
Abstract. Background: C-reactive protein (CRP) is the
prototypical biomarker of inflammation. Genetic variations
within the CRP gene have been shown to be associated with
alterations of CRP expression and prognosis in cancer
patients. The purpose of this study was to evaluate the
association between four polymorphisms of the CRP gene,
CRP serum levels, clinicopathological parameters of cervical
cancer and survival in patients with cervical cancer.
Materials and Methods: The four most common single
nucleotide gene polymorphisms CRP1919 (rs1417938),
CRP2667 (rs1800947), CRP3872 (rs1205), and CRP5237
(rs2808630) were evaluated in 178 patients with cervical
cancer. DNA was extracted from blood samples and CRP
gene polymorphisms were investigated, using
pyrosequencing. Findings were correlated with CRP serum
levels, clinico-pathological parameters of cervical cancer,
and disease-free and overall survival. Furthermore, the
association between haplotype combinations and survival
was investigated. Results: Presence of the CRP gene
polymorphism CRP5237A>G was associated with lower
CRP serum levels (p=0.04). Univariate survival analysis
revealed that CRP1919T>A polymorphism (p=0.02),
International Federation of Gynecology and Obstetrics stage
(p<0.001), lymph node involvement (p=0.004), histological
grade (p=0.01), and serum CRP levels (p<0.001) correlate

with overall survival. In the multivariable Cox regression
model, CRP1919T>A (p=0.02), tumor stage (p<0.001),
lymph node involvement (p=0.03), patients’ age (p=0.02),
and serum CRP levels (p<0.001) were found to be
independently associated with overall survival. None of the
haplotype combinations were associated with prognosis of
patients with cervical cancer. Conclusion: Presence of the
CRP1919T>A polymorphism was associated with impaired
overall survival in patients with cervical cancer. The CRP
gene polymorphism CRP5237A>G was associated with
decreased serum CRP levels. 

C-Reactive protein (CRP) is widely used as an inflammation-
sensitive marker (1). An association between high serum
CRP levels and poor prognosis in cancer patients was
reported in recent studies. It was shown that rising CRP
levels correlate with advanced tumor stage and impaired
survival in women with ovarian, endometrial, and breast
cancer (2-4). Recently, our study group showed that high
serum CRP levels are independently associated with
impaired disease-free and overall survival in patients with
cervical cancer (5). 

The CRP gene is located on locus 1q21-q23 of chromosome
1. Several single-nucleotide polymorphisms (SNPs) in this
gene have been described in the literature (6). Among these,
the four most common polymorphisms, i.e. CRP1919T>A,
CRP2667G>C, CRP3872G>A, and CRP5237A>G – known to
be associated with changes of CRP production in vivo – have
been investigated in a number of human conditions and
diseases, such as myocardial infarction, chronic heart failure,
and cancer (6-12). The location of these four polymorphisms
on the CRP gene is shown in Figure 1. A recent population-
based study, including 46,618 participants from Denmark,
found an association between CRP polymorphisms and cancer
risk (9). The modifying effect of CRP gene polymorphisms on
the risk of endometrial cancer was reported as part of the
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Rotterdam Study (13). In a number of studies, CRP gene
polymorphisms were associated with a higher rate of metastasis
and impaired survival in cancer patients (10, 14). 

The objective of this study was to investigate the association
between the four most common CRP gene polymorphisms
CRP1919 (rs1417938), CRP2667 (rs1800947), CRP3872
(rs1205), and CRP5237 (rs2808630), serum CRP levels,
clinicopathological parameters of cervical cancer, and prognosis
in patients with cervical cancer. Furthermore, we intended to
establish a critical combination of CRP haplotypes as an
independent prognosticator for patients with cervical cancer. 

Patients and Methods

Patients. In the present study 178 consecutive patients with invasive
cervical cancer, treated at the Department of General Gynecology and
Gynecologic Oncology, Comprehensive Cancer Center, Medical
University of Vienna, between January 2000 and December 2009,
were enrolled. The Institutional Review Board of the Medical
University of Vienna approved the present study (IRB approval
number: 366/2003). All of the patients signed a human subject
Institutional Review Board informed consent form prior to study
inclusion.

Clinical management. Patients were clinically staged and treated
according to International Federation of Gynecology and Obstetrics
(FIGO) guidelines. Patients’ clinical data and survival data were
assessed semi-annually and documented using an electronic database.

CRP measurement. Blood samples for evaluation of serum CRP levels
were obtained by a single peripheral venous puncture 24-48 h prior to
therapy during routine preoperative assessment. For the measurement
of serum CRP levels, a commercially available immuno-turbidimetric
test (Olympus, CRP Latex, Olympus Life and Material Science
Europe, Hamburg, Germany) was used, as described previously (5).
After assessment by a physician specialized in internal medicine prior
to therapy, patients with presence of acute infection were not included.

DNA extraction. DNA was isolated from centrifuged blood clots by a
modified DNAzol procedure, from EDTA-blood using the QIAamp
DNA Blood Midi Kit (Qiagen, Inc., Hilden, Germany). Extracted
DNA was stored at 4˚C until analyzed.

Polymerase chain reaction (PCR). After searching the SNP database
from the National Center for Biotechnology Information (dbSNP), the
four most common and clinically relevant functional SNPs [CRP1919
(rs1417938), CRP2667 (rs1800947), CRP3872 (rs1205), and CRP5237
(rs2808630)] within the CRP gene were chosen for analysis (6, 9-12). 

The primers CRP1919 SE 5’-TCTCTCATGCTTTTGGCC AGAC,
CRP1919 AS 5’-ACCATGAAGGATGCTCCACTGT, CRP2667 SE
5’-GTGAACATGTGGGACTTTGTGC, CRP-2667 AS 5’-GCCCGCC
AAGATAGATGGT, CRP3872 SE 5’-TGCTGGATTTCCAAGC
TGAG, CRP3872 AS 5’-TTGGC TCCTCCACTTCCAGTT, CRP5237
SE 5’-TTATAGAAGGCCATC CCAACTCC, and CRP5237 AS 5’-
ATTAAGGCCAGAGGCTG TCTACCA, were used to amplify
fragments of the CRP gene. Antisense primers were biotinylated. PCR
was carried out in a total volume of 25 μL including 25 ng  template,
5 pmol of each sense and antisense primer and puReTaq Ready-To-Go
PCR beads (Amersham Biosciences, Little Chalfont, UK), which
contain 2.5 units of puReTaq DNA polymerase, 10 mmol/L Tris-HCl
(pH 9.0 at room temperature), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 200
μmol/L dATP, dCTP, dGTP, and dTTP, and stabilizers, including bovine
serum albumin. PCR was carried out on a Perkin-Elmer GeneAmp PCR
system 9600 with 40 cycles at 95˚C for 30 s, 62˚C (CRP1919) or 60˚C
(CRP2667, CRP3872, CRP5237) for 30 s, and 72˚C for 30 s. The
reaction was preceeded by a primary denaturation step at 95˚C for 1
min. A final extension was performed at 72˚C for 7 min.

Detection of SNPs by pyrosequencing. The four SNPs were detected
using Pyrosequencer PSQ 96 and the PSQ 96 SNP reagent kit
(Pyrosequencing AB, Uppsala, Sweden). Twenty-five microliters of
PCR product were used for pyrosequencing according to the
manufacturer’s instructions. Five picomoles of the sequencing primers
CRP1919 SEQ 5’-CCC ATACCTCAGATCAAA, CRP2667 SEQ 
5’-GGTGTTAATCTCATCTGG, CRP3872 SEQ 5’-GCCACATGGA
GAGAGAC, and CRP5237 SEQ 5’-CAGTTGCTTGCATCTTACTA
were applied to detect the SNPs. 

Statistics. After testing for normality using the Kolmogorov-Smirnov
test, values were given as mean (standard deviation [SD]) or median
(interquartile range [IQR]) where appropriate. 

The homozygous wild-type genotype (wt/wt) was compared to the
heterozygous (wt/mut), and homozygous mutant (mut/mut) genotypes.
Values regarding the linkage disequilibrium were expressed as
Lewontin’s D’ and associated p-values. The highest possible
Lewontin’s D’ value is 1, indicating maximum linkage between the
respective gene polymorphisms; a Lewontin’s D’ value of 0 indicates
no linkage. Chi-square tests were used to compare frequencies of CRP
genotypes between groups defined by clinical–pathological parameters
and results were given as p-values and odds ratio (95% confidence
interval, CI). Continuous variables were compared between groups
using Kruskal–Wallis non-parametric analysis of variance. Student’s
t-tests were used to compare mean CRP serum levels between groups
(wt/wt vs. wt/mut and mut/mut) for the four SNPs in order to detect a
modifying effect of the genetic variations on CRP expression. 

Median follow-up time was computed using the method of
Schemper and Smith (14). Overall cancer-related survival time was
defined as time from diagnosis to cancer-related death or progression
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Figure 1. Location of the investigated polymorphisms on the CRP gene on chromosome 1.



of disease. Observations on patients with no evidence of disease, with
stable disease, and on patients having died of non-cancer-related
events were censored with the last follow-up date or date of death.
Disease-free survival time was defined as time from diagnosis to
recurrence of disease. Observations on patients with no evidence of
disease and on patients who died without evidence of disease were
censored at the last follow-up date or date of death, respectively.
Disease-free and overall survival probabilities were calculated by the
product limit method of Kaplan and Meier and resulting survival
curves were compared using the log-rank test (15). In order to
evaluate independent predictors of disease-free and overall survival, a
multivariate Cox regression model was estimated comprising the
parameters FIGO stage (III-IV vs. II vs. IB vs. IA), lymph node
involvement (positive vs. negative), tumor grade (G3 vs. G2 vs. G1),
histopathological type (adenocarcinoma vs. squamous cell
carcinoma), patients’ age at diagnosis (per decade), and serum CRP
levels (16). The SNPs (CRP1919T>A, CRP2667G>C, CRP3872G>A,
and CRP5237A>G) were simultaneously included as independent
variables (wt/wt vs. wt/mut and mut/mut) in order to evaluate their
potential additive effects.

Association between haplotypes and cervical cancer survival was
assessed by Cox regression models. Haplotypes could not be
uniquely determined in all patients. Therefore, we used
SAS/Genetics software to compute, for each haplotype, its
probability of being present in a patient. The probability scores on
the haplotypes for each patient were then included in Cox regression
as independent continuous variables (17).

The proportional hazards assumption of the Cox regression model
was visually checked by plotting Schoenfeld residuals of each variable
against time and tested by evaluating the statistical significance of each
variable’s interaction with log time (18-19).

The SAS System (version 9.1, SAS Institute, Inc., Cary, NC, USA)
and the PASW software system (PASW 18.0, PASW, Inc., Chicago,
IL, USA) were used for statistical computations. Two-sided p-values
<0.05 were considered statistically significant. 

Results

Patients’ characteristics are provided in Table I. Genotype
frequencies were 46.9% (TT), 38.3% (TA), and 14.9% (AA)
for CRP1919T>A; 86.0% (CC), 12.9% (CG), and 1.1% (GG)
for CRP2667G>C; 42.3% (GG), 46.9% (GA), and 10.8%
(AA) for CRP3872G>A; 55.6% (AA), 38.2% (AG), and 6.2%
(GG) for CRP5237A>G; all genotype frequencies were in
Hardy-Weinberg equilibrium (p=0.06, p=0.3, p=0.6, and
p=0.9, respectively) and were similar to the genotype
frequencies reported in the National Cancer Institute SNP500
database within the study population. All four SNPs of the CRP
gene were in strong linkage disequilibrium (CRP1919T>A and
CRP2667G>C: Lewontin’s D’=0.82; p=0.028; CRP2667G>C
and CRP3872G>A: D’=0.93; p<0.0001; CRP3872G>A and
CRP5237A>G: D’=0.93; p<0.0001) within the study
population. 

Median serum CRP levels at the time of DNA sampling
were 0.5 (IQR=0.4-0.9) mg/dL. In our study population, the
presence of CRP5237A>G was associated with lower serum
CRP levels (p=0.04). None of the other investigated SNPs

were associated with alterations in serum CRP levels (p=0.5,
p=0.4, and p=0.5 for CRP1919T>A, CRP2667G>C, and
CRP3872G>A, respectively).

No significant associations between the four investigated
SNPs (CRP1919T>A, CRP2667G>C, CRP3872G>A, and
CRP5237A>G) and the clinicopathological parameters FIGO
stage (p=0.4, p=0.4, p=0.2, and p=0.7, respectively), lymph
node involvement (p=0.6, p=0.4, p=0.2, and p=0.2,
respectively), histological grade (p=0.8, p=0.3, p=0.6, and
p=0.7, respectively), patients’ age at diagnosis (p=0.7, p=0.9,
p=0.9, and p=0.5, respectively), and histopathological type
(p=0.9, p=0.9, p=0.6, and p=0.3, respectively) were ascertained. 

Regarding disease-free survival, an association with FIGO
stage, lymph node involvement, histological grade, and pre-
therapeutic serum CRP levels, but none of the four investigated
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Table I. Characteristics of 178 patients with cervical cancer.

Parameter N 

Mean age in years at first diagnosis 49.2 (SD=13.9)
Histopathological tumor type

Squamous cell carcinoma 148 (83.2%)
Adenocarcinoma 26 (14.6%)
Adenosquamous carcinoma 4 (2.2%)

FIGO tumor stage
IA1 11 (6.2%)
IA2 7 (3.9%)
IB1 55 (30.9%)
IB2 16 (9.0%)
IIA 7 (3.9%)
IIB 60 (33.7%)
IIIA 2 (1.1%)
IIIB 17 (9.6%)
IVA 1 (0.6%)
IVB 2 (1.1%)

Histological grade
G1 19 (10.7%)
G2 87 (48.9%)
G3 49 (27.5%)
Unknown 23 (12.9%)

Lymph node involvement
Negative 96 (53.9%)
Positive 59 (33.1%)
Not evaluated 23 (12.9%)

CRP level (mg/dL), median 0.5 (IQR=0.4-0.9)
Median time of follow-up in months 46 (IQR=18-80)
Recurrence status

Patients with recurrent disease 62 (34.8%)
Five-year cumulative probability 
of recurrence-free survival (95%CI) 57.7% (48.5-65.9)

Status at last observation
Alive with no evidence of disease, 
or stable disease 132 (74.2%)
Progressive disease 9 (5.1%)
Tumor-related death 35 (19.7%)
Dead as a result of other causes 2 (1.1%)
Five-year cumulative probability 
of survival (95% CI) 71.9% (62.4-79.4)



SNPs was associated in univariate analysis (Table II). In
multivariable analysis, only FIGO stage and serum CRP level
showed significant association with disease-free survival (Table
II). Regarding overall survival, an association with
CRP1919T>A, tumor stage, lymph node involvement,
histological grade, and serum CRP level were ascertained in
univariate analysis. Kaplan-Meier curves for overall survival
according to the CRP1919T>A polymorphism are provided in
Figure 2. In the multivariable Cox regression model,
CRP1919T>A, FIGO stage, lymph node involvement, patients’
age, and serum CRP level were found to be independently
associated with overall survival (Table II). No significant
violations of the proportional hazards assumption were
detected for any of the variables entering the multivariable Cox
regression model. The hazard ratios, confidence intervals and
p-values resulting from the multivariable Cox proportional
hazard models for disease-free and overall survival are shown
in Table II.

The combined effect of the four SNPs on disease-free and
overall cervical cancer survival was investigated by haplotype
analysis. No significant associations between haplotype
combinations and disease-free and overall survival were
observed (Table III). The hazard ratios and 95% confidence
intervals, estimated for each haplotype, referring to the reference
haplotype TGGA (wt-wt-wt-wt) are shown in Figure 3. 

Discussion

Based on the important role of chronic inflammation in
cervical cancer and on previously published promising data on
CRP polymorphisms in other gynecological malignancies, we
ascertained the prognostic effect of four common functional
polymorphisms within the CRP gene (10-12, 14). In this study,
we intended to explore the individual effects of variations in
the CRP gene and aimed at establishing a critical combination
of CRP haplotypes as independent prognostic variables. To our
knowledge, we are the first to report on the influence of CRP
gene polymorphisms in patients with cervical cancer.

In our study, presence of the SNP CRP5237A>G was
associated with lower serum CRP level. CRP5237A>G, located
distal to the 3’ untranslated region, has been previously
reported to be associated with decreased serum CRP levels (8,
12, 20). Nevertheless, the mechanism for this influence and the
functional significance remain unclear (20). For the other three
investigated SNPs, we did not detect any effect on serum CRP
levels. An association between the presence of these SNPs and
alterations of serum CRP levels was reported in healthy
women, and patients with non-malignant diseases (6, 8, 12,
20). The discordance of our findings with the previous reports
might be caused by the fact that only patients with cervical
cancer were included in our study and no healthy women.
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Table II. Univariate and multivariate survival analyses in 178 patients with cervical cancer.

Disease-free survival Overall survival

Univariate1,2 Multivariate3 Univariate1,2 Multivariate3

p-Value p-Value HR (95% CI) p-Value p-Value HR (95% CI)

CRP1919T>A
(TT and TA vs. AA) 0.3 0.6 1.2 (0.6-2.4) 0.01 0.02 3.6 (1.2-9.5)
CRP2667G>C
(GC and CC vs. GG) 0.8 0.4 0.7 (0.4-1.4) 0.9 0.2 0.5 (0.2-1.6)
CRP3872G>A
(GA and AA vs. GG) 0.4 0.3 0.7 (0.4-1.5) 0.8 0.8 1.1 (0.4-2.8)
CRP5237A>G
(AG and GG vs. AA) 0.3 0.4 0.8 (0.4-1.5) 0.2 0.9 0.9 (0.4-2.6)
Tumor stage
(FIGO III-IV vs. II vs. IB vs. IA) <0.0001 0.001 2.3 (1.4-3.6) <0.001 <0.001 3.4 (1.8-6.6)
Lymph node 
involvement
(positive vs. negative) 0.005 0.09 0.6 (0.3-1.1) 0.004 0.03 0.4 (0.1-0.9)
Histological grade
(G3 vs. G2 vs. G1) 0.005 0.9 1.1 (0.6-1.8) 0.01 0.7 1.1 (0.6-2.3)
Patients’ age
(per decade) 0.2 0.1 0.8 (0.6-1.1) 0.6 0.02 0.6 (0.4-0.9)
Histopathological type
(adenocarcinoma vs. squamous cell carcinoma) 0.4 0.6 1.2 (0.6-2.6) 0.8 0.9 1.0 (0.3-3.2)
Serum CPR levels <0.001 0.03 1.2 (1.1-1.4) <0.001 0.001 1.4 (1.2-1.8)

1Log rank test, 2univariate Cox-regression analysis, 3multivariate Cox-regression analysis; HR, hazard ratio.



Cancer patients are generally known to have increased serum
levels of CRP, reflecting a state of chronic, tumor-related
inflammation (5). This effect seems to be stronger than the
effect of the genetic variations of the CRP gene. Although the
literature shows that polymorphisms of the CRP gene,
especially when located in the promoter region, can influence
serum CRP levels, studies are not consistent as to this
association (6-9, 12-13).

With respect to patients’ prognosis, the presence of
CRP1919T>A, known to be associated with higher CRP
concentrations in healthy women, was independently associated
with impaired overall survival (6). Our findings are not
surprising as cervical cancer is considered to be a disease
linked to chronic inflammation, and variations in serum CRP

levels have been shown to be a powerful predictor of prognosis
for patients with cervical cancer (5). Variations in the CRP
gene might possibly influence the cancer-related host immune
defense or have an impact on CRP expression and related
mediation of inflammatory processes. Of note, the exact
mechanisms of the relationship between CRP polymorphisms,
serum CRP levels, and cancer prognosis still remain unclear. 

In accordance with previous data we found a correlation
between serum CRP levels and survival in patients with cervical
cancer (5). This seems biologically plausible, as it is evident that
a state of chronic inflammation plays a role in cervical
carcinogenesis and tumor biology. CRP is known to play an anti-
inflammatory role and an important part in host defense, actively
increasing phagocytosis and the release of inflammatory
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Figure 2. Kaplan-Meier curves accounting for CRP1919T>A and
overall survival in cervical cancer.

Figure 3. Hazard ratios and 95% confidence intervals for overall
survival associated with CRP gene polymorphism haplotypes.

Table III. Association between CRP haplotype frequencies and survival in 178 patients with cervical cancer.

Haplotype Disease-free survival Overall survival
frequency (%)

p-Value HR (95% CI) p-Value HR (95% CI)

TGGA† 18.7
AGGA 21.5 0.3 1.4 (0.8-3.1) 0.3 1.2 (0.6-2.7)
TCAA 4.4 0.7 1.2 (0.5-3.1) 0.8 0.8 (0.3-2.6)
TGAA 18.0 0.9 1.0 (0.5-2.3) 0.4 0.7 (0.4-1.5)
TGGG 16.0 0.9 1.0 (0.5-2.3) 0.6 0.8 (0.4-1.9)
others 21.4 0.7 1.3 (0.3-4.1) 0.6 1.4 (0.3-4.5)

HR, hazard ratio. †The haplotype combination TGGA served as a reference variable.



cytokines (1). Nevertheless, it remains unclear whether CRP only
reflects the general inflammatory processes caused by cancer or
is causally involved in the pathogenesis and progression of
cervical cancer as an active and independent component.

Of note, the limited number of patients that were included in
the analysis represents a shortcoming of our study. Our study
was intended to assess the association between CRP, tumor
biology, and prognosis in cervical cancer. Therefore, our results
do not rule out that the investigated polymorphisms may be
associated with the risk of developing cervical cancer, as we did
not include any healthy controls. The choice of certain
polymorphisms to be investigated as predictive or prognostic
marker in a certain disease is always difficult. A relatively large
number of CRP polymorphisms have been published in the
literature up to date (6-8). To investigate the influence of all of
these CRP polymorphisms on prognosis in a large data set would
definitely be of clinical value. However, for our analysis we
chose the four most promising CRP gene polymorphisms that
were previously reported to be associated with gynecological
cancer risk (8, 12). In a next step, we are planning to validate
our findings in a larger, independent set of patients.

In conclusion, presence of the CRP1919T>A polymorphism
was associated with impaired survival in patients with cervical
cancer. Presence of CRP5237A>G was associated with
decreased serum CRP levels.

Acknowledgements
The Authors acknowledge the contributions of Andrea Wolf, Ingrid
Schiebel and Eva Schuster in genotyping analysis for this study and
thank Dan Casire Castillo-Tong for selecting PCR and pyrosequencing
primer sequences. 

Conflict of interest statement
The Authors declare that they do not have any conflict of interest. 

References
1 Marnell L, Mold C and Du Clos TW: C-Reactive protein: ligands,

receptors and role in inflammation. Clin Immunol 117: 104-111,
2005

2 Hefler LA, Concin N, Hofstetter G, Marth C, Mustea A, Sehouli J,
Zeillinger R, Leipold H, Lass H, Grimm C, Tempfer CB and
Reinthaller A: Serum C-reactive protein as independent prognostic
variable in patients with ovarian cancer. Clin Cancer Res 14: 710-
714, 2008.

3 Schmid M, Schneitter A, Hinterberger S, Seeber J, Reinthaller A
and Hefler L: Association of elevated C-reactive protein levels with
an impaired prognosis in patients with surgically treated
endometrial cancer. Obstet Gynecol 110: 1231-1236, 2007.

5 Polterauer S, Grimm C, Tempfer C, Sliutz G, Speiser P, Reinthaller
A and Hefler LA: C-Reactive protein is a prognostic parameter in
patients with cervical cancer. Gynecol Oncol 107: 114-117, 2007.

6 Lee CC, You NC, Song Y, Hsu YH, Manson J, Nathan L, Tinker L
and Liu S: Relation of genetic variation in the gene coding for C-
reactive protein with its plasma protein concentrations: findings

from the Women’s Health Initiative Observational Cohort. Clin
Chem 55: 351-360, 2009.

7 Carlson CS, Aldred SF, Lee PK, Tracy RP, Schwartz SM, Rieder
M, Liu K, Williams OD, Iribarren C, Lewis EC, Fornage M,
Boerwinkle E, Gross M, Jaquish C, Nickerson DA, Myers RM,
Siscovick DS and Reiner AP: Polymorphisms within the C-reactive
protein (CRP) promoter region are associated with plasma CRP
levels. Am J Hum Genet 77: 64-77, 2005.

8 Lange LA, Carlson CS, Hindorff LA, Lange EM, Walston J, Durda
JP, Cushman M, Bis JC, Zeng D, Lin D, Kuller LH, Nickerson DA,
Psaty BM, Tracy RP and Reiner AP: Association of
polymorphisms in the CRP gene with circulating C-reactive protein
levels and cardiovascular events. JAMA 296: 2703-2711, 2006.

9 Allin KH, Nordestgaard BG, Zacho J, Tybjaerg-Hansen A and
Bojesen SE: C-Reactive protein and the risk of cancer: a Mendelian
randomization study. J Natl Cancer Ins. 102: 202-206, 2010.

10 Motoyama S, Miura M, Hinai Y, Maruyama K, Usami S, Saito H,
Minamiya Y, Satoh S, Murata K, Suzuki T and Ogawa J: CRP
genetic polymorphism is associated with lymph node metastasis in
thoracic esophageal squamous cell cancer. Ann Surg Oncol 16:
2479-2485, 2009.

11 Minamiya Y, Miura M, Hinai Y, Saito H, Ito M, Imai K, Ono T,
Motoyama S and Ogawa J: The CRP 1846T/T genotype is
associated with a poor prognosis in patients with non-small cell
lung cancer. Tumour Biol 31: 673-679, 2010.

12 Crawford DC, Sanders CL, Qin X, Smith JD, Shephard C, Wong
M, Witrak L, Rieder MJ and Nickerson DA: Genetic variation is
associated with C-reactive protein levels in the Third National
Health and Nutrition Examination Survey. Circulation 114: 2458-
2465, 2006.

13 Siemes C, Visser LE, Coebergh JW, Splinter TA, Witteman JC,
Uitterlinden AG, Hofman A, Pols HA and Stricker BH: C-Reactive
protein levels, variation in the C-reactive protein gene, and cancer
risk: the Rotterdam Study. J Clin Oncol 24: 5216-5222, 2006.

14 Slattery ML, Curtin K, Poole EM, Duggan DJ, Samowitz WS,
Peters U, Caan BJ, Potter JD and Ulrich CM: Genetic variation in
C-reactive protein (CRP) in relation to colon and rectal cancer risk
and survival. Int J Cancer 128: 2726-2733, 2011.

15 Schemper M and Smith TL: A note on quantifying follow-up in
studies of failure time. Control Clin Trials 17: 343-346, 1996.

16 Kaplan EL and Meier P: Non-parametric estimation from
incomplete observations. J Am Stat Assoc 53: 457-481, 1958.

17 Cox DR: Regression models and life-tables (with discussion). J
Royal Stat Soc, Ser B 34: 187-220, 1972.

18 Zaykin D, Westfall P, Young SS, Karnoub MA, Wagner MJ and
Ehm MG: Testing association of statistically inferred haplotypes
with discrete and continuous traits in samples of unrelated
individuals. Human Heredity 53: 79-91, 2002. 

19 Grambsch PM and Therneau TM: Proportional hazards tests and
diagnostics based on weighted residuals. Biometrika 81: 515-526,
1994.

20 Crawford DC, Sanders CL, Qin X, Smith JD, Shephard C, Wong
M, Witrak L, Rieder MJ and Nickerson DA: Genetic variation is
associated with C-reactive protein levels in the Third National
Health and Nutrition Examination Survey. Circulation 114: 2458-
2465, 2006.

Received May 11, 2011
Revised May 21, 2011

Accepted May 24, 2011

ANTICANCER RESEARCH 31: 2259-2264 (2011)

2264


