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ABSTRACT OF THE THESIS 

 

Associations of Inflammation-pathway Single Nucleotide Polymorphisms and High Fructose 

Corn Syrup Intake with Prostate Cancer Susceptibility and Survival 

 

By 

Fayth Miles 

Master of Science in Epidemiology 

University of California, Los Angeles, 2013 

Professor Zuo-Feng Zhang, Chair  

 
Background: The development and progression of prostate cancer may be influenced by 

systemic inflammation. Environmental influences, such as dietary factors and genetic 

polymorphisms mediate chronic inflammation. Particularly, high fructose corn syrup, which is 

associated with elevation of uric acid and metabolic syndrome, and single nucleotide 

polymorphisms in immune response and inflammatory pathways may promote prostate cancer 

by promoting systemic inflammation.  

Methods: The current analysis utilized a hospital-based case-control study of 241 prostate 

cancer patients and 155 controls recruited from 1994 to 1997 at the Memorial Sloan Kettering 

Cancer Center. Using genotyping results of CRP rs1205 and 1800947, FGFR2 rs1219648 and 

rs2981582, and IFNGR1 rs11914, the associations of high fructose corn syrup and 

inflammation-related polymorphisms with prostate cancer susceptibility and overall survival were 

analyzed. Adjusted odds ratios and 95% confidence intervals were calculated using 

unconditional logistic regression models.  The Cox proportional hazards model was used to 

generate estimates of survival among prostate cancer patients. 

ii



Results:  No polymorphisms were found associated with prostate cancer susceptibility. 

However, the CRP rs1205 CT genotype was associated with poorer prognosis among prostate 

cancer patients with a primary diagnosis (HR: 2.99; 95% CI: 1.06-8.44). FGFR2 rs1219648 and 

rs2981582 polymorphisms were associated with more favorable survival (HR: 0.07; 95% CI: 

0.01-0.43 and HR: 0.04, 95%CI:0.01-0.28), with the latter more pronounced in nonsmokers. 

High fructose corn syrup was not associated with prostate cancer susceptibility, but correlated 

with reduced survival among smokers when considering all patients with a prostate cancer 

diagnosis (HR: 2.31, 95% CI:1.12 - 4.76). No interaction was observed between high fructose 

intake and inflammation-related SNPs.  

Conclusion: The results of this study highlight potential inflammation-related polymorphisms 

associated with poorer prognosis of prostate cancer, and provide a basis for which to confirm 

and identify inflammation-related polymorphisms in larger studies of prostate cancer risk and 

progression. 
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SECTION 1: INTRODUCTION 

 
1.1 Background 

 
Prostate cancer is the most commonly diagnosed cancer in American men, and is the 

second leading cause of cancer death. In 2012, there were approximately 241,740 cases and 

28,170 deaths, and it is estimated that in 2013 there will be 238,590 cases and 29,720 deaths 

[1, 2]. While the five-year survival for men diagnosed with local and regional disease is 99-

100%, it is only 28% for individuals with distant metastases. Prostate cancer progression is 

influenced by the interactions between tumor cells and stromal cells, including fibroblasts, 

vascular cells, neural elements and inflammatory cells. Signals from stromal cells function to 

promote an invasive phenotype enhancing production and activation of matrix proteins and 

cytokines, stimulating angiogenesis, and promoting epithelial proliferation [3-6]. 

It is clear that inflammation plays a role in prostate carcinogenesis and progression, 

although this association is somewhat complex and not fully understood [7]. In the normal 

prostate, pro-inflammatory signals  initiated by various environmental stimuli in combination with 

genetic factors cause infiltration of macrophages, lymphocytes and neutrophils,  which secrete a 

host of pro-inflammatory cytokines mediating generation of reactive oxygen species, DNA 

damage and cell death, as well as epithelial regeneration, repression of tumor suppressors, and 

induction of stress response genes. These alterations lead to silencing of stress response 

genes such as GSTP1, and consequently prostatic intraepithelial neoplasia (PIN) lesions 

(Figure 1).   
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Figure 1. An inflammatory response is associated with prostate cancer development and progression.  Genetic and 
environmental stimuli trigger an inflammatory response characterized by recruitment of macrophages, lymphocytes, and 
neutrophils, and subsequent release of pro-inflammatory signals. These cytokines and inflammatory mediators promote 
DNA damage, repression of tumor suppressors and induction of stress-response genes, and ultimately lead to increased 
cell proliferation and prostate cancer initiation. Initiated prostate cancer cells secrete additional cytokines and growth 
factors that promote prostate cancer progression and metastasis. 

After transformation, the tumor microenvironment is also characterized by a heightened 

inflammatory response.   Transformed cells send out chemoattractant signals, further increasing 

secretion of growth factors and inflammatory cytokines such as interleukin (IL), tumor necrosis 

factor-alpha (TNF-α), transforming growth factor-beta (TGF-β), among others  that promote 

tumor growth. Bypassing of cell cycle checkpoints promotes high grade PIN, and eventually 
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proliferation of genetically unstable cells promotes an invasive phenotype. The end result is 

castration resistance, angiogenesis, and metastasis [8] (Figure 1).   

Single nucleotide polymorphisms (SNPs) in inflammation-associated genes could 

potentially enhance or repress expression increasing susceptibility to cancer through 

modifications in the cancer-mediated inflammatory response. SNPs in several highly relevant 

inflammatory-related genes (coding for cytokines and enzymatic mediators) have been shown 

previously to be associated with increased prostate cancer risk (Table 1). The interleukin family 

of pro- and anti- inflammatory cytokines is highly correlated with cancer, and several 

polymorphisms identified within these genes are associated with prostate carcinogenesis [9].  

The IL-6 -6331 C allele and IL6ST rs11574783 are associated with increased susceptibility to 

prostate cancer [10, 11].  Similarly, IL1B +3954TT and IL-10 -1082 GA (rs1800896) are 

correlated with development of prostate cancer [9, 12].   Cox-2, which is responsible for the 

conversion of arachidonic acid to prostaglandins, lipid compounds mediating cell proliferation 

and inflammation, is also strongly implicated in prostate cancer.   Cox-2 rs3918304 and rs20415 

were found to be associated with increased risk of prostate cancer in South African men [13, 

14].  Conclusions from other studies examining the role of Cox-2 polymorphisms in prostate 

cancer have been limited, most likely a consequence of inherent difficulty in genotyping.   

Polymorphisms in other inflammatory mediators, such as RNASEL, toll-like receptor-4 (TLR-4), 

prostaglandin synthase-2 (PTSG2) , TNF-A, and microseminoprotein-beta (MSMB)  have been 

identified [10, 15-18]. Interestingly, RNASEL polymorphism rs12757998, which is associated 

with increased circulating C-reactive protein and IL-6, was found to be associated with 

decreased biochemical recurrence after radiation therapy, and decreased risk of death. There 

have been limited reports of other SNPs associated with prostate cancer prognosis.  The role of 

additional polymorphisms in inflammation-related genes in prostate cancer susceptibility and, 

particularly, prognosis remains to be discovered.   
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Table 1. Summary of SNPs associated with genes encoding inflammatory cytokines and 
proteins in prostate cancer. 
 

Gene            Variant allele OR/HR Outcome Reference

TLR-4 Asp299Gly 4.4 (1.57 – 13.26) risk Priyadarshini, 2013

RNAse L rs127579998 0.6 (0.40 – 0.89) biochemical
recurrence

Schoenfeld, 2013

IL6 -6331 T>C 1.29 (1.08 – 1.54) risk Tindall, 2012

IL6ST rs11574783 .08 (0.01 – 0.63) risk Kwon, 2011

PTGS2 rs2206593 1.69 (1.14 -2.5) risk Kwon, 2011

IL4 rs2243250 1.32  (1.08 – 1.61) risk Tindall, 2010

IL10 -1082GG 2.31 (1.13 – 4.72) risk Zobaleta, 2009

IL1B +3954TT 3.11 (1.20 – 8.06) risk Zobaleta, 2009

MSMB rs10993994 1.2 (1.11 – 1.30) risk Lou, 2009

TNFA rs1800629 1.61 (1.09 – 2.64) * risk Saenz-Lopez, 2008

Cox2 rs3918304 3.53 (2.14 – 5.9) risk Fernandez, 2008

Cox2 rs20415 3.01 (2.12 – 5.92) risk Fernandez, 2008

 
 
*Odds ratio is representative of heterozygous and homozygous genotypes 
 

 

 

 

 

 

 

 

 

 

 

Environmental influences such as infection, dietary factors, cigarette/tobacco smoke, 

among others fuel inflammation, and chronic inflammation, in turn, fuels cancer (Figure 2). 

Particularly, there is increasing evidence for the role of diet in inflammation.  Epidemiological 



5 
 

 

Figure 2. Pro‐inflammatory environmental exposures predispose to cancer. Conditions associated 
with chronic inflammation predispose to cancer through various mechanisms. Infections, various 
dietary factors, and cigarette smoke may generate increases in heterocyclic amines, arachidonic 
acid, endotoxins, and alterations in uric acid concentration. As a result, pro‐inflammatory cytokines 
are released, promoting cancer. 
 

studies have shown associations between anti-inflammatory compounds, such as those found 

in soy and green tea, and decreased cancer risk [19-21]. However, several foods have been 

found to be associated with inflammation.  Meats cooked at high temperatures generate 

heterocyclic amines (HCA), which are correlated with cancer.  HCA present in well-done and 

charred meats was shown to induce mutations in all lobes of the prostate, and accumulation of 

mast cells and macrophages in the ventral prostate [22].  Red and processed meat and dairy 

also contain endotoxins, which trigger release of pro-inflammatory  cytokines such as tumor 

necrosis factor-α and interleukin-1 [23, 24].  Dairy products and polyunsaturated omega-6 fatty 

acid are associated with arachidonic acid increases.  Perhaps one of the most consequential 

mediators of inflammation is fructose, a major trigger of metabolic syndrome.  High fructose 
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intake is associated with generation of uric acid, a major mediator of chronic inflammation [25, 

26].  In addition to uric acid, an intake of 200 grams of fructose/day markedly increases 

triglycerides, HDL cholesterol, blood pressure, and insulin resistance [27]. A study using data 

from NHANES  demonstrated that increased fructose consumption in the form of 2.5 sugary soft 

drinks a day increased the odds of elevated blood pressure in individuals without a history of 

hypertension. It led to a 26%, 30%, and 77% increased risk for blood pressures of >135/85, > 

140/90, and > 160/100 respectively [28].  However, a low fructose diet has been shown to 

reduce blood pressure and serum uric acid, and decrease high sensitivity c-reactive protein and 

sICAM (markers of inflammation) in individuals with chronic kidney disease [29]. A potential 

mechanism for the fructose-induced inflammatory response is depicted in Figure 3.  

 Other risk factors have been found to be associated with prostate cancer development 

and mortality.  African-Americans have 1.6 times the risk of prostate cancer compared to White 

males, and 2.4 times the risk of prostate cancer death [30].  As with most cancers, age is 

strongly correlated with prostate cancer.  Risk increases linearly with age, and is most common 

in men over 65. Additionally, prostate cancer risk is doubled or tripled by having a first-degree 

relative with prostate cancer, particularly at a young age (although this may be very difficult to 

ascertain). While smoking has not been reported to be directly associated with prostate cancer 

risk, it may enhance disease progression by contributing to systemic inflammation, as 

described, consequently reducing survival. Lastly, studies have shown that body mass index 

(BMI) may be positively associated with prostate cancer.  A meta-analysis demonstrated that a 

5 kg/m2 increase in BMI was associated with a 15% increased risk of prostate cancer death in 

cancer-free men (RR:1.15; 95% CI:1.06-1.25), as well as increased prostate cancer-specific 

mortality (RR:1.20, 95% CI:0.99-1.46), and biochemical recurrence (RR:1.21, 95% CI:1.11-1.31) 

[31]. However, the relationship between BMI and prostate cancer is somewhat complex, as 

obesity may lower levels of prostate specific antigen (PSA), thereby preventing prostate cancer 

detection [32]. 
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Figure 3. Fructose mediates inflammation through elevation of uric acid.  In the liver, fructose‐1‐
phosphate is metabolized, generating glucose and triglycerides.  Phosphorylation of fructose decreases 
intracellular phosphate leading to ATP depletion and generation of AMP, followed by IMP, and 
consequently, uric acid.  Uric acid binds sodium and serum factors to form monosodium urate crystals, 
which enter hematopoietic cell. Uric acid activates the inflammasome complex leading to conversion of 
proIL1B into its secreted active form.  IL‐1B binds its receptor on neutrophils and parenchymal cells, 
eliciting an inflammatory response, and leading to systemic inflammation. (Modified from Johnson, 
Science in Renal Medicine, 2010, and Shi, JCI 2010)  
 

  

1.2 Research Objectives and Specific Aims 

It is clear that combined effects and possible interactions of environmental and genetic 

factors are responsible for prostate cancer initiation and progression.  It is conceivable that 

foods associated with an elevated inflammatory response increase prostate cancer risk, and 

lead to reduced survival or poorer prognosis. Further, it is reasonable that SNPs in major 

inflammation pathway genes, are associated with both increased prostate cancer risk and 
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poorer overall survival. Hence, I sought to examine the relative contributions of such pro-

inflammatory factors on prostate cancer susceptibility and survival.  

 
Specific Aim 1:  Analyze the effect of high corn syrup fructose intake on prostate cancer 

susceptibility and survival. 

Hypothesis: High fructose corn syrup intake is associated with prostate cancer development and 

decreased overall survival among prostate cancer patients. 

 

Specific Aim 2: Analyze the effect of genetic polymorphisms in genes associated with the 

inflammation pathway on prostate cancer susceptibility and overall survival. 

Hypothesis: Single nucleotide polymorphisms in genes functioning in inflammation pathways are 

associated with prostate cancer development and decreased survival among prostate cancer 

patients 

 

Specific Aim 3: Determine if there is effect measure modification by smoking or high-fructose 

corn syrup on prostate cancer susceptibility and survival.  

Hypothesis: The associations of inflammation-related SNPs with prostate cancer development 

and survival of prostate cancer are most pronounced among both smokers and high consumers 

of fructose corn syrup. 

 
SECTION 2: METHODOLOGY 

 
2.1 Study Population 
 

The Memorial Sloan Kettering Cancer Center (MSKCC) Study was a hospital-based 

study conducted from 1994 – 1997. Two hundred and forty-one cases were pathologically 

confirmed prostate cancer patients, newly diagnosed or undergoing prostatectomy. One 

hundred and sixty-four patients were newly diagnosed, and 77 cases (bladder cancer) were 

diagnosed with prostate cancer as a second malignancy.  Eligibility of cases was confirmed by 
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review of medical records and pathology reports.  One hundred and fifty-five controls were 

blood donors recruited from the MSKCC blood bank in stable medical condition who had 

resided in the US for at least one year.   

All subjects were interviewed through standardized questionnaires administered by 

trained nurses. Data was collected on demographic characteristics, family history of cancer, 

medical history, extensive dietary history, smoking and alcohol drinking, occupational and 

environmental exposures, and more.  DNA was extracted from tissues and blood samples using 

a modified phenol-chloroform method. Eighty-three percent of prostate cancer cases (199) 

including patients with concurrent bladder cancer and 78% of controls (121) provided blood 

samples after interviews for genotyping. Patients were followed for overall survival. The social 

security death index (SSDI) system was employed as a follow-up method for patient survival 

status and related dates. The SSDI is generated from the public Death Master File of the U.S. 

Social Security Administration and provides death records of qualified social security recipients. 

The SSDI is accessible through several commercial providers; we used the Social Security 

Death Index Interactive Search. A death record contains information of a decedent’s first and 

last name, social security number (SSN), last benefit, birth date, death date, last residence, and 

state issued. We first used the nine-digit SSN with information of name and birth date to retrieve 

the participant’s record. If a record was unavailable, we used the first three or last four digits of 

the participant’s SSN, birth date, and first/last name. These records were last retrieved on May 

12, 2012. Follow-up time was calculated as the date of cystectomy to death date or May 12, 

2012. Participants whose death records could not be acquired from the SSDI (n=73) were 

treated as alive (right-censored) on May 12, 2012. Among 241 prostate cancer patients with 

available follow-up data, 79 (32.7%) passed away before the date of May 12, 2012. The median 

follow-up time was 17.5 years. 
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2.2 Laboratory Analysis 
 

In this study we analyzed SNPs that had a minor allele frequency > 5% in Caucasian 

populations in the National Center for Biotechnology Information SNP database, were functional 

or potentially functional (SNPs located in the coding, 3’-, and 5’-untranslated regions, near gene 

regions, and not in linkage disequilibrium (r2 < 0.8). SNPs were genotyped using ABI (Applied 

Biosystems, Foster City, CA) TaqMan assay. Briefly, PCR was performed using fluorescently 

labeled sequence specific primers. The denaturation process was performed at 92C followed by 

an annealing phase of 60 cycles at 92C for 15 seconds, and extension at 62C for 80 seconds. 

The genotyping call rate was > 95%.  SNPs that violated Hardy Weinberg equilibrium were 

excluded. The final group of SNPs used in the study included C-reactive protein (CRP) rs1205 

and 1800947, fibroblast growth factor receptor-2 (FGFR2) rs1219648 and rs2981582, and 

interferon gamma receptor-1 (IFNGR1) rs11914. 

 
2.3 Statistical Analysis 
 

Unconditional logistic regression was used to generate an odds ratio (OR) and 95% 

confidence interval (CI) for the association between individual SNPs or high fructose corn syrup 

intake and prostate cancer development.  Each association was assessed in the entire study 

group as well as within strata of smoking.  Covariates included in the logistic regression model 

were race (White versus non-White), smoking (pack-years), age (continuous) and body mass 

index (continuous).  Where indicated, patients diagnosed with prostate cancer as a secondary 

cancer were excluded from analysis.   

In survival analysis, the Cox proportional hazards model was used to generate adjusted 

hazards ratios (HRs) and 95% CIs to determine the effect of genotype and high fructose corn 

syrup intake on overall survival. Survival was defined as the difference in years between study 

entry (start date) and the last follow-up date, or date of death.  Covariates included in the 

proportional hazards model were race (White versus non-White), pack years of smoking, age 
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(continuous), BMI (continuous), and stage, based on TNM staging criteria.  Analyses were 

performed on the entire study group as well as within smoking strata. For risk estimates 

generated utilizing the Cox proportional hazards model, analyses of cases included patients 

with prostate cancer as a secondary diagnosis where indicated to increase study power.  

  High fructose corn syrup intake was assessed using “junk” foods notoriously high in 

refined or processed (corn and other) sugar. Hence, the term includes fructose corn syrup, as 

well as refined and processed (table) sugar.  Subject responses of frequency and serving size 

were used to obtain a composite value of grams per day, which was based on standard nutrition 

labels. Total fructose corn syrup intake was assessed by combining grams of sugar for all 

sugary food items to obtain a summary measure of sugar grams per day for sugar sweetened-

beverages, cookies, pies, donuts, ice-cream, and chocolate/candy.  Total sugar consumption 

less than or equal to 40 grams/day (0-40 g/day) in these food items was defined as low fructose, 

and sugar consumption over 40 grams/day (41-300 g/day) was defined as high fructose. 

For each SNP, four alternative tests, a  2-degree of freedom (df) genotype test, as well 

as three 1-df tests defined by log-additive, dominant, and recessive genetic models) were 

performed. The log-additive model provides better power than the 2-df genotype test. In the 

dominant model, the risk associated with the variant allele, including homozygous recessive and 

heterozygous genotypes was compared to the homozygous dominant/ancestral genotype.  In 

the recessive model, the risk associated with presence of two variant alleles (homozygous 

recessive genotype) was compared to the homozygous dominant and heterozygous genotype.   

Student’s t tests and chi-square goodness of fit tests were performed to calculate P 

values for continuous and categorical variables, respectively. 
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SECTION 3: RESULTS 

3.1 Characteristics of Study Subjects 

Characteristics of the MSKCC study population are presented in Table 2.  Overall, 

controls were notably younger than cases (p-value < 0.0001). Controls averaged 15.8 years of 

education, and cases averaged 14.9 (p-value <0.0001). There was also a profound difference in 

smoking, as controls averaged 9.1 pack years, and cases, 28.5 pack years, although 

multivariate analysis for the effect of smoking on prostate cancer susceptibility showed no 

correlation (OR: 1.00, 95% CI: 0.91-1.11; data not shown). Differences were also observed in 

distribution of fructose corn syrup intake (Table 3), as controls had a considerably higher 

fructose intake than cases (49.9 vs. 37.9, p<0.0001), particularly reflected in sugar-sweetened 

beverages (40.0 g/day vs. 29.7g/day; p<0.0001). Likewise, the proportion of cases consuming 

over 40 grams of fructose corn syrup was notably less than controls (27.8% vs. 39.4%, p<0.06).  
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Table 2. Baseline characteristics of prostate cancer patients (n=241) and controls (n=155) in the 
MSKCC study* 

Characteristic Control   (N=155) Cases (N= 241) P-value

Age (y) mean (95% CI) 42.4(40.2-44.7-58.9) 63.6 (62.5-64.6) <0.0001

    Missing 34 (21.9) 31 (12.9) 

Ethnicity, No. (%) 

    White 150 (96.8) 203 (84.2) 0.009

    Other 4 (2.6) 21 (8.7) 

    Missing 1 (0.7) 17 (7.1) 

Education, mean (95% CI) 15.8 (15.4-16.2) 14.9 (14.4-15-4) <0.0001

    Missing 3 (1.9) 39 (16.2) 

Ever used alcohol, No. (%) 

    Yes 124 (80.0) 198 (82.2) <0.04

    No 29 (18.7) 25 (10.4) 

    Missing 2 (1.3) 18 (7.5) 

Smoking 

    Yes 63 (41.7) 158(65.6) 

    No 89 (57.4) 68 (28.2) <0.0001

    Missing 3 (1.9) 15 (6.2) 

Packyears, mean (95%CI) 9.1 (6.1-12.2) 28.54 (23.78 - 33.31) <0.0001

    Missing 11 (7.0) 27 (11.2) 

BMI (Kg/m2), No. (%) 26.3 (26.7-26.9) 26.8 (26.3-27.3) 0.3

   Missing 5 (3.2) 44 (18.3) 

Family history, No. (%) 

    Yes 102 (65.8) 148 (61.4) 0.95

    No 51 (32.9) 73 (33.3) 

    Missing 2 (1.3) 20 (8.3) 

DNA 

    Yes 199 (82.6)) 121 (78.1) 0.3

    No 42 (17.4) 34 (21.9) 

Primary diagnosis 155 164 (68.0) 

Secondary diagnosis  77 (32.0)    

*Due to rounding, percentages may not sum to 100. 
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Table 3. Estimated high fructose corn syrup intake in grams for prostate cancer patients and 
controls in the MSKCC study* 

 

3.2 High Fructose Corn Syrup, Inflammation-related SNPs and Cancer Development 

Odds ratios for prostate cancer as a primary (top) and primary and secondary (bottom) 

cancer according to fructose corn syrup intake are shown in Table 4, stratified by smoking.  

When considering all patients with any prostate cancer diagnosis, as well as those with a 

primary diagnosis (bottom) there was no significant difference in risk associated with consuming 

high levels of fructose corn syrup. However, in general, risk was higher among smokers (OR: 

1.67, 95% CI:0.58-4.85) and (OR: 1.29, 95% CI:0.42-3.94).  

The association between prostate cancer susceptibility (as a primary malignancy) and 

six inflammation-related SNPs was analyzed (Table 5). No significant associations were 

detected. There was a trend towards increased risk associated with rs1205 and rs1800947, and 

decreased risk associated with rs1219648 and rs2981582 in smokers relative to nonsmokers, 

but this was never significant. To determine if high fructose intake modified the effect of these 

polymorphisms on prostate cancer susceptibility and survival, the interaction between high 

 
Variable Control  Cases P-value 

Daily high fructose corn syrup intake 

total grams, mean (95% CI) 49.9 (40.9-58.9) 37.9 (32.8 – 43.1) <.0001

  sugar from sweetened beverages 40.0 (28.6-51.4) 29.7 (33.9-35.5) <.0001

  sugar from tea/cereal 11.7 (8.4-15.0) 11.0 (8.4-13.6) 0.16

  sugar from ice cream 6.7 (5.1-8.2) 7.9 (6.2-9.6) 0.3

  sugar from donuts 5.0 (4.2-5.8) 4.4 (3.6-5.2) 0.3

  sugar from chocolate 8.3 (6.4-10.3) 7.2 (5.3-9.1) 0.8

  sugar from pies 4.9 (3.5-6.2) 5.4 (3.9-6.9) <0.02

Fructose Corn Syrup, No. (%) 

    Low (<40 grams/day) 63 (40.7) 107 (44.4) 0.06

    High (>40 grams/day) 61 (39.4) 67 (27.8) 

    Missing     31 (20.0)   67 (27.8)      

*Due to rounding, percentages may not sum to 100. 
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fructose intake and relevant inflammation polymorphisms was analyzed in all prostate cancer 

patients, but no significant associations were detected (Table 6). 
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Table 4. Odds ratio for prostate cancer according to fructose corn syrup intake level 

All Prostate Cancer Patients                 

Smokers Nonsmokers All 

Fructose intake Cases Controls aOR (95% CI)* Cases
    

Controls aOR (95% CI)* Cases  Controls aOR (95% CI)* 

  Low (< 40 g/day) 64 25 1.0 37 32 1.0 101 57 1.0 

  High (>40 g/day) 45 18 1.67 (0.58-4.85) 16 39 0.63 (0.21-1.91) 61 57 1.06 (0.50-2.25) 

Patients with Prostate as Primary Cancer 

Smokers Nonsmokers All 

Fructose intake Cases Controls aOR* Cases  Controls aOR* Cases  Controls aOR* 

   Low (< 40 g/day) 49 25 1.0 35 32 1.0 84 57 1.0 

   High (> 40 g/day 27 18 1.29 (0.42-3.94)  12 39 0.58 (0.19-1.78)  39 57 0.88 (0.40-1.93) 
*Odds ratios were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, and body mass index 
(continuous) 
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Table 5. Odds ratios for prostate cancer according to inflammation-related SNP profiles stratified by smoking status 
    Smokers   Nonsmokers   All 

Gene/SNP Genotype Cases Controls aOR (95% CI)* 
 

Cases Controls aOR (95% CI)* 
 

Cases Controls aOR (95% CI)* 
CRP 

rs1205 CC 28 17 1.0 21 28 1.0 49 45 1.0 
CT 32 17 0.89 (0.29-2.74) 20 33 0.66 (0.19-2.31) 52 50 0.91 (0.42-1.97) 
TT 9 5 1.31 (0.26-6.54) 2 9 0.09 (0.01-1.12) 11 14 0.79 (0.24-2.59) 

additive  1.08 (0.51-2.28) 0.44 (0.16-1.19) 0.89 (0.52-1.54 
recessive TT/CT+CC 1.4 (0.32-6.14) 0.12 (0.01-1.27) 0.83 (0.27-2.53) 
dominant TT+CT/CC 0.97 (0.34-2.83) 0.52 (0.16-1.73) 0.88 (0.42-1.84) 

rs1800947 GG 61 38 1.0 40 62 1.0 101 100 1.0 
GC 9 2 2.45 (0.41-14.62) 3 8 0.35 (0.05-2.52) 12 10 1.02 (0.30-3.40) 
CC 1 0 0 1 1 0 2 1 0 

additive 2.88 (0.57-14.64) 0.61 (0.14-2.74) 1.33 (0.47-3.77) 
recessive CC/GC+GG 0 
dominant CC+GC/GG 2.94 (0.51-16.85) 0.44 (0.07-2.77) 1.20 (0.37-3.84) 

FGFR2 
rs1219648 AA 30 13 1.0 14 23 1.0 44 36 1.0 

AG 33 21 0.64 (0.21-1.92) 20 38 0.86 (0.71-1.05) 53 59 0.71 (0.31-1.62)) 
GG 6 6 0.59 (0.12-3.0) 11 12 1.77 (0.36-8.7) 17 18 1.03 (0.33-3.20) 

additive  0.73 (0.34-1.56) 1.28 (0.58-2.81) 0.95 (0.55-1.63) 
recessive GG/AG+AA 0.76 (0.17-3.38) 1.91 (0.48-7.60) 1.27 (0.46-3.50) 
dominant GG+AG/AA 0.63 (0.22-1.80) 1.09 (0.33-3.62) 0.78 (0.35-1.70) 

rs2981582 CC 29 13 1.0 13 21 1.0 42 34 1.0 
CT 35 21 0.68 (0.22-2.04) 17 39 0.76 (0.20-2.86) 52 60 0.70 (0.30-1.62) 
TT 6 5 0.54 (0.10-2.89) 14 13 2.04 (0.44-9.55) 20 18 1.15 (0.38-3.54) 

additive 0.72 (0.33-1.56) 1.39 (0.65-2.99) 1.00 (0.58-1.71) 
recessive TT/TC+CC 0.68 (0.14-3.17) 2.41 (0.64-9.02) 1.43 (0.53-3.89) 
dominant TT+TC/CC     0.65 (0.22-1.88)       1.08 (0.32-3.69)       0.79 (0.36-1.76) 

*Odds ratios were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, and body mass index (continuous) 
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Table 5, cont. Odds ratios for prostate cancer according to inflammation-related SNP profiles stratified by smoking status 
    Smokers   Nonsmokers   All 

Gene/SNP Genotype Cases Controls aOR (95% CI)* 
 

Cases Controls aOR (95% CI)* 
 

Cases Controls aOR (95% CI)* 
IFNGR1 
rs11914 TT 52 29 1.0 29 53 1.0 81 82 1.0 

TG 18 10 1.11 (0.37-3.35) 14 20 1.47 (0.42-5.17) 32 30 1.19 (0.52-2.69) 
GG 1 0 0 1 0 0 2 0 0 

additive  1.21 (0.42-3.44) 1.63 (0.50-5.28) 1.34 (0.63-2.88) 
recessive GG/GT+TT 0 0 0 
dominant TT+GT/TT 1.16 (0.39-3.48) 1.57 (0.46-5.42) 1.27 (0.58-2.85) 

IL-10 
rs1800871 CC 39 23 1.0 24 45 1.0 63 68 1.0 

CT 25 15 0.59 (0.20-1.75) 15 24 0.51 (0.15-1.73) 40 39 0.53 (0.24-1.19) 
TT 5 2 1.54 (0.13-18.28) 6 4 0.84 (0.10-6.76) 11 6 1.25 (0.26-6.02) 

additive  0.81 (0.34-1.94) 0.73 (0.30-1.74) 0.78 (0.43-1.44) 
recessive TT/TC+CC 1.85 (0.16-20.86) 1.11 (0.15-8.17) 1.59 (0.35-7.29) 
dominant TT+TC/CC     0.66 (0.98-1.03)       0.56 (0.18-1.78)       0.61 (0.28-1.31) 

*Odds ratios were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, and body mass index (continuous) 
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Table 6. Odds ratio for prostate cancer (all) according to inflammation-related SNP profiles stratified by fructose intake 
High Fructose Low Fructose 

Gene/SNP Genotype Cases Controls aOR (95% CI)* 
 

Cases Controls aOR (95% CI)* 
CRP 

rs1205 CC 22 18 1.0 36 19 1.0 
CT 21 22 0.18 (0.02-1.74) 38 16 1.63 (0.57-4.70) 
TT 7 6 0.27 (0.02-4.09) 7 7 0.44 (0.08-2.38) 

additive   0.54 (0.15-1.91)  0.92 (0.43-1.96) 
recessive TT/CT+CC  0.96 (0.14-6.79)  0.35 (0.07-1.75) 
dominant TT+CT/CC  0.20 (0.02-1.81)  1.28 (0.48-3.41) 

rs1800947 GG 44 38 1.0 73 41 1.0 
GC 6 6 0.68 (0.08-5.67) 8 4 1.18 (0.25-5.65) 
CC 2 1 0 1 0 0 

additive   1.20 (0.23-6.17)  1.30 (0.30-5.65) 
recessive CC/GC+GG 0 0 
dominant CC+GC/GG  0.94 (0.13-6.87)   1.25 (0.27-5.87) 

FGFR2 
rs1219648 AA 20 12 1.0 33 16 1.0 

AG 21 27 0.61 (0.11-3.23) 37 22 0.61 (0.20-1.81) 
GG 10 8 0.19 (0.02-2.06) 12 7 1.18 (0.26-5.26) 

additive    0.47 (0.15-1.46)  0.978 (0.48-1.97) 
recessive GG/AG+AA  0.26 (0.03-2.21)  1.60 (0.42-6.07) 
dominant GG+AG/AA  0.47 (0.10-2.29)  0.71 (0.25-2.01) 

rs2981582 CC 20 12 1.0 31 14 1.0 
CT 21 26 0.6 (0.11-3.12) 37 24 0.52 (0.17-1.62) 
TT 11 8 0.21 (0.02-2.12) 12 7 1.24 (0.28-5.55) 

 additive   0.48 (0.16-1.49) 1.0 (0.50-2.02) 
recessive TT/TC+CC  0.28 (0.034- 2.33) 1.86 (0.50- 6.95) 
dominant TT+TC/CC  0.48 (0.10-2.32)  0.65 (0.22-1.91) 

*Odds ratios were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, and body mass 
index (continuous) 
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Table 6, cont. Odds ratio for prostate cancer (all) according to inflammation-related SNP profiles stratified by fructose 
intake 

High Fructose Low Fructose 

Gene/SNP Genotype Cases Controls aOR (95% CI)* 
 

Cases Controls aOR (95% CI)* 
IFNGR1 

rs11914 TT 39 35 1.0 58 31 1.0 
TG 12 12 1.04 (0.21-5.21) 21 14 1.05 (0.37-2.99) 
GG 1 0 0 2 0 0 

additive  1.15 (0.25-5.17) 1.26 (0.49-3.27) 
recessive GG/GT+TT 0 0 
dominant TT+GT/TT  1.09 (0.22- 5.37)  1.15 (0.41- 3.24) 

IL-10 
rs1800871 CC 26 28 1.0 45 23 1.0 

CT 21 16 0.29 (0.06-1.51) 28 19 0.34 (0.12-1.01) 
TT 5 3 0.31 (0.01-14.88) 8 3 0.94 (0.15-5.76) 

additive   0.38 (0.09-1.54)  0.66 (0.31-1.38) 
recessive TT/TC+CC  0.66 (0.02-20.75)  1.43 (0.25-8.07) 
dominant TT+TC/CC      0.30 (0.06-1.48)      0.42 (0.15- 1.15) 

*Odds ratios were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, and body mass 
index (continuous) 
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3.3 High Fructose Corn Syrup, Inflammation-related SNPs and Cancer Survival 

  The effect of high fructose intake on overall survival was analyzed to test the hypothesis 

that high fructose consumption is associated with poorer survival of prostate cancer patients 

(Table 7). Interestingly, Cox proportional hazards model results demonstrated a significant 

association between moderately high fructose corn syrup consumption and survival among 

smokers when considering all subjects with prostate cancer (HR:2.31, 95% CI:(1.12-4.76), 

although not among primary prostate cancer smokers (HR: 1.73, 95% CI: 0.51-5.80). 

Cox proportional hazards estimates revealed significant associations of inflammation-

related SNPs with survival among patients with a primary diagnosis, when stratifying by 

smoking (Table 8). CRP rs1205 was associated with poorer prostate cancer survival among 

heterozygotes (CT genotype) compared to the dominant CC genotype (HR:2.99; 95% CI: 1.06-

8.44 ).  The recessive GG genotype of FGFR2 rs1219648 was associated with more favorable 

survival (HR: 0.07; 95% CI: 0.01 - 0.43), as compared to the AA genotype. A linear trend 

associated with the G allele in hazards ratios was observed (allelic HR:0.33, 95% CI: 0.17-0.65). 

Upon stratification by smoking, this association was observed particularly among nonsmokers in 

the dominant model (HR: 0.11, 95% CI: 0.01-0.78).  The FGFR2 rs2981582 TT genotype 

correlated with better survival overall (HR:0.04, 95%CI:0.01-0.28), and a linear trend was 

associated with the variant allele (HR:0.3, 95% C: (0.15-0.58), more pronounced among 

nonsmokers (HR:0.13, 95% CI: 0.02-0.78) than smokers (HR:0.29, 95% CI (0.09-0.95).  Cox 

proportional hazards model results for the association between all prostate cancer diagnoses 

and inflammation-related SNPs (Table 9) demonstrated a very similar association between the 

FGFR2 rs2981582 TT genotype and survival (HR: 0.29; 95% CI: 0.10 - 0.86), which was due to 

the association observed in nonsmokers (HR: 0.10, 95% CI:0.01 - 0.87). Again, a linear trend in 

hazards ratios was observed for the risk allele (HR:0.58, 95% CI:0.37-0.89), which was more 

attributable to nonsmokers (HR: 0.30, 95% CI:0.11-0.84) than smokers (HR:0.99, 95% CI:0.54-

1.82). Associations of CRP rs1205 and FGFR2 rs1219648 polymorphisms with prostate cancer 
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survival were not observed in the analysis comparing all prostate cancer patients.  Finally, the 

possibility of effect measure modification by fructose of the association between inflammation-

related SNPs and prostate cancer survival was considered (Table 10).  However, no significant 

associations between inflammation-related SNPs and survival were observed upon 

stratification. 
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Table 7. Hazard ratio according to  fructose corn syrup intake level among prostate cancer patients   
All Prostate Cancer Patients                   

Smokers Nonsmokers All 

Fructose intake Dead Total HR (95% CI)* Dead Total HR (95% CI)* Dead Total HR (95% CI)* 
 Low (< 40g/day) 21 56 1.0 9 34 1.0 30 90 1.0 
 High (>40 g/day) 20 40 2.31 (1.12-4.76) 4 16 1.06 (0.25-4.49) 24 56 1.64 (0.92-2.91) 

Patients with Prostate as Primary Cancer 
Smokers Nonsmokers All 

Fructose intake Dead Total HR Dead Total HR Dead Total HR 
 Low (< 40 g/day) 12 44 1.0 7 32 1.0 19 76 1.0 
 High (>40 g/day) 6 24 1.73 (0.51-5.80)   2 12 0.09 (0.00-2.28)   8 36 0.82 (0.32-2.1) 

*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body mass index 
(continuous), and cancer stage (categorical - based on TNM staging criteria) 
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Table 8. Cox proportional hazard model results for the association between inflammation pathway-related SNPs and prostate cancer (primary malignancy) 

    Smokers   Nonsmokers   All 

Gene/SNP Genotype Dead Total HR (95% CI)* Dead Total HR (95% CI)* Dead Total HR (95% CI)* 

CRP 

rs1205 CC 5 25 1 1 20 1 6 45 1 

CT 7 32  4.66 (0.81 - 26.96) 6 20 2521.71 (3.90 - 1630411) 13 52  2.99 (1.06 - 8.44) 

TT 1 9 0.63 (0.04 - 10.48) 0 2 0 1 11  0.88 (0.10 - 7.82) 

   additive  1.20 (0.46-3.10) 2522 (3.9-1630411) 1.41 (0.72-2.77) 

recessive TT/CC+TC 0.32 (0.02-4.3) 0  0.43 (0.06- 3.35) 

dominant TT+TC/CC 2.64 (0.54-112.9 2522 (3.9-1630411)  3.51 (1.15-10.74) 

rs1800947 GG 13 57 1 8 39 1 21 96 1 

GC 1 9  1.11 (0.13 - 9.69) 0 3 0 1 12  0.45 (0.06  - 3.53) 

CC 0 1 0 0 1 0 0 2 0 

   additive  0.42 (0.06-3.06) 0.42 (0.06-3.06) 

recessive CC/GG+GC 0 0 

dominant CC+CG/GG 1.06 (0.12-9.35)  0.56  (0.07 - 4.48) 

FGFR2 

rs1219648 AA 8 28 1 5 13 1 13 41 1 

AG 5 31  0.39 (0.10 - 1.43) 2 20  0.09 (0.01 - 1.560) 8 51  0.43 (0.17 - 1.08) 

GG 1 6  0.26 ( 0.01 - 5.28) 1 11  0.12 (0.01 - 1.39) 2 17  0.07 (0.01 - 0.43) 

additive 0.33 (0.17-0.65) 0.28 (0.07-1.04) 0.33 (0.17-0.65) 

recessive GG/AA+GA 0.47 (0.03-8.1) 0.18 (.02-2.1)  0.11 (0.02 - 0.63) 

dominant GG+GA/AA 0.37 (0.10-1.34) 0.11 (0.01-0.78) 0.26 (0.10 - 0.72) 

rs2981582 CC 8 27 1 5 12 1 13 39 1 

CT 5 33  0.49  (0.12 - 1.98) 2 17  0.06 (0.00 - 1.08) 7 50  0.48 (0.19 - 1.19) 

TT 1 6 0 1 14 0.02 (0.00 - 0.78) 2 20  0.04 (0.01 -  0.28) 

additive  0.29 (0.09-0.95) 0.13 (0.02-0.78) 0.30 (0.15-0.58) 

recessive TT/CC+CT 0 0.09 (0.01-1.24)   0.07 (0.01 - 0.38) 

dominant TT+CT/CC 0.3 (0.08-1.1) 0.04 (0.00-0.51)  0.23 (0.09 - 0.64) 

*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body mass index (continuous), and cancer stage (categorical)  
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Table 8, cont. Cox proportional hazard model results for the association between inflammation pathway-related SNPs and prostate cancer (primary malignancy) 

    Smokers   Nonsmokers   All 

Gene/SNP Genotype Dead Total HR (95% CI)* Dead Total HR (95% CI)* Dead Total HR (95% CI)* 
IFNGR1 
rs11914 TT 10 48 1 4 29 1 14 77 1 

TG 3 18  0.45 (0.06 - 3.14) 4 13  2.05 (0.29 - 14.58) 7 31  1.01 (0.37 - 2.79) 
GG 1 1 101.3 (4.61 -2226.21) 0 1 0 1 2  12.06 (1.29 - 112.86) 

additive  1.28 (0.29-5.60) 2.05 (0.29-14.58) 1.42 (0.58-3.51) 
recessive GG/TT+TG 156 (7.7-3160) 0 12.03 (1.31 - 110.6) 
dominant GG+TG/TT 0.69 (0.14-3.55) 2.05 (0.30-14.6)  1.17  (0.43-3.18) 

IL-10 
rs1800871 CC 7 38 1 4 24 1 11 62 1 

CT 7 23  4.67 (0.79 - 27.58) 1 14   0.75 (0.06 - 9.04) 9 37  2.02 (0.78 - 5.25) 
TT 0 4 0 3 6  3.94 (0.53 - 29.43) 3 10 1.64 (0.37 - 7.33) 

additive  1.49 (0.43-5.16) 1.86 (0.67-5.11) 1.48 (0.80-2.73) 
recessive TT/CC+CT 0 4.2 (0.60-29.38)  1.321 (0.31-5.60) 
dominant TT+CT/CC     2.80 (0.59-13.34)       1.95 (0.36-10.68)        1.92 (0.80 -4.61) 

*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body mass index (continuous), and cancer stage 
(categorical - based on TNM staging criteria) 
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Table 9. Cox proportional hazard model results for the association between inflammation pathway-related SNPs and (all) prostate cancer 

Smokers Nonsmokers All 

Gene/SNP Genotype Dead Total HR (95% CI)* Dead Total  HR (95% CI)* Dead Total HR (95% CI)* 

CRP 

rs1205 CC 15 39 1.0 3 23 1.0 18  62  1.0 

CT 18 45 0.86 (0.41 - 1.77) 6 21 3.10 (0.62-15.60) 24 66  1.45 (0.78 - 2.71) 

TT 7 15 1.2 (0.48 - 3.06) 0 2 NA 7 17  1.64 (0.67 - 4.02) 

    additive 1.06 (0.66-1.70) 2.31 (0.57-9.42) 1.32 (0.87-1.99) 

recessive TT/CC+TC  1.23 (0.54 - 2.82) 0   1.30 (0.57 - 2.95) 

dominant TT+TC/CC  0.94 (0.48 -1.84)  3.03 (0.59 - 15.46)   1.12 (0.65 - 2.21) 

rs1800947 GG 36 86 1.0 10 42 1.0 46 128  1.0 

GC 4 12 1.2 (0.41 - 3.51) 0 4 0 4 16  0.64 (0.22 - 1.86) 

CC 1 2 0.64 (0.08 - 4.99) 0 1 0 1 3  0.68 (0.09 - 5.04) 

  additive 0.95 (0.46-1.96) 0.73 (0.34-1.57) 

recessive CC/GG+GC   0.82 (0.11 - 6.21)  0.55 (0.07 - 4.09) 

dominant CC+CG/GG  1.023 (0.39 - 2.73)  0.69 (0.27 - 1.80) 

FGFR2 

rs1219648 AA 21 45 1.0 5 15 1.0 26 60  1.0 

GA 16 44 1.02 (0.48 - 2.17) 3 21 0.31 (0.05 - 2.11) 19 65  0.70 (0.39 - 1.26) 

GG 4 9 1.44 (0.44 - 4.76) 2 12 0.33 (0.06 - 1.98) 6 21  0.43 (0.17 - 1.12) 

  additive 1.14 (0.65-2.0) 0.53 (0.21-1.33) 0.67 (0.44-1.01) 

recessive GG/AA+GA  1.04 (0.35 - 3.07)  0.45 (0.07 - 2.70) 0.81 (0.32 - 2.08) 

dominant GG+GA/AA  1.07 (0.52 - 2.22)  0.32 (0.08 - 1.36)   0.81 (0.44 - 1.48) 

*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body mass index (continuous), and cancer 
stage (categorical - based on TNM staging criteria) 
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Table 9, cont. Cox proportional hazard model results for the association between inflammation pathway-related SNPs and (all) prostate cancer 

Smokers Nonsmokers All 

Gene/SNP Genotype Dead Total HR (95% CI)* Dead Total  HR (95% CI)* Dead Total HR (95% CI)* 

rs2981582 CC 21 43 1.0 6 15 1.0 27 58 1.0 

CT 16 47 0.75 (0.35 - 1.57) 3 18 0.29 (0.05 - 1.65) 19 65 0.63 (0.35 - 1.14) 

TT 3 8 1.69 (0.46 - 6.19) 1 14 0.10 (0.01 - 0.87) 4 22 0.29 (0.10 - 0.86) 

  additive  0.99 (0.54-1.82) 0.30 (0.11-0.84) 0.58 (0.37-0.89) 

 recessive TT/CC+CT  1.76 (0.50 - 6.25)  0.14 (0.02 - 1.21)   0.54 (0.18 - 1.60) 

dominant TT+CT/CC  0.83 (0.41 - 1.70)  0.17 (0.04 - 0.73)  0.62 (0.34 - 1.12) 

IFNGR1 

rs11914 TT 29 72 1.0 4 30 1.0 33 102 1.0 

TG 11 27 1.81 (0.88 - 3.72) 4 14 1.93 (0.27 - 13.60) 15 41 1.34 (0.71 - 1.18) 

GG 1 1 14.49 (1.57 - 133.5) 1 2 NA 2 3 5.32 (1.20 - 23.61) 

  additive 2.07 (1.06-4.03)  5.13 (0.90-29.17) 1.60 (0.92-2.78) 

recessive GG/TT+TG  9.25 (1.05 - 81.94)  0  7.09 (1.57 - 32.10) 

dominant GG+TG/TT  1.92 (0.95 - 3.86) 2.97 (0.50 -17.82)   1.74 (0.93 - 3.24) 

IL-10 

rs1800871 CC 21 53 1.0 6 27 1.0 27 80 1.0 

CT 18 38 0.93 (0.47 - 1.82) 1 15 0.25 (0.03 - 2.50) 19 53 1.19 (0.66 - 2.15) 

TT 2 7 0.63 (0.14 - 2.76) 3 6 1.34 (0.26 - 6.87) 5 13 1.05 (0.40 - 2.79) 

   additive 1.08 (0.72-1.63) 1.03 (0.41-2.54) 1.08 (0.72-1.63) 

 recessive TT/CC+CT  0.70 (0.16 - 3.01)  1.97 (0.41 - 9.41)  1.12 (0.44 - 2.85) 

dominant TT+CT/CC      0.88 (0.46 - 1.70)        0.65 (0.15 - 2.82)        0.87 (0.49 - 1.56) 

*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body mass index (continuous), and 
cancer stage (categorical - based on TNM staging criteria) 
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Table 10. Cox proportional hazard model results for the association between inflammation pathway-related 
SNPs and prostate cancer according to fructose intake1 

    High Fructose  Low Fructose 
Gene/SNP Genotype Dead Total HR (95% CI)* Dead Total HR (95% CI)* 
CRP 

rs1205 CC 8 20 1 8 32 1 
CT 7 20 0.95 (0.31-2.87) 12 37 1.19 (0.45-3.18) 
TT 3 7 0.93 (0.22-3.91) 3 7 1.92 (0.45-8.10) 

additive  0.96 (0.48- 1.93)   1.33 (0.66-2.68) 
recessive TT/CC+TC  0.96 (0.26-3.56) 1.72 (0.47-6.35) 
dominant TT+TC/CC  0.94 (0.34- 2.64)  1.29 (0.51-3.30) 

rs1800947 GG 16 40 1 23 69 1 
GC 2 6 0.97 (0.21-4.39) 1 7 0.45 (0.06-3.46) 
CC 1 2 0.38 (0.04-3.47) 0 1 0 

additive  0.70 (0.28-1.73) 0.41 (0.06-2.87) 
recessive CC/GG+GC  0.38 (0.04-3.46) 0 
dominant CC+CG/GG  0.68 (0.18-2.56)  0.41 (0.05-3.10) 

FGFR2 

rs1219648 AA 8 19 1 11 30 1 
AG 9 20 1.34 (0.41-4.39) 9 35 1.23 (0.45-3.34) 
GG 2 8 0.32 (0.04-2.72) 4 12 1.97 (0.45-8.67) 

additive   0.75 (0.34-1.68) 1.36 (0.66-2.79) 
recessive GG/AA+GA 0.26 (0.04-1.84)  1.72 (0.47-6.36) 
dominant GG+GA/AA  1.05 (0.34- 3.26)  1.32 (0.51-3.41) 
1Considers estimates for all prostate cancer patients (primary and secondary) 
*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body 
mass index (continuous), and cancer stage (categorical - based on TNM staging criteria) 
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Table 10, cont. Cox proportional hazard model results for the association between inflammation pathway-
related SNPs and prostate cancer according to fructose intake1 

    High Fructose  Low Fructose 
Gene/SNP Genotype Dead Total HR (95% CI)* Dead Total HR (95% CI)* 
IFNGR1 

rs2981582 CC 8 19 1 12 28 1 
CT 9 20 1.09 (0.35-3.39) 9 35 0.81 (0.30-2.16) 
TT 2 9 0.29 (0.03-2.47) 2 12 0.78 (0.15-4.21) 

additive  0.70 (0.31-1.59)  0.85 (0.41-1.79) 
recessive TT/CC+CT  0.27 (0.04- 1.93)  0.89 (0.18-4.37) 
dominant TT+CT/CC  0.90 (0.30- 2.72)  0.80 (0.31- 2.07) 

rs11914 TT 13 36 1 17 54 1 
TG 5 11 1.95 (0.66-5.77) 5 20 0.93 (0.31-2.83) 
GG 1 1 21.15 (1.55-289.2) 1 2 7.97 (0.85-74.45) 

additive   2.52 (1.0- 6.43)  1.34 (0.51-3.48) 
recessive GG/TT+TG  17.29 (1.26-237.2)  8.18 (0.91-73.76) 
dominant GG+TG/TT  2.22 (0.80-6.13)  1.09 (0.39-3.08) 

IL-10 

rs1800871 CC 10 25 1 15 43 1 
CT 7 19 1.34 (0.46-3.92) 7 25 0.39 (0.13-1.13) 
TT 2 4 2.27 (0.42-12.30) 2 8 0.45 (0.10-2.13) 

additive 1.44 (0.69-3.04) 0.55 (0.26-1.17) 
recessive TT/CC+CT 2.07 (0.40-10.76)  0.66 (0.15-2.96) 
dominant TT+CT/CC      1.49  (0.55-4.05)      0.40 (0.15-1.07) 
 1Considers estimates for all prostate cancer patients (primary and secondary) 
*HR estimates were adjusted for race (White vs. non-White), age (continuous), pack years of smoking, body 
mass index (continuous), and cancer stage (categorical - based on TNM staging criteria) 
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SECTION 4: DISCUSSION 

 
Inflammation plays a critical role in the development and progression of cancer, and 

several genes involved in the inflammatory response pathway are induced during initiation of 

prostate cancer. Subsequent crosstalk between tumor and immune cells results in release of 

paracrine factors and inflammatory cytokines, which promote aggressive disease. Because 

dietary and genetic factors play a significant role in inflammation, two potentially significant 

mediators of inflammation were assessed in this study 1) analysis of single nucleotide 

polymorphisms of inflammation-related genes, and 2) high fructose corn syrup intake.  The CRP 

rs1205 CT genotype was inversely associated with prostate cancer survival.  Conversely, the 

FGFR2 rs1219648 and rs2981582 polymorphisms were found to be associated with better 

overall survival, and this association was stronger among nonsmokers.  While IFNGR rs11914 

may be associated with poorer survival, results are questionable, due to the very low prevalence 

of the recessive genotype (Tables 8 and 9).  

C-reactive protein, present in plasma, is a common marker of inflammation or acute 

injury. In previous studies, increased serum concentrations of CRP were shown to predict 

poorer survival [33], particularly among castrate-resistant prostate cancer patients [34]. Because 

of the vital role of CRP during inflammation, it is reasonable that this rs1205 polymorphism may 

correlate with hypersensitivity to pro-inflammatory stimuli. FGFR2 is involved in regulation of cell 

growth, blood vessel formation, embryogenesis, and wound healing. Therefore, altered gene 

expression could enhance or suppress cell proliferation, migration, and angiogenesis. Although 

polymorphisms in FGFR2 are reportedly associated with increased breast cancer risk [35], 

significant associations remain to be identified in prostate cancer cells. However, alterations in 

FGFR2 mRNA have been observed in prostate cancer patients [36]. The results of the current 

study suggest that rs1219648 and rs2981582 SNPs might lead to reduced migration and 

metastasis of prostate cancer. The lack of an association identified in the current study for 
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FGFR2 among all prostate cancer patients highlights the potentially specific role of these SNPs 

in prostate cancer prognosis (Table 9).  To the best of our knowledge, this is the first report of 

the associations of these SNPs with prostate cancer survival, although the limitations of sample 

size cannot be ignored.  

 This analysis was specifically focused on high fructose corn syrup, such as that found in 

processed, refined foods and snacks, as opposed to fructose consumption. The rationale here 

is that the fructose found in whole foods, such as fruits and vegetables is loaded with anti-

tumorigenic and anti-inflammatory compounds and phytonutrients (which would counteract the 

damage caused by elevated fructose levels), and moreover, is kept in a fiber-rich matrix during 

digestion such that the physiological amount of reabsorbed fructose is low.  It is interesting that 

there was no difference in risk estimate associated with prostate cancer when comparing high 

and low fructose consumers. This could reflect the fact that controls consumed significantly 

more fructose than cases, and possible confounding by an unmeasured factor such as exercise.  

However, high fructose consumption is more likely to have an effect on disease progression, 

since inflammation fuels hormone refractory prostate cancer and metastasis. Nonetheless, this 

was not the case when considering patients with a primary diagnosis of prostate cancer, as high 

fructose consumption had no effect on survival (HR: 1.73, 95% CI: 0.51-5.80). However, when 

considering all prostate cancer patients (with a primary or secondary diagnosis), poorer survival 

was observed among smokers (HR: 2.39, 95% CI: 1.15 - 4.94).  Hence, smoking was identified 

as a modifier of the effect of fructose on survival. Significant interactions between inflammation 

pathway SNPs and high fructose intake on prostate cancer susceptibility and survival were not 

detected (Tables 6 and 10). The absence of such an interaction, and the lack of association 

between fructose and survival observed among primary prostate cancer patients is likely due to 

the limited number of subjects on which the assessment was based, and consequently, 

insufficient power to detect an association. However, all associations must be interpreted with 

caution, as the current analysis did not utilize imputations to address the issue of missing 
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fructose data. Nonetheless, the preliminary findings suggest that fructose could potentially serve 

as an effect measure modifier of inflammation-related SNPs on prostate cancer risk and/or 

survival in a larger sample of higher power.  Additional studies are required. 

Smoking has not been reported previously as risk factor for prostate cancer.  

Nonetheless, smoking is associated strongly with other cancers and promotes chronic illness, 

suppresses the immune response and contributes to systemic inflammation.  It is interesting 

that significantly more prostate cancer patients were smokers, although adjusted estimates 

demonstrated no direct association between smoking and prostate cancer (OR, primary only 

patients: 1.01, 95% CI: 0.91-1.12 and OR, all prostate cancer patients: 1.00, 95% CI: 0.91-1.11; 

data not shown).  This could represent a multiple comparisons phenomenon, and controlling for 

age might have masked the association.  Nonetheless, the favorable prognostic effects of 

rs1219648 and rs2981582 on survival were more pronounced among nonsmokers upon 

stratification among prostate cancer patients in general. 

  

SECTION 5: CONCLUSION 
 

Genetic and environmental factors mediate chronic inflammation which, ultimately, may 

promote cancer development and progression. Analysis of subjects from the MSKCC hospital-

based case control study revealed an association of the CRP rs1205 CT genotype with poorer 

prognosis among prostate cancer patients (HR:2.99; 95% CI: 1.06-8.44), whereas  FGFR2 

rs1219648 GG and rs2981582 TT polymorphisms were associated with more favorable survival 

(HR: 0.07; 95% CI: 0.01 - 0.43 and HR:0.04, 95%CI:0.01-0.28), especially in nonsmokers.  No 

significant associations were observed between inflammation-related SNPs and prostate cancer 

susceptibility. High fructose corn syrup, at a level above 41 grams/day, was associated with 

reduced survival among smokers when all patients diagnosed with prostate cancer were 

compared to controls (HR: 2.39, 95% CI: 1.15 - 4.94).  Unlike smoking, no significant 
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association between inflammation-related SNPs and prostate cancer survival was observed 

among high consumers of fructose corn syrup.   

Studies analyzing SNP profiles have utility in prevention and treatment of prostate 

cancer, as profiling for high-risk alleles can be followed by prostate cancer screening, and used 

to help determine treatment approach. Studies of sufficient sample size will allow for the 

utilization of SNPs as prognostic indicators through analysis of cancer specific survival or 

progression to advanced disease.  The effect measure modification by smoking in the current 

study highlights the potential prognostic utility of smoking in prostate cancer, and its importance 

as a confounder.  These and other potential pro-inflammatory agents (dietary, behavioral, and 

genetic factors) can be analyzed individually and collectively to determine the association with 

prostate cancer risk and progression. Ultimately, pooled analyses of SNPs can be done, which 

may provide the most comprehensive estimates for prostate cancer development and 

prognosis. 
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