were selected from a customized cancer gene
panel. The detailed procedure to compile this panel was described previously
(25). The complete set of selected SNPs was sent to Illumina technical
support for the Infinium II chemistry designability and bead type analyses
using a program developed by Illumina (San Diego, CA). Supplementary
Table 1 (available at Carcinogenesis Online) lists the complete set of genes
and SNPs evaluated in this study. Genomic DNA was extracted from periph-
eral blood lymphocytes. Genotyping was carried out according to the stan-
dard protocol provided by Illumina.

Statistical analysis

Statistical analyses were performed using STATA 10.0 (StataCorp LP, College
Station, TX) and the R software. The v2 test (for categorical variables) or
Student’s t-test (for continuous variables) were used to compare characteristics
between groups with and without SPT/recurrence. Multivariate Cox propor-
tional hazard model was applied to calculate hazard ratios (HRs) and 95%
confidence intervals (CIs) associated with the effect of SNPs on the develop-
ment of SPT/recurrence while adjusting for age, sex, tobacco smoking, ethnic-
ity, tumor stage, primary tumor site and treatment. Time to SPT/recurrence
development was defined as the time between randomization and SPT/recur-
rence diagnosis. All SPT/recurrence-free patients were censored at the date of
last follow-up. Time for controls without SPT/recurrence was defined as the
time between randomization and the date of last follow-up or censor. We tested
three different genetic models, including dominant model, recessive model and
additive model. The model with the smallest P value was deemed to be the
best-fitting model. To adjust for multiple comparisons, q-value was calculated
using the R software. The q-value of a test measures the proportion of false
positives incurred (false discovery rate) when that particular test of SNP is
called significant in the main effect analysis (26,27). Higher order gene–gene
interactions were explored with a survival tree-based data analysis, which was
performed by using the software ‘Stree’ (http://c2s2.yale.edu/software/stree/).
Stree is a recursive partitioning technique, which allows identifying effect
modifications between variables that are less visible by traditional regression
model. Cumulative effects of SNPs in RGS genes were assessed using the
unfavorable genotype analysis in which significant SNPs (P for the best-fitting
model ,0.05) identified from the single SNP analysis were combined by
counting the number of unfavorable genotypes for each subject. Unfavorable
genotypes were defined by referring the HRs of genotypes showing a significant
association in single SNP analysis. We classified each subject into three risk
categories based on the tertile distribution of the numbers of unfavorable
genotypes in the SPT/recurrence-free group. We stratified the cumulative
effects by selected host and environmental factors. Assessment of statistical
interaction was conducted by adding a multiplicative term of genetic poly-
morphisms and environmental variables in the multivariate Cox regression
model and the significance of the interaction term was tested by using likeli-
hood ratio test. The differences between distinct risk categories were compared
using the Kaplan–Meier curves and logrank test. All tests were two sided with
a significant level of P ,0.05 based.

Results

Patient characteristics

The host and clinical characteristics of the study subjects have been
described elsewhere (25) (supplementary Table 2 is available at Car-
cinogenesis Online). After excluding subjects with .5% missing
genotypes, 440 HNSCC patients (147 cases and 293 controls) were
included in the analyses. The median time of follow-up was 2.3 years
among cases (event-free time) and 5.0 years among controls. The
majority of the patients were males (79.55%) and Caucasians
(96.14%). The average age of all patients (mean ± SD) was
61.15 ± 10.25 years. The SPT/recurrence group had more patients
with pharyngeal cancer (21.09 versus 8.53%) and fewer patients with
laryngeal cancer (47.62 versus 62.82%) than the non-SPT/recurrence
group (P , 0.001). No significance was found in the distribution
of smoking status (P 5 0.167), tumor stage (P 5 0.169), surgery
(P 5 0.258), radiotherapy (P 5 0.901) or 13-cis-retinoic acid treat-
ment (P 5 0.399).

Association between RGS SNPs and SPT/recurrence risk

After excluding SNPs with .5% missing calls, 95 of 98 SNPs in 17
RGS genes were analyzed in 440 study subjects (supplementary Table
2 is available at Carcinogenesis Online). Among them, eight SNPs
(rs2179653 of RGS2, rs3795617 of RGS13, rs6670735 of RGS8,
rs739999 of RGS11, rs11586945 of RGS5, rs3747813 of RGS3,
rs6689169 and rs6700378 of RGS7) were significantly associated with
an altered risk of SPT/recurrence (Table I). As rs6689169 and
rs6700378 were completely linked (r2 5 1.0), only rs6689169 was
kept in the following analyses. Among eight SNPs with significant
main effects, two SNPs (rs2179653 and rs3795617) remained signif-
icant after adjustment for multiple comparisons at q-value ,0.05
(q-values were 0.010 for rs2179653 and 0.015 for rs3795617, respec-
tively). For rs2179653, homozygous variant genotype AA conferred
to a 2.95-fold increased risk for SPT/recurrence, whereas AA geno-
type of rs3795617 was associated with a reduced risk (HR 5 0.52,
95% CI: 0.34–0.81) (Table I).

Cumulative effects of unfavorable genotypes of RGS genes

To further assess the cumulative effects of the SNPs in RGS genes
on SPT/recurrence, we conducted an unfavorable genotype analysis by
combining seven SNPs identified as significant in the main effect
analysis (Table II). Compared with patients in the low-risk group
with ,3 unfavorable genotypes, the HRs (95% CIs) for medium-risk
group (three unfavorable genotype) or high-risk group (�4 unfavor-
able genotypes) were 1.73 (1.10–2.70) and 3.05 (1.92–4.83), respec-
tively. In addition, we also observed a significant gene–dose effect with
an increasing number of unfavorable genotypes (P for trend 5 1.28 �
10�6) (Table II). The Kaplan–Meier survival curves for different risk
groups were shown in Figure 1. The median survival times (event-free
times) were 4.7 years for patients in the high-risk group but were
longer than 7.7 years for patients in the low-risk and medium-risk
groups, respectively (logrank test: P 5 4.14 � 10�6). The effects of
cumulative unfavorable genotypes were further stratified by selected
variables including smoking status, tumor stage, primary tumor site
and 13-cis-retinoic acid treatment (Table III). The gene dose remained
evident in each stratum except for never-smokers (P for trend 5
0.636). No significant interactions were found between cumulative
effects of unfavorable genotypes and the stratified variables.

Multivariate analysis by tree-based method

Survival tree model partitioning of 440 patients was performed and
displayed in Figure 2. By using significant SNPs (P for the best-fitting
model ,0.05) identified from the single SNP analysis as attributes for
tree construction, the resulting tree with five terminal nodes was first
split by rs2179653 of RGS2, following by rs739999 of RGS11,
rs3795617 of RGS13 and rs11586945 of RGS5 (Figure 2A). Further-
more, a multivariate proportional hazard model revealed the ability of
predicting SPT/recurrence among early-stage HNSCC patients. Node
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1 comprised individuals exhibiting the lowest risk (median survival
time . 7.75 years) was defined as the reference node. Node 5 con-
ferred to the highest risk for SPT/recurrence with HR (95% CI) of
5.97 (2.04–17.43). The terminal nodes were then categorized into
three groups: low-risk (node 1, reference), medium-risk (node 2,
HR . 1 but ,3) and high-risk (node 3, 4 and 5, HR � 3). Based
on the risk classification from the survival tree model, Kaplan–Meier
curves were plotted for groups 1–3 (Figure 2B). The risk for SPT/
recurrence development was significantly different among these
3 groups (Log-rank test, P 5 7.58 � 10�6). Compared with the
low-risk group, the medium-risk and high-risk group conferred
2.16-fold (HR: 2.16, 95% CI: 1.33–3.50) and 5.24-fold (HR: 5.24,
95% CI: 2.71–10.11) increased SPT/recurrence risk, respectively
(P trend ,0.001) (Table IV).

Discussion

In this study, we investigated the effects of a comprehensive panel of
98 SNPs in 17 RGS genes on the risk of developing SPT/recurrence
among curatively treated early-stage HNSCC patients. We found that
genetic variations in RGS genes may modulate SPT/recurrence de-
velopment individually, interactively and cumulatively.

RGS proteins directly control cellular homeostasis mediated by
G-proteins and GPCRs through binding to active G subunits, activat-
ing guanosine triphosphatase and accelerating the kinetics and termi-
nation of G-protein-mediated signaling transduction (20,28,29). In
our study, there are two SNPs remaining significant after multiple
comparison adjustment. The most significant SNP is rs2179653 that
is located in the 5#-flanking region of RGS2 gene. RGS2 was initially
identified to be a kind of upregulated gene in the early response to
activated T cells, and RGS2-deficient mice were found to have
impaired T cell responses and emotive behaviors such as increased
anxiety responses and decreased male aggressiveness (30). There are
circumstantial evidences suggesting that RGS2 protein might play
a critical role in various common human disorders including cardio-
vascular disease, hypertension and cancers of breast, prostate and
ovary, whereas no study has been reported to date on the role of

RGS2 in HNSCC (22,30–32). Another SNP remaining significant
after the adjustment for multiple comparisons was rs3795617 located
in the 5# near region of RGS13 gene. As the smallest RGS protein in
mammals, RGS13 is prominently expressed in immune tissues includ-
ing tonsil, thymus, lymph node and spleen, which indicates its poten-
tial function in human immunity (33). Consistently, the expression of
RGS13 has been implicated in the pathogenesis of hematopoietic
malignancies such as leukemia and lymphomas (34–36). In the cur-
rent study, these two significant SNPs are located either in the 5#
flanking region or near 5# region of their host genes. These SNPs
are potential functional variations that could modulate individual’s
cancer risk through regulating the promoter activity of their host
genes. However, this hypothesis needs to be further confirmed in
functional assays.

Five additional SNPs in RGS3, RGS5, RGS7, RGS8 and RGS11
also exhibited a significant association with an altered SPT/recur-
rence risk in the main effect analysis of individual SNP (Table I).
Although none of these SNPs have been reported before, their host

Table II. The cumulative effects of unfavorable genotypes of RGS genes on
SPT/recurrence in HNSCC

Number of
unfavorable
genotypesa

SPT/recurrence HR
(95%
CI)b

P

Yes,
n
(%)

No,
n
(%)

0–2 29 (19.86) 106 (36.30) 1
3 62 (42.47) 128 (43.84) 1.73 (1.10–2.70) 0.017
�4 55 (37.67) 58 (19.86) 3.05 (1.92–-4.83) 2.04 3 1026

P for trend 1.28 3 1026

aUnfavorable genotypes: rs2179653 (AA), rs3795617 (GG þ GA), rs6670735
(AA), rs739999 (GG), rs11586945 (CC), rs3747813 (GG) and rs6689169 (AA).
bAdjusting for age, sex, smoking, ethnicity, tumor stage, primary tumor site
and treatment. Bold numbers represent P values that are statistically
significant at P , 0.05.

Table I. Associations between RGS genes genetic polymorphisms and SPT/recurrence in HNSCC

Gene SNP Position Region Genotype SPT/recurrence Best fitting model

Yes, n (%) No, n (%) HR (95% CI)a P value Modelb HR (95% CI)a P q

RGS2 rs2179653 chr1:191037685 5# flanking GG 103 (70.07) 208 (70.99) 1
GA 34 (23.13) 81 (27.65) 0.97 (0.65–1.44) 0.877 Rec 2.95 (1.52–5.74) 0.001 0.010
AA 10 (6.80) 4 (1.37) 2.93 (1.50–5.73) 0.002

RGS13 rs3795617 chr1:190870313 Near 5# GG 42 (28.57) 87 (29.69) 1
GA 80 (54.42) 119 (40.61) 1.18 (0.81–1.72) 0.395 Rec 0.52 (0.34–0.81) 0.003 0.015
AA 25 (17.01) 87 (29.69) 0.58 (0.35–0.96) 0.035

RGS8 rs6670735 chr1:180909480 Near 5# AA 68 (46.26) 111 (38.01) 1
AG 58 (39.46) 147 (50.34) 0.64 (0.45–0.92) 0.015 Dom 0.69 (0.49–0.96) 0.028 0.053
GG 21 (14.29) 34 (11.64) 0.86 (0.52–1.42) 0.553

RGS11 rs739999 chr16:259512 Exon AA 113 (77.40) 242 (82.59) 1
AG 28 (19.18) 47 (16.04) 1.16 (0.76–1.77) 0.492 Rec 2.88 (1.06–7.78) 0.037 0.053
GG 5 (3.42) 4 (1.37) 2.99 (1.10–8.13) 0.031

RGS5 rs11586945 chr1:161420559 Intron GG 96 (65.31) 206 (70.31) 1
GC 41 (27.89) 76 (25.94) 1.11 (0.77–1.62) 0.568 Rec 2.00 (1.04–3.85) 0.038 0.053
CC 10 (6.80) 11 (3.75) 2.06 (1.06–3.99) 0.033

RGS3 rs3747813 chr9:115367281 5# UTR GG 136 (92.52) 258 (88.05) 1
GA 11 (7.48) 34 (11.60) 0.54 (0.29–1.02) 0.056 Dom 0.53 (0.28–0.98) 0.043 0.053
AA 0 1 (0.34) —

RGS7 rs6689169c chr1:239005040 Near 3# AA 120 (81.63) 211 (72.01) 1
AG 24 (16.33) 79 (26.96) 0.60 (0.38–0.94) 0.026 Dom 0.65 (0.42–0.99) 0.047 0.053
GG 3 (2.04) 3 (1.02) 1.65 (0.52–5.24) 0.397

UTR, untranslated region.
aAdjusting for age, sex, smoking, ethnicity, tumor stage, primary tumor site and treatment.
bDom, dominant model; Rec, recessive model.
crs6700378 is completely linked with rs6689169 and is not shown in the table and involved in the analysis. Bold numbers represent P values that are statistically
significant at P , 0.05.
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genes have all been associated with the etiology and prognosis of
cancers. For instance, RGS3 has been reported to modulate glioma
cell mobility and its expression has been associated with the prog-
nosis of sarcoma and breast cancer (37–39). RGS5, a potential tumor
angiogenesis factor, is dynamically regulated in various biological
processes (9). Mice with RGS5 deficiency show substantial tumor
development with poor survival, which may be caused by the
normalized vasculature in the absence of RGS5 (9). RGS7 had over-

lapping distribution profiles with RGS17 and were both noticeably
expressed in the cerebellum (40). In vivo, RGS7 can be rapidly
upregulated after exposure to tumor necrosis factor-a (41). Tumor
necrosis factor is a major inflammation cytokine and has been
demonstrated to link with many human cancers (42). RGS8 is
a brain-specific RGS protein of 180 amino acids (43). In situ
hybridization analysis revealed that RGS8 are expressed widely
but differentially in the central nervous system. RGS8 protein reg-
ulates the G protein-gated K (þ) channels activities and RGS8 gene
was also implicated in the region associated with the development of
hereditary prostate cancer (43,44). Although RGS11 is a member of
the R7 family of GGL (G protein gamma-like) domain-containing
RGS proteins with its function largely unevaluated, the expression of
RGS11 was reported to be significantly associated with the resis-
tance to platinum therapy in colorectal cancer (45,46).

Though the role of RGS genes in cellular signaling transduction has
been widely explored, the genetic etiology of RGS in most cancers
remains largely unclear. It seems most plausible that more common
genetic variants with low penetrance on disease susceptibility cause
the bulk of this unexplained risk (47). Previous studies using a single
candidate gene approach have not only identified a few cancer sus-
ceptibility loci but also produced a large number of false positive
results (48). The application of polygenic approaches to genetic
marker data is a viable alternative strategy and may represent a useful
addition to single genetic variant analysis, where striking evidence of
pathway enrichment often emerged in the absence of obvious single
gene effects (49). For example, in our current study, when the cumu-
lative effects of genetic variations were assessed by using the

Table III. The cumulative effects of unfavorable genotypes of RGS genes stratified by selected factors

Characteristics Number of
unfavorable genotypes

SPT/recurrence HR (95% CI)a P P for
trend

Yes, n (%) No, n (%)

Smoking
Never 0–2 5 (26.32) 18 (36.00) 1

3 9 (47.37) 16(32.00) 1.67 (0.53–5.25) 0.384
�4 5 (26.32) 16 (32.00) 1.35 (0.37–4.84) 0.649 0.636

Former 0–2 14 (21.88) 57 (39.58) 1
3 29 (45.31) 63(43.75) 1.70 (0.87–3.32) 0.118

�4 21 (32.81) 24(16.67) 2.73 (1.33–5.60) 0.006 0.006
Current 0–2 10 (15.87) 31 (31.63) 1

3 24 (38.10) 49 (50.00) 1.53 (0.72–3.28) 0.270
�4 29 (46.03) 18 (18.37) 3.96 (1.89–8.28) <0.001 <0.001

Tumor stage
I 0–2 15 (17.44) 75 (38.86) 1

3 40 (46.51) 74 (38.34) 2.42 (1.32–4.43) 0.004
�4 31 (36.05) 44 (22.80) 3.17 (1.69–5.95) <0.001 <0.001

II 0–2 14 (23.33) 31 (31.31) 1
3 22 (36.67) 54 (54.55) 1.08 (0.55–2.13) 0.826

�4 24 (40.00) 14 (14.14) 3.20 (1.60–6.43) 0.001 0.001
Primary tumor site

Larynx 0–2 15 (21.43) 61 (32.62) 1
3 29 (41.43) 88 (47.06) 1.28 (0.68–2.42) 0.445

�4 26 (37.14) 38 (20.32) 2.64 (1.36–5.14) 0.004 0.004
Oral cavity 0–2 8 (17.78) 31 (38.75) 1

3 22 (48.89) 30 (37.50) 2.66 (1.16–6.10) 0.021
�4 15 (33.33) 19 (23.75) 2.64 (1.11–6.29) 0.029 0.032

Pharynx 0–2 6 (19.35) 14 (56.00) 1
3 11 (35.48) 10 (40.00) 1.92 (0.69–5.35) 0.210

�4 14 (45.16) 1 (4.00) 5.67 (1.91–16.87) 0.002 0.002
13 cis retinoic acid treatment

No 0–2 15 (20.00) 53 (38.13) 1
3 34 (45.33) 60 (43.17) 1.84 (1.00–3.39) 0.051

�4 26 (34.67) 26 (18.71) 2.67 (1.41–5.07) 0.003 0.002
Yes 0–2 14 (19.72) 53 (34.64) 1

3 28 (39.44) 68 (44.44) 1.58 (0.81–3.08) 0.175
�4 29 (40.85) 32 (20.92) 3.43 (1.76–6.71) <0.001 <0.001

aAdjusting for age, sex, smoking, ethnicity, tumor stage, primary tumor site and treatment where appropriate. Bold numbers represent P values that are statistically
significant at P , 0.05.

Fig. 1. Kaplan–Meier survival estimates for patients carrying unfavorable
genotypes of RGS gene in the risk of SPT/recurrence. MST, median survival
time (event-free time).
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unfavorable genotype analysis, it was shown that the risk increased
significantly with an increasing number of unfavorable genotypes.
Compared with subjects carrying ,3 unfavorable genotypes, the
HR (95% CI) for those carrying 4þ unfavorable genotypes was
3.05-fold increased. These findings highlighted the importance of
using a multigenic approach to identify signatures of genetic variations
as predictors of cancer risk.

In addition to traditional Cox regression approach, a tree-based
method was also applied in the multivariate analysis in order to gain
insights into the prognostic effects of joint genetic variants of RGS
genes. Survival tree analysis is an explorative, nonparametric approach
that has been demonstrated in several studies in exploring high-order
gene–gene and gene–environment interactions (50,51). The risk for
SPT/recurrence development in each node with distinct genotype
profiles differed significantly, suggesting a good discriminative ability
of the survival tree analysis.

Nonetheless, in spite of the cancer relevance of RGS genes, most of
the significant SNPs associated with SPT/recurrence development are
located in non-coding regions. The detected associations might be

Table IV. Cox proportional hazard model in HNSCC patients based on the
survival tree analysis

Group Observed SPT/recurrence
(%)

HR (95%
CI)a

P

Low-risk (node 1) 103 20 (19.42) 1
Medium-risk (node 2) 306 108 (35.29) 2.16 (1.33–3.50) 0.002
High-risk (nodes 3–5) 31 19 (61.29) 5.24 (2.71–10.11) <0.001

aAdjusting for age, sex, smoking, ethnicity, tumor stage, tumor site and treatment.
Bold numbers represent P values that are statistically significant at P , 0.05.

Fig. 2. Survival tree analysis on the association between RGS genetic polymorphisms and SPT/recurrence among HNSCC patients. (A) Survival tree model
partitioning of 440 patients was performed. The resulting tree with five terminal nodes was split by rs2179653, rs739999, rs3795617 and rs11586945. For each
SNP, ‘0’ represents common homozygous genotype; ‘1’ represents heterozygous or homozygous variant genotype. (B) Kaplan–Meier curves based on survival tree
analysis in RGS genes for selected nodes. MST, median survival time (event-free time).
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either directly with causal variants or indirectly with markers linked
with other causal variants. Further fine-mapping and functional stud-
ies are warranted to pinpoint the linked causative loci as well as their
biological mechanisms.

Our results should be interpreted in the context of several caveats.
First, sample size of this study was relatively small, which may have
limited us from detecting effects that would have attained statistical
significance in a larger sample. Second, replication of the current
work in another independent study population is essential to confirm
the findings. Third, although we adjusted for smoking, ethnicity,
tumor stage, primary tumor site and treatment, additional confounders
such as nutrient intake, socioeconomic status and other medications
and their potential effects on the SPT/recurrence development
remained to be determined.

Despite these limitations, our findings support the benefit of using
a polygenic approach to evaluate the cumulative effects of genetic
variations in the prediction of cancer risk and prognosis. In addition,
our findings provide convergent evidence of RGS gene family in
SPT/recurrence development and support further investigation of
the RGS for potential biomarkers for prognosis among HNSCC
patients.

Supplementary material

Supplementary Tables 1 and 2 can be found at http://carcin
.oxfordjournals.org/
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