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BACKGROUND: Cervical cancer is a predominantly human papillomavirus (HPV)-driven disease worldwide. However, its incidence is unex-

plainably low in western Asia, including Saudi Arabia. Using this paradigm, we investigated the role of HPV infection rate and host genetic

predisposition in TP53 G72C single nucleotide polymorphism (SNP) presumed to affect cancer incidence. METHODS: Patients treated be-

tween 1990 and 2012 were reviewed, and a series of 232 invasive cervical cancer cases were studied and compared with 313 matched

controls without cancer. SNP was genotyped by way of direct sequencing. HPV linear array analysis was used to detect and genotype

HPV in tumor samples. RESULTS: The incidence of cervical cancer revealed bimodal peaks at 42.5 years, with a slighter rebound at

60.8 years. Among all cases, 77% were HPV-positive and 16 HPV genotypes were detected—mostly genotypes 16 (75%) and 18 (9%)—

with no difference by age, histology, or geographical region. Although the TP53 G72C genotype was not associated with overall cervi-

cal cancer risk, it was significantly associated with HPV positivity (odds ratio, 0.57; 95% confidence interval, 0.36-0.90; P 5.016). Fur-

thermore, the variant C allele was significantly overtransmitted in the population (P<.0003). CONCLUSION: Cervical cancer incidence

displays bimodal curve peaking at a young age with secondary rebound at older age.The combination of relative low HPV infection and var-

iant TP53 72C allele overtransmission provide a plausible explanation for the low incidence of cervical cancer in our population. Therefore,

HPV screening and host SNP genotyping may provide more relevant biomarkers to gauge the risk of developing cervical cancer. Cancer

2017;123:2459-66. VC 2017 The Authors.Cancer published by Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open ac-

cess article under the terms of the Creative Commons Attribution NonCommercial License, which permits use, distribution and

reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
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INTRODUCTION
Uterine cervical cancer (CxCa) is one of the most frequent malignancies affecting women worldwide.1 However, its inci-
dence is not uniform in various populations having different socioeconomic and national human development levels; a
large majority of the global burden occurs in less-developed regions, and the lowest rates are in western Asia.1 Infection
with human papillomavirus (HPV) stands out as being the main cause among all known risk factors, and high-risk HPVs
drive the major carcinogenic events in the pathogenesis of CxCa, with an estimated worldwide prevalence ranging between
85% and 99%.2-4 In contrast, CxCa incidence is low in a few countries, even though they lack national screening pro-
grams.5 In Saudi Arabia, CxCa is infrequent, accounting for only 2.4% of all new cases in women.6 The reason for this
low incidence is not known.

Genetic inherited predisposition has largely been considered as an interfering factor modifying the risk of developing
various types of malignancies, including CxCa.7 The hypothesis is that genetic polymorphisms in various classes of genes
might foster HPV persistence and enhance progression to cancer.8 Moreover, emerging genome-wide association studies
have supported this assumption and detected susceptibility loci formerly not implicated in CxCa development.9 The piv-
otal gene encoding the tumor suppressor protein p53 (TP53) is the most widely evoked candidate gene with an alleged
ability to affect the oncogenic potential of the viral HPV-E6 protein.10 The p53 protein is a central regulator of cell cycle
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and DNA repair that orchestrates several pathways to pre-
serve genomic integrity, which can be deregulated by
HPV infection. A common nonsynonymous polymor-
phism (G/C, rs1042522) codes for arginine (Arg) or pro-
line (Pro) at position 72 of the p53 amino acid sequence.
The majority allele G (Arg form of p53) was associated
with CxCa development and has been described as more
susceptible than the Pro variant to HPV-E6–mediated
degradation.10

The low cervical cancer incidence observed in our
population provides an ideal setting to study host genetic
predisposition in conjunction with HPV infection. We
hypothesized that low HPV presence in tumors and/or
polymorphic variation in TP53 G72C contribute to re-
duced cancer risk. Because systematic information about
CxCa in Saudi women is not available to help solve this
dilemma,11 we investigated the prevalence of HPV infec-
tion and genotype in a series of CxCa patients and the
possible association with TP53 single nucleotide poly-
morphism (SNP) rs1042522, which is presumed to pre-
dispose to cancer. The objective is to contribute to the
understanding of this disease in our community, so
health practitioners can deliver more insightful and per-
sonalized preventive medicine.

PATIENTS AND METHODS

Ethical Considerations

The study used cervical tumor tissues obtained during
routine diagnostic procedures of CxCa patients. The sam-
ples were processed anonymously. Blood samples, where
applicable, were obtained after informed consent was giv-
en. The Institutional Review Board and Research Centre
Ethics Committee approved the study.

Clinical Specimens

CxCa patients treated between 1990 and 2012 in our ter-
tiary hospital were reviewed, and 232 patients with histo-
pathologically proven invasive tumors were included in
the study. Sufficient pathological specimens to test for
HPV infection were available for 213 patients, whereas
blood samples were obtained from the remaining 19
patients to perform SNP genotyping. Patient eligibility
criteria included cervical cancer without restriction on age
or histological type (squamous cell carcinoma, adenocar-
cinoma). Pathological tumor samples were from regular
biopsies or paraffin-embedded tissues. Normal female
volunteers without history of cancer were used as controls
for SNP genotyping. They were recruited between
employees or individuals undergoing physical examina-
tion for benign conditions. The control group consisted

of 313 best matched women for age, ethnicity, and gravi-
da. Blood samples (5 mL) were obtained upon providing
approved informed consent for the genetic study.

DNA Extraction, SNP Sequencing,
and Genotyping

DNA extraction was performed using a Puregene DNA
Purification Kit (Gentra Systems, Big Lake, MN). The
PCR thermal cycling conditions, primers used for ampli-
fication and genotyping of TP53 G72C Arg/Pro
(rs1042522), have been described previously.12 The
DYEnamic ET Dye Terminator Cycle Sequencing Kit
(Amersham Biosciences, Little Chalfont, United King-
dom) was used to sequence the amplified fragment on the
MegaBase 1000 sequencer (Applied Biosystems, Foster
City, CA). Results were aligned to the reference sequence
using SeqManII sequence analysis software (DNASTAR,
Madison, WI) to determine the SNP genotype.

Detection and Genotyping of HPV

We used the Linear Array HPV Genotyping Test (LA
HPV GT; Roche Diagnostics, Basel, Switzerland) accord-
ing to the manufacturer’s recommended methodology.
The kit detects and genotypes the 37 most common ano-
genital HPVs (13 high-risk: 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 68, and 24 low-risk: 6, 11, 26, 40, 42,
53, 54, 55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73 [MM9],
81, 82 [MM4], 83 [MM7], 84 [MM8], 89 [CP6108],
and IS39). The adequacy of samples is determined by the
betaglobin gene as an internal control. HPV-positive reac-
tions show blue bands on the strip. Negative results show
no HPV band after at least 2 repeated tests with con-
firmed adequacy of samples.

Statistical Analysis

Univariate analysis was performed to screen for factors
that might be related to cancer (age, geographic region,
parity, histology, cancer stage, and associated diseases).
The SNP genetic association was assessed by the odds ra-
tio (OR) and its confidence interval (CI). Significance lev-
el was analyzed using a chi-square test, with the continuity
uncorrected. One sample z-test was used to detect differ-
ences in proportions when the referenced proportion was
deemed constant. Each allele’s transmission was assessed
using a chi-square test with 1 degree of freedom. A P val-
ue� .05 was considered statistically significant. Devia-
tions from Hardy-Weinberg equilibrium (HWE) were
tested to study the influences of genotype distribution by
comparing the observed frequencies with the expected fre-
quencies. Clustering of age-related incidence of CxCa was
verified by the analysis of mixture of 2 Gaussian

Original Article

2460 Cancer July 1, 2017



distributions and was fitted using the EM algorithm in
the R package (https://www.r-project.org) using the mix-
tools function. Statistical analysis softwares used were the
SigmaPlot platform (version 12.5; SPSS Science, Chica-
go, IL), Case Control Studies (http://ihg.gsf.de/cgi-bin/
hw/hwa1.pl; Helmholtz Center, Munich, Germany), and
MedCalc (https://www.medcalc.org/calc/test_one_pro-
portion.php; Ostend, Belgium).

RESULTS

Patients and Clinical Data

The characteristics of the cervical cancer patients are sum-
marized in Table 1. The median patient age at diagnosis of
CxCa was 46 years (range, 28-78 years). There were 224
Saudis and 8 expatriate women. Most (72%) of the
patients originated geographically from central and eastern
areas of Saudi Arabia followed by southern, western, and
northern regions (Table 1). Most patients had several preg-
nancies with a median number of gravidity of 8 (range, 0-
19) and parity of 7 (range, 0-16). Only 6 patients (3%) had
prior screening, whereas 11 patients (5%) reported history
of other unidentified cervical infections. Normal controls
had similar socio-economic distribution and comparable
age (median, 45 years; range, 28-78 years), ethnicity (94%
Saudis), and gravida (median, 7; range, 0-18). No history

of Pap smear screening or previous sexually transmitted dis-
ease (STD) infection were reported.

FIGO (International Federation of Gynecology and
Obstetrics) cancer staging varied between IA and IV, with
most patients (74%) having stage II/III disease (Table 1).
Cancer histology revealed that 41 patients (18%) had
adenocarcinoma, whereas 191 (82%) had squamous cell
carcinoma of the cervix. The distribution of the 2 histo-
pathological types of CxCa by patient age is shown in
Figure 1A. The age distribution of CxCa evoked a
bimodal curve separating the patients into 2 age groups:
25-50 years and 51-80 years. The first peak appeared at
41-45 years, followed by a relative rebound peak at 56-60
years. The analysis of mixture of 2 Gaussian distributions
fitted using the EM algorithm in the R package showed
distinct 2 curves (Fig. 1B) with means of 42.56 and 60.84
(standard deviation 5 6.33 for both) and mixing propor-
tions of 74% and 26% for the first and second clusters, re-
spectively. There was no discernable difference between
histological types (adenocarcinoma versus squamous cell
carcinoma) between the 2 age clusters.

Detection of HPV Infection and Genotyping

HPV tests were performed for 213 of the 232 patients for
whom sufficient pathological materials were available.
The results indicated that 163 patients (77%) were HPV-

TABLE 1. Characteristics of Cervical Cancer Patients

HPV

Status

No. of

Patients

Age, y,
Median

(Range)

Region of
Saudi

Arabia,

n (%)

Gravidity,
Median

(Range)

Parity,
Median

(Range)

Histology,

n (%)

Stage,

n (%)

Associated
Diseases,

n (%)

Previous
Screening,

n (%)

Previous

STD, n (%)

HPV-positive 163 46 (29-78) C: 74 (46)

E: 43 (26)

S: 16 (10)

W: 15 (9)

N: 15 (9)

8 (0-19) 7 (0-16) AC: 31 (19)

SCC: 132

(81)

I: 42 (26)

II: 78 (48)

III: 36 (22)

IV: 7 (4)

Yes: 67 (41)

No: 96 (59)

Yes: 6 (4)

No: 157 (96)

Yes: 11 (7)

No: 152 (93)

HPV-negative 50 44 (28-74) C: 21 (42)

E: 9 (18)

S: 7 (14)

W: 7 (14)

N: 6 (12)

6 (1-13) 6 (0-12) AC: 9 (18)

SCC: 41 (82)

I: 17 (34)

II: 21 (42)

III: 9 (18)

IV: 3 (6)

Yes: 17 (34)

No: 33 (66)

Yes: 0 (0)

No: 50 (100)

Yes: 0 (0)

No: 50 (100)

Pa .217 .570 .051 .049 .872 .627 .369 .999 .999

Unknown 19 51 (30-72) C: 13 (68)

E: 6 (32)

S: 0 (0)

W: 0 (0)

N: 0 (0)

9 (5-12) 8 (5-12) AC: 1 (5)

SCC: 18 (95)

I: 5 (26)

II: 9 (48)

III: 4 (21)

IV: 1 (5)

Yes: 10 (53)

No: 9 (47)

Yes: 0 (0)

No: 19 (100)

Yes: 0 (0)

No: 19 (100)

Total 232 46 (28-78) C: 108 (47)

E: 58 (25)

S: 23 (10)

W: 22 (9)

N: 21 (9)

8 (0-19) 7 (0-16) AC: 41 (18)

SCC: 191

(82)

I: 64 (28)

II: 108 (46)

III: 49 (21)

IV: 11 (5)

Yes: 94 (41)

No: 138 (59)

Yes: 6 (3)

No: 226 (97)

Yes: 11 (5)

No: 221 (95)

AC, adenocarcinoma; C, central; E, eastern; N, northern; S, southern; SCC, squamous cell carcinoma; STD, sexually transmitted disease; W, western.
a Significance level for the difference between HPV-positive and HPV-negative patients.
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positive, whereas 50 specimens (23%) were negative for
HPV infection after at least 2 separate tests and an inde-
pendent confirmation using the Xpert HPV Assay (Ce-
pheid, Sunnyvale, CA). By histopathology, 78% of the
adenocarcinomas and 79% of the squamous cell carcino-
mas were positive for HPV infection. The comparison be-
tween HPV-positive and HPV-negative patients showed
no differences in age, geographic region, histology, stage,
associated diseases, previous screening, or having other
STDs in their medical history, except marginally sig-
nificant (P 5 .05) differences for gravidity and parity
(Table 1).

HPV genotyping detected 9 single genotypes and 10
double coinfections, with a total of 16 different HPV gen-
otypes (Fig. 2). The majority of patients (90%) had a sin-
gle infection. The most frequent HPV genotype by far
was HPV16 (67.5%), followed by HPV31 (6.8%),
HPV18 and HPV45 (5.5% each), HPV73 (1.8%),
HPV59 (1.3%), and HPV6, HPV56, and HPV64 (0.6%
each). Sixteen patients had double infections involving
HPV16/18 (3.7%), HPV16/45 (1.3%), and HPV16/31,
16/39, 16/51, 16/70, 16/82(IS39), 33/52, 35/52, and 45/
59 (0.6% each). By combining single and double infec-
tions, HPV16 remained the most common HPV geno-
type with an overall prevalence of 75%, followed by
HPV18 (9%) and HPV31 and HPV45 (7% each). In ad-
dition, HPV16 and/or HPV18 were found in 62% (132/
213) of patients altogether and represented 81% (132/
163) of all HPV-positive patients. The frequency of the 2
most prevalent genotypes (HPV16 and HPV18) was ap-
parently not different in adenocarcinoma and squamous
cell carcinoma (87% and 80%, respectively). In addition,

there were no obvious variations in the occurrence of the
main HPV genotypes across the age groups (Fig. 3), par-
ticularly when the 2 age clusters (25-50 years and 51-80
years) were compared.

TP53 G72C Genetic Polymorphic Variation

The candidate TP53 G72C SNP was genotyped in all 232
CxCa patients and the 313 female control volunteers
without cancer. The genotype and allele frequencies were
comparable between cancer patients and controls (Table
2). Interestingly, the C allele (Pro; 52%) was more com-
mon than the considered majority G allele (Arg; 48%) in
this cohort of unrelated women (patients and controls).
To further elucidate the genetic predisposing effects of the
SNP in the presence of HPV infection, the association
study was reanalyzed in cancer patients with HPV results
(213 patients, 163 HPV-positive patients compared with
50 HPV-negative patients). This nested analysis revealed
a significant association of TP53 G72C with CxCa in the
presence of HPV infection. The variant TP53 72C allele
(Pro) was slightly but significantly (OR, 0.57; 95% CI,
0.36-0.90; P 5 .016) less frequent than the majority allele
G (Arg) in HPV-positive cervical cancers compared with
HPV-negative patients. The Cochran-Armitage test for
trend was statistically significant (common OR, 0.54;
P 5 .011), indicating a dose-dependent relationship of
TP53 G72C genotypes in HPV-positive patients. Testing
for deviation from HWE in TP53 G72C genotypes (by
comparing observed distributions with expected distribu-
tions) showed borderline significant deviation for HPV-
positive patients (P 5 .09) but not HPV-negative patients
(P 5 .72).

Figure 1. (A) Age distribution of adenocarcinoma and squamous cell carcinoma in 232 cervical cancer patients. (B) Density
curves (histogram representing the percent of patients per unit age) of the incidence of cervical cancer by 5-year age groups
computed using the EM algorithm in the R package showing 2 clusters fitted with 2 curves with a first peak at younger age of
42.5 years (red curve) and a second peak at older age of 60.8 years (green curve). The dotted line represents the overall curve
fitting.
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DISCUSSION
To the best of our knowledge, this study represents the
largest investigation related to HPV infection and CxCa
in Saudi Arabia,13,14 particularly in connection with the
association with a candidate cancer-predisposing genetic
polymorphic variation. Our results show that the ratio of

histological types (18% adenocarcinoma vs 82% squa-
mous cell carcinoma) is in agreement with published
data15 with no apparent difference across age of patients,
particularly when the 2 age clusters (25-50 years and 51-
80 years) were compared (Figs. 1 and 3). A total of 16 dif-
ferent HPV genotypes in single or double coinfections

Figure 2. Illustrations of the Linear Array HPV Genotyping (Roche Diagnostics) results showing the different HPV genotypes, in
single and double coinfections, detected in cervical cancer patients along with negative and positive controls.

TABLE 2. Genotype and Allele Frequencies of TP53 G72C Polymorphism and Its Genetic Association
Between Cervical Carcinoma Patients Compared With Control Subjects Without Cancers and Between
HPV-Positive and HPV-Negative Patients

Genotype, Allele Cases, n (%) Controls, n (%) OR (95% CI) P

HWE Test, Expected
Genotypes

Cases Controls

Cancer (n 5 232) Volunteers (n 5 313)

G/G 47 (20) 64 (20) 51.21 76.26

G/C 124 (53) 181 (58) 0.93 (0.60-1.44) .757 115.58 156.47

C/C 61 (26) 68 (22) 1.22 (0.73-2.03) .442 65.21 80.26

G 218 (47) 309 (49) — — — —

C 246 (53) 317 (51) 1.10 (0.86-1.39) .437 — —

P 5.267 P 5.005

HPV1 (n 5 163) HPV2 (n 5 50)

G/G 40 (25) 7 (14) — — 45.37 7.61

G/C 92 (56) 25 (50) 0.64 (0.25-1.61) .344 81.25 23.79

C/C 31 (19) 18 (36) 0.30 (0.11-0.81) .014 36.37 18.61

G 172 (53) 39 (39) — — — —

C 154 (47) 61 (61) 0.57 (0.36-0.90) .016 — —

P 5.091 P 5.719

Abbreviations: C, cytosine; CI, confidence interval; G, guanine; HPV1, human papillomavirus–positive; HPV2, human papillomavirus–negative; HWE, Hardy-

Weinberg equilibrium; OR, odds ratio.
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were detected using the Linear Array HPV Genotyping
test (Fig. 2). The majority of patients (90%) had single
HPV infection. Patient characteristics revealed that be-
sides marginally significant (P 5 .05) differences for gra-
vidity and parity, where HPV-positive women had
slightly higher median numbers compared with HPV-
negative women, there were no differences in age, geo-
graphic region, histology, tumor stage, associated diseases,
previous screening, or other STDs (Table 1).

In agreement with results reported in a nearby coun-
try having comparable socioeconomic status,16 our results
indicated that the prevalence of HPV infection of any
genotypes in Saudi CxCa patients (77%) is below the esti-
mated worldwide range (85%-99%).3,4,17 Statistical anal-
ysis revealed that this rate is significantly lower than the
lowest (85%) global estimation (1 sample z-test; 95% CI,
71% - 82%; P 5 .001). These results are in line with the
finding that the prevalence of other STDs, including hu-
man immunodeficiency virus, in Saudi Arabia is low com-
pared with global rates.18 The conservative society, sexual
mores, and widely practiced male circumcision may re-
duce exposure to STD infections and shift the parameters
that affect the frequency and outcome of related diseases,
including CxCa. However, the assumption of low inci-
dence of primary HPV infection in cervical swaps has not
been substantiated in our population.14 Therefore, it can
be speculated that the lower HPV infection rate in our
cervical cancer patients could indicate a higher rate of
HPV clearance, likely due to reduced susceptibility. In ad-
dition, age-specific occurrence of cervical cancer and
HPV distribution in our patients revealed a bimodal curve
(Fig. 1B), with a first peak occurring at young ages (mean,
42.56 years) followed by a relative rebound at older ages

(mean, 60.84 years). This bimodal occurrence was evoked
in other population positioning peaks at younger age of
30-34 years and slightly older age of 65-69 years.19 These
high points of cervical cancer incidence are shifted 5-15
years after an analogous bimodal age-specific HPV-infec-
tion prevalence described at 25 and 45 years of age,20

which may represent the time of cervical malignant trans-
formation to take place with some specificity of each pop-
ulation remnant of possible genetic and cultural
differences. HPV16 was by far the most frequent geno-
type, including coinfections, with an overall prevalence of
75% compared with 54% worldwide.17 The next most
common genotypes were HPV18 (9%), HPV31 (7%),
and HPV45 (7%). In addition, HPV16 and/or HPV18
were present in 62% of all CxCa and formed 81% of
HPV-positive patients. The latter prevalence rate is slight-
ly higher than that reported in Europe (74.5%), North
America (76.5%), and the world altogether (70.9%).17

Studying the genetic relationship between CxCa and
the most commonly suspected cancer predisposing poly-
morphism TP53 G72C revealed no significant associa-
tion, whereas CxCa patients and control women without
cancer had displayed similar genotype frequencies (Table
2). Following the first description of the potential useful-
ness of the Arg genotype as a marker of risk to develop
uterine cervix neoplasia,10 there were many studies that
examined the association between CxCa and TP53 G72C
SNP; however, the results in various populations were in-
consistent.21 Nevertheless, there is substantial collective
evidence to support a sound association specifically when
HPV status is considered. Thus, whereas Sousa et al22

could not confirm the association in a number of Europe-
an countries other than Italy and the United Kingdom, 2
other large meta-analyses have validated the significant as-
sociation between the homozygous G allele (Arg) and
CxCa.23,24

Of particular importance, the nested association
analysis within CxCa patients (Table 2) showed that the
variant TP53 72C allele was significantly less frequent
than the majority allele G in HPV-positive CxCa patients
compared with HPV-negative CxCa patients (OR, 0.57;
95% CI, 0.36-0.90; P 5 .016). This means that the vari-
ant allele (C, Pro) is associated with reduced odds for
HPV infection and, therefore, is protective against cervical
cancer. In other words, the majority risk allele (G, Arg)
was more frequent in HPV-positive patients compared
with HPV-negative patients (53% vs 39%, respectively).
HWE revealed a borderline significant deviation (P 5

.091), indicating a possible coselection of risk allele and
HPV. Furthermore, there was a statistically significant

Figure 3. Age distribution by 5-year groups of HPV detection
and genotypes in 232 cervical cancer patients.
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dose-dependent relationship for TP53 G72C genotypes
(Cochran-Armitage trend test, P 5 .011), indicating an
ordering in the effect of the G allele in HPV-positive
patients. In fact, it is this allele that is deemed more prone
to degradation by high-risk HPV-E6 oncoprotein.10 Con-
sistent with our results, Hu et al21 also reported that the
TP53 G72 (Arg) was significantly overtransmitted in
Caucasian CxCa subjects of a family-based association
study where HPV was determined, especially in subjects
who were infected with HPV16/18.21 In validation of our
results, a systematic meta-analysis including 49 studies
showed that HPV-positive patients had significantly ele-
vated odds of progression from squamous intraepithelial
lesions to invasive CxCa when associated with the p53
Arg allele (OR, 1.37; 95% CI, 1.15-1.62; P< .001) that
was not seen in HPV-negative individuals.25 The authors
further stated that the Arg allele of p53 codon 72 is associ-
ated with the progression from squamous intraepithelial
lesions to CxCa in the presence of HPV positivity only.
Our results are in agreement with this conclusion and pro-
vide an independent confirmation cohort.

Finally, it is interesting to note that the assumed
“protective” variant TP53 72C allele was the most com-
mon allele found in our patients (C, 52% vs G, 48%;
patients and controls combined, n 5 545) and appears to
be overtransmitted in our population including both
sexes, as we have previously reported and deposited at the
National Center for Biotechnology Information website
(https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ss.cgi?
ss=ss105111344). This is different from other popula-
tions known to have higher incidence of cervical cancer.
For example, the TP53 G72 risk allele was shown to be
overtransmitted in Caucasian, African American, and
Mexican women.21,26 Hu et al21 had reported 71% G
allele and 29% C allele in Caucasian women (n 5 514)
and 65% G allele and 35% C allele in African American
women (n 5 62). In comparison with these published
data, statistical analysis revealed significant overtransmis-
sion of the C allele in our patients compared with Cauca-
sian (P< .0001) and African American (P 5 .00034)
women. It is probable that the absence of significant asso-
ciation in this study between patients and controls with-
out cancer is due to this overtransmitted TP53 72C allele
in our population. The reappearance of the significant as-
sociation became evident in nested analysis comparing
HPV-positive patients with HPV-negative patients be-
cause the TP53 G72C predisposing effect is restricted to
HPV infection. This is probably why TP53 G72C tended
to deviate from HWE in HPV-positive patients compared
with HPV-negative patients due to coselection of the

TP53 G72 risk allele with HPV infection. Thus, it is plau-
sible to speculate that the preponderance of the variant
TP53 72C allele contributes to some extent to the low in-
cidence of CxCa, in addition to the conservative societal
characteristics of the patient population. These results
support the coconsideration of HPV screening with host
genetic predisposition to guide decision making toward a
more effective and personalized preventive medicine.

In conclusion, cervical cancer incidence has a bi-
modal curve of occurrence. The relatively low incidence
of HPV (77%) and the preponderance of the variant
TP53 72C allele may contribute to the reduced incidence
of CxCa observed in our population. Thus, to further
gauge the risk of developing CxCa, HPV infection screen-
ing associated with host SNP genotyping could provide
more relevant candidate susceptibility biomarkers for ef-
fective preventive and personalized medicine.
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