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Abstract
P73 plays an important role in modulating cell-cycle control, inducing apoptosis, and inhibiting
cell growth. A novel non-coding p73 G4C14-to-A4T14 exon 2 polymorphism was associated with
risk of squamous cell carcinoma of the head and neck (SCCHN). We hypothesized that p73
G4C14-to-A4T14 polymorphism modulates risk of second primary malignancies (SPM) in
patients after index SCCHN. We followed a cohort of 1,384 patients diagnosed with incident
SCCHN between May 1995 and January 2007 for SPM development. Log-rank test and Cox
proportional hazard models were used to compare SPM-free survival and SPM risk between the
different genotype groups. Our results showed that patients carrying the p73 variant AT allele
were less likely to develop SPM compared to the patients with p73 GC/GC genotype (Log-rank
test, P = 0.013). Compared to the p73 GC/GC genotype, there was a significantly reduced risk of
SPM associated with the p73 GC/AT genotype (HR, 0.61, 95% CI, 0.40-0.93) and the combined
p73 GC/AT+AT/AT genotypes (HR, 0.59, 95% CI, 0.39-0.89), but a non-significantly reduced
risk for p73 AT/AT genotype (HR, 0.44, 95% CI, 0.14-1.41). The p73 AT allele was significantly
associated with risk of SPM in an allele dose-response manner (P = 0.011 for trend). The risk of
SPM associated with p73 variant genotypes (GC/AT+AT/AT) was more pronounced in several
subgroups (e.g., older patients, men, minorities, ever smokers and ever drinkers). Our results
support that this p73 polymorphism may be a marker for risk of SPM among patients with an
incident SCCHN.
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Introduction
Squamous cell carcinoma of the head and neck (SCCHN) is the sixth most common
malignancy worldwide, and is a cancer with moderately low survival and high recurrence
rates, high second primary tumor rates, and high prevalence of comorbid illnesses. Each
year, approximately 50,000 new patients are confirmed as having SCCHN, who are usually
diagnosed at approximately 60 years of age 1. Smoking and alcohol and genetic variation
have been linked to both SCCHN and SPM. Surgery, radiotherapy, and chemotherapy cure
many SCCHN, but a significant cause of post-treatment morbidity and mortality is the
development of SPM, estimated to occur in approximately 15% of SCCHN patients.
Understanding susceptibility to tobacco-related malignancies holds great promise for
primary cancer prevention, and identifying makers of risk for SPM among cancer survivors
would greatly enhance secondary prevention, which is currently limited to rather simplistic
clinical post-treatment screenings.

To achieve cure, aggressive multidisciplinary treatment has been adapted for SCCHN
patients. However, second primary malignancy (SPM), which occurs in approximately 15%
of SCCHN patients, is still a major factor contributing to poor overall survival of SCCHN
patients 2, 3. While tobacco and alcohol exposure 4,5 and cancer treatment 6,7 have been
found to be associated with the risk of SPM, only a small proportion of SCCHN patients will
develop SPM, implying that there is inter-individual variation in genetic susceptibility to
SPM among SCCHN patients 3. For instance, Foulkes et al has suggested that inherited
genetic factors modify carcinogen activity or host resistance to carcinogens in the
development of multiple head and neck tumors 8.

Functionally, p73, a family member of p53, activates transcription of p21- and p53-
responsive genes, which participate in cell cycle control, DNA repair, and apoptosis and
inhibits cell growth in a p53-like manner by inducing apoptosis or G1 cell cycle arrest 9,10.
Studies in various tumors suggest that p73 mutations are rare 11-13. Therefore, this gene
does not function as a traditional tumor-suppressor gene. Furthermore, increased p73
expression was found in human malignancies associated with p53 mutations 12,14-16,
suggesting that p73 may act as a tumor suppressor with overlapping functions of p53 or
compensating for the loss of function of p53 caused by mutations 12,14-16. Therefore, p73
may play an independent and/or compensatory functional role for p53 in SCCHN
development and progression.

Genetic alteration of p53 has been shown to be associated with the development of
SPM17,18. For instance, overexpression of p53 in the first primary cancer may be a valuable
marker for identifying individuals at high risk of developing SPM 19, and the
overexpression in tumor-distant epithelia in SCCHN patients is associated with the risk of
development of a SPM. Therefore, this could be used as a marker to identify which groups
of patients are at higher risk of developing SPM 20. Given the functional similarities
between p73 and p53, genetic alteration of p73 could also contribute to the risk of SPM
among SCCHN patients.

There are two completely linked non-coding exon 2 polymorphisms of p73 at positions 4
(G→A) and 14 (C→T) which are thought to affect p73 function by altering gene expression,
perhaps by altering the efficiency of translational initiation 21. Whether this modifies the
risk of SPM is unknown. Previous reports suggested that p73 G4C14-to-A4T14
polymorphism was associated with the risk of several types of cancers and survival of
cancer patients 22-27. However, the role of p73 polymorphism in the etiology of SPM after
index SCCHN has not been investigated. In order to test the hypothesis that the p73 G4C14-
to-A4T14 polymorphism is associated with the risk of SPMs after index SCCHN, we
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evaluated this association in a cohort of 1384 incident SCCHN patients to compare SPM-
free survival and the risk of SPM in different genotype groups.

Materials and Methods
Study subjects

A cohort of 1,667 patients with incident SCCHN (newly diagnosed, histopathologically
confirmed, and untreated squamous cell carcinomas of the oral cavity, oropharynx,
hypopharynx or larynx) were consecutively recruited from May 1995 to January 2007 at The
University of Texas M. D. Anderson Cancer Center as part of a ongoing prospective
molecular epidemiologic study, which has been previously described elsewhere 28,29. All
patients completed an IRB-approved informed consent and were recruited without
discrimination regarding age, sex, ethnicity, or clinical stage. Patients with any prior cancer
history excepting nonmelanoma skin cancer were not recruited. Also, patients with known
distant metastases, primary sinonasal tumors, salivary gland tumors, cervical metastases of
unknown origin, or tumors outside the upper aerodigestive tract were not recruited.
Approximately 95% of contacted patients consented to enrollment in the parent study. Blood
samples for genotyping data were not available for some patients recruited early in the
study, and these patients were excluded from this genotype and SPM analysis, as were
patients without follow-up and patients who underwent only palliative treatment.
Consequently, 1,384 patients were available for this study of SPM risk.

Patients were monitored through their treatment and post-treatment course with regularly
scheduled clinical and radiographic examinations. SPMs were distinguished from local
recurrences based on modified criteria of Warren and Gates 30. Second lesions with
different histopathologic type, or occurring more than 5 years following treatment for the
primary tumor, or clearly separated by normal epithelium based on clinical and radiographic
assessment were considered SPM. If there was discrepancy or differing opinion regarding
the origin of the tumor, the second lesion was classified as a local recurrence rather than a
SPM. Pulmonary lesions were considered SPM if they had a non-squamous histology; or if
they were isolated squamous lesions greater than 5 years from initial SCCHN and felt to be
SPM by the thoracic oncologist and thoracic surgeon. SPMs were then classified as tobacco-
associated (SCCHN or cancers of the esophagus, lung, or bladder) and non tobacco-
associated SPM.

Clinical data were obtained at initial presentation and through follow-up examinations and
included overall stage at presentation of the index tumor, site of the index tumor, and
treatment. Index cancer stage was then dichotomized into the early stage (including I and II
clinical stage) and late stage (III and IV). We also grouped treatment into four categories:
surgery only, surgery with radiotherapy and/or chemotherapy, radiotherapy, and
radiotherapy plus chemotherapy. All patients completed at presentation an epidemiological
questionnaire including data on alcohol and smoking status. Alcohol status was categorized
as “ever drinkers” (those who had drunk at least one alcoholic beverage/per day for at least
one year during their lifetime) and “never drinkers” (those who never had such a pattern of
drinking). “Ever smokers” were those who had smoked at least 100 cigarettes in their
lifetime, and “never smokers” were those who had smoked fewer than 100 cigarettes in their
lifetime.

p73 genotyping
Genomic DNA was extracted from peripheral leukocyte pellets according to the
manufacturer's instructions (QIAGEN Inc., Valencia, Calif) for the genotyping of the p73
polymorphism. The primers and PCR method for the polymorphism have been previously
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described 24. There was 100% concordance when 10% of the genotyping assays were
repeated.

Statistical Analysis
For all analyses, statistical significance was set at P < 0.05, and all tests were two-sided. The
Statistical Analysis System software (version 9.1.3; SAS Institute) was used to perform all
statistical analyses. The primary endpoint of the study was SPM occurrence. The mean age
and follow-up time of the patients who developed a second primary cancer and those who
did not were compared using the Student's t test. The chi-squared test was used to evaluate
differences in ethnicity, sex, smoking and alcohol status, tumor site, tumor stage, treatment,
genotype distributions, and allele frequencies between the two groups. Time-to-event was
calculated from the date of diagnosis of the index SCCHN to the date of SPM occurrence.
Patients who were not known to have an event at the date of last contact, or who were lost to
follow-up, or who died following the initial date of diagnosis of their first primary head and
neck cancer, were censored. The associations between individual epidemiological risk
factors, clinical characteristics including tumor site, staging, and treatment variables, and
time to the occurrence of the SPMs, 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.

Epidemiological variables in the univariate analysis, assessed at the time of diagnosis,
included age in years, ethnicity, sex, and smoking and alcohol status. Clinical characteristics
included tumor site, tumor stage, and treatment. The first step in building a multivariable
model for time to SPM occurrence did not incorporate any interaction terms. A
multivariable proportional hazards model was built using the variables that had prognostic
potential suggested by the univariate analysis (P < 0.25). Due to epidemiological and
clinical considerations in building the model, age, sex, and ethnicity were always retained in
the main-effects and final multivariable model. In building multivariable models, a stepwise
search strategy was used. A threshold level of 0.25 for the likelihood ratio test was used as a
cutoff to determine whether a variable could be entered into, or removed from, the
regression model. Associations were quantified using hazard ratios and their 95%
confidence intervals for developing a SPM. The final fully adjusted Cox regression models
included age, sex, ethnicity, and smoking and alcohol status.

Results
Patient Characteristics

Table I shows the demographics, exposure, and clinical variables for the 1,384 patients, of
whom the 1,274 patients did not develop SPM, and the 110 (8.0%) patients developed SPM.
In this patient cohort, the median follow-up time was 26 months (range 0 to 142.4 months).
Of the 110 patients with SPM, 77 developed second tobacco-associated cancers, 29
developed other non tobacco-associated malignancies, and 4 had both a tobacco-associated
and non-tobacco-associated SPM. Of 43 patients with second SCCHN, 24 (56%) were
synchronous SCCHN primaries. Of these 24 patients with synchronous SCCHN, two had
bilateral oral cavity cancers, three had bilateral oropharyngeal cancers, one had bilateral
hypopharyngeal cancers, and the remainder had simultaneous cancers of more than one head
and neck subsite.

The mean age at diagnosis for the index SCCHN patients was 57.3 years (range, 18-94
years, median, 57 years), and the mean age of patients at index SCCHN who developed
SPM was significantly older than that of patients who did not develop a SPM (60.8 years vs.
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57.0 years, respectively; P < 0.01). The participants in this study were predominantly male
(76.1%) and non-Hispanic whites (83.8%), although sex and ethnicity were not associated
with SPM development (P = 0.761 for sex and P = 0.100 for ethnicity; respectively).
Compared with the SPM-free group, patients who developed SPM had similar
characteristics with respect to index cancer site (P = 0.114), cancer stage (P = 0.819), and
treatment (P = 0.870). However, compared with the SPM-free group, patients who
developed SPM were more likely older (P < 0.001), smokers (P = 0.021), and drinkers (P =
0.052).

Association of p73 G4C14-to-A4T14 polymorphism with risk of SPM
Genotype data were available for 1,284 (92.8%) patients in the cohort. The p73 genotype
distributions among the patients, the patients who developed SPM and the patients who did
not, and the associations with risk of SPM are shown in Table II. The frequency of p73 wild
type homozygous genotype (GC/GC) among SCCHN patients was 57.7%, and the minor or
variant AT/AT homozygote only accounted for 4.6%. The distribution of p73 genotypes was
significantly different between patients who developed SPM and those who did not (P =
0.047). Because the variant homozygotes for this p73 polymorphism were relatively
uncommon, we combined the variant homozygotes with heterozygotes for SPM-free
survival and SPM risk analyses. We found that the patients with p73 variant GC/AT or AT/
AT genotype experienced a better SPM-free survival compared with patients with the p73
wild-type GC/GC genotype (log-rank, P = 0.013, Figure 1). When data were adjusted for
age, sex, ethnicity, smoking, and alcohol (Table II), patients with the heterozygous (GC/AT)
genotype had an approximately 39% significantly reduced risk for developing SPM
compared to patients with the p73 wild-type genotype (GC/GC) (HR, 0.61; 95% CI,
0.40-0.93), and the combined variant genotypes (GC/AT+AT/AT) was associated with a
significantly 41% reduced risk for SPM (HR, 0.59; 95% CI, 0.39-0.89). Moreover, the p73
AT/AT genotype was associated with an even lower risk of SPM (HR, 0.44; 95% CI,
0.14-1.41), although this association was not statistically significant likely due to the limited
size of this subgroup. It appeared that the p73 AT allele was significantly associated with
risk of SPM in a dose-response manner (P = 0.011 for trend).

Stratification Analysis
To evaluate the risk of SPM for subgroups, we further stratified the association between the
combined p73 variant genotypes (GC/AT+AT/AT) and SPM risk by age, sex, ethnicity,
smoking/drinking status, cancer treatment, index cancer stage, and SPM type as shown in
Table III. We found a reduced SPM risk associated with the combined variant genotypes
(GC/AT+AT/AT) for all subgroups, but this protective effect was significant only for older
patients, men, minorities, ever smokers, ever drinkers, patients treated with DNA damaging
therapeutic modalities, and patients with late stage of index SCCHN. Furthermore, we found
that the patients with p73 combined variant genotypes had a 64% significantly reduced risk
of non tobacco-associated SPM (HR = 0.36, 95% CI, 0.16-0.84).

Discussion
Previous studies have evaluated the association of this p73 polymorphism and risk of or
survival from several types of cancer 22-27, but none of these focused on risk of SPM after
index SCCHN. In the current study of 1,384 patients with SCCHN, we found that patients
with p73 GC/AT heterozygotes or the combined p73 GC/AT+AT/AT genotypes had a
significantly lower risk of developing SPM compared to patients with p73 GC/GC wild-type
homozygous genotype, and the risk was significant only in older patients, men, minorities,
ever smokers and ever drinkers, the patients who had late stage of index SCCHN, and the
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patients who received DNA damage-related treatment. Additionally, the protective effect
seemed greater for non-tobacco-associated SPM.

Like p53, p73 plays a similar role in regulating critical cellular activities, such as cell cycle
control, DNA repair, and apoptosis, thereby influencing tumor development, progression,
and response to DNA damage. Although the exact functional relevance of the p73 G4C14-
to-A4T14 genetic variants remains unknown, the GC to AT change may lead to formation of
stem-loop structure and so may influence p73 translation efficiency and altered gene
expression, which in turn would affect the regulation of cell-cycle control, apoptosis,
response to DNA damage, and cell growth. The functional relevance of this p73 G4C14-to-
A4T14 polymorphism from the epidemiologic findings may also imply linkage
disequilibrium with other functional variants of p73 or with alleles at other nearby loci of
other genes. However, this hypothesis remains to be tested.

Findings from previous studies regarding the association of this p73 G4C14-to-A4T14
polymorphism with cancer risk are inconsistent 22-27. We previously reported that this p73
polymorphism was associated with a significantly increased risk of lung and head and neck
cancers 23,24, and similar associations were found for cervical cancer in a Japanese
population 26 and colorectal cancer in a Swedish population 27. In contrast, two studies
found an even protective effect on risk of lung cancer in a Chinese population 22 and
esophageal cancer in an Irish population 25; additionally two other studies did not observe
any association with risk of colorectal cancer and breast cancer in a Japanese population
31,32.

These conflicting results may be attributed to differences in the genotype frequencies
between various populations, who may differ in demography, diet, primary risk exposures,
social factors, and clinical characteristics. Furthermore, the effect of a low-penetrance
susceptibility gene on disease risk might be influenced by other modifying genes and
environmental factors through gene-gene or gene-environment interactions. Therefore,
different genetic backgrounds and different risk factors might explain, to some extent, these
inconsistent results in risk estimates associated with this p73 polymorphism in different
cancers and populations. Other factors such as small sample size, inclusion of a single
polymorphism, mixture of different ethnic groups in a single study, or inadequate
adjustment for confounding factors could also cause the inconsistent results.

Our results indicated a protected effect of the p73 variant genotypes on risk of SPM or a
better SPM-free survival in patients with SCCHN, an opposite effect to risk of primary
SCCHN in the same population 24. Pfeifer et al. also found that carriers of the p73 variant
genotypes have a greater risk of cancer (colorectal), while the patients who carried p73
variant genotypes had a better prognosis 27. The exact mechanism for these seemingly
conflicting results remains unknown. It might be possible that this p73 polymorphism may
cause less p73 expression for patients with variant genotypes in tumors because previous
studies have shown that over-expression of p73 is a poor prognostic factor in colorectal
cancer patients 33,34. It also might be that this p73 polymorphism's effect in normal
epithelium of the head and neck differ from those in SCCHN tumor tissues which have
numerous somatic changes. it might be that this p73 polymorphism may function differently
in etiology (case-control study) and prognosis (case only study) because the normal
epithelium of the head and neck and SCCHN tumor tissues have significant differences in
genetic profiles such as somatic genetic changes (e.g., p53 mutation). This polymorphism of
p73 may have different roles in etiology and prognosis through the interaction of this p73
variant with the normal genes in normal tissues, genetically altered genes in SCCHN tissues,
smoking behavior, human papillomavirus (HPV), and other environmental risk factors,
respectively. Therefore, definitive answers to the functionality of this p73 variant in the
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development of SPM and SCCHN will obviously require extensive genetic and biochemical
studies. Since the p73 variant AT allele may play a critical role in the development or
progression of early cancerous lesions, it may lead to different p73 functions, perhaps due to
splice variant expression 25. The expressed patterns of any spliced isoforms of p73, such as
the pro-apoptotic TA73 or the anti-apoptotic DNp73, may cause different expression of p73.
Therefore, individuals with the AT allele may have an increased risk of developing SCCHN,
but in the tumors, the AT allele may inhibit oncogenic functions, which may lead to a better
SPM-free survival. This hypothesis needs to be tested in additional studies.

Several studies have demonstrated that occurrence of SPM is not related to clinical
characteristics or treatment but, rather, to previous and continued exposure to risk factors
4,35 except one study showing that radiotherapy for oral cancer may be a risk factor for
SPMs 36. In the current study, we did not find an association between the clinical
characteristics (including cancer treatment, staging, and sites) and risk of SPM after
adjustment for other covariates, but the results from the current study and others suggested
that genetic factors, within the context of previous or continued exposure to smoking and
alcohol, may affect the risk of SPM after index SCCHN 37-39. We observed that the p73
variant genotypes (GC/AT+AT/AT) were an independent risk factor for the risk of SPM in
SCCHN patients who received previous treatment, even after controlling for smoking and
alcohol status. We also observed this protective effect in all subgroups, though this effect
was significant in only older patients, men, minorities, ever smoker and ever drinkers.

Our study has several inherent limitations, although it was a large and well-characterized
cohort in SCCHN patients from a major multidisciplinary cancer center. This patient cohort
included multiple ethnicities, however, 85% of patients were non-Hispanic whites.
Secondly, while demographics, exposure, and clinical data for the cohort were collected
prospectively, clinical outcomes including SPM were collected retrospectively without a
strictly defined screening or follow-up regimen. Furthermore, follow-up time in this study
was somewhat limited, and patients may not have had as much opportunity to develop SPM.
This could result in a lower SPM rate than expected, and the smaller number of SPM limited
statistical power, particularly in subgroup analyses. Our low SPM rate also could be due to
our high prevalence of never smokers and our strict criteria in defining SPM. Finally, due to
the retrospective nature of the original study design, we did not have information on HPV
status, one of the major risk factors for SCCHN. We also did not have information on
smoking behavior available (e.g., smoking intensity and duration). The lack of this
information may bias the estimates of association in this study. Therefore, once this
information becomes available, our future studies on the association between this and/or
other genetic polymorphisms and risk of SPM will take HPV and smoking behavior into
account as confounders. With the information available, the further analysis on the
interaction effect between the p73 polymorphism and smoking behavior and/or HPV on the
risk of SPM as well as SCCHN will become feasible. Despite these limitations, the current
investigation supports a significant role of p73 G4C14-to-A4T14 polymorphism in the
development of SPM after index SCCHN.
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Figure 1.
Kaplan-Meier SPM-free survival curve stratified by p73 homozygous wild-type genotype
(GC/GC) and p73 combined variant genotypes (GC/AT+AT/AT)
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