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Abstract

Interleukin-6 (IL-6) and C-reactive protein (CRP) are elevated in prostate cancer patients, but the
role of pre-diagnostic levels of these inflammatory mediators on prostate cancer outcomes is
unclear. We undertook a large, prospective case-control study to evaluate the relation between pre-
diagnostic levels of IL-6 and CRP and prostate cancer incidence and mortality. We also
investigated the role of the /L-6 (—174 G/C) polymorphism in relation to circulating levels of IL-6
and CRP, as well as cancer risk and mortality. We used unconditional logistic regression that
adjusted for matching factors to analyze prostate cancer risk. For analyses of prostate cancer
mortality, we conducted survival analyses in cases. Because of the strong link between
inflammatory markers and BMI, we assessed interactions between BMI and plasma levels on
prostate cancer outcomes. Neither IL-6 nor CRP plasma levels varied significantly by /L-6
genotype. Genotype was not associated with prostate cancer risk or survival. Though neither IL-6
nor CRP was associated with prostate cancer incidence overall, we observed a statistically
significant interaction between IL-6 and BMI on prostate cancer incidence (Pinteraction<0-01).
Increasing IL-6 levels were positively associated with risk in healthy weight men, but inversely
associated with risk in overweight men. Further, pre-diagnostic IL-6 was associated with time to
prostate cancer progression/death among healthy weight prostate cancer cases (Prend=0.02).
Adjusted hazard ratios were 1.73 (95% CI: 0.86, 3.51) comparing the highest to lowest IL-6 level.
Our study suggests that IL-6 may potentially be involved in the development or progression of
prostate cancer.
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Introduction

Accumulating evidence suggests that inflammation is involved in the development and
progression of prostate cancer 1. Inflammation is frequently observed in prostate tumor
specimens 274 and proliferative inflammatory atrophy (PIA) is often present adjacent to
tumor cells and prostatic intraepithelial neoplasia 5. Moreover, RNASEL 6> 7 and MSR-1 8~
10, two hypothesized prostate cancer susceptibility genes, have key roles in inflammation
and innate immunity. The degree of inflammation in prostate tumors predicted disease
aggressiveness defined by biochemical recurrence, independent of Gleason grade, tumor
stage, or preoperative PSA 11.

Interleukin-6 (IL-6) is a key inflammatory mediator. Although it is expressed by a diverse
range of cell types, approximately one-quarter of circulating IL-6 is secreted from adipose
tissue12- 13, and its levels are markedly higher among obese individuals. Thus, elevated
levels in lean individuals more likely reflects inflammatory stimuli apart from adiposity. In
addition to acting as a general marker of inflammation 14, IL-6 could facilitate
carcinogenesis through several mechanisms, including stimulating cell proliferation,
reducing apoptosis, altering enzymes involved in tumor invasion, and promotion of bony
metastases 15. IL-6 also stimulates production of acute phase reactants including C-reactive
protein (CRP), a non-specific marker of inflammation produced exclusively by hepatocytes.
Compared to men with benign conditions, levels of IL-6 and CRP are elevated in prostate
cancer patients, especially with metastases 14> 16> 17 or hormone refractory disease 18.
Higher levels of both IL-6 and CRP were associated with higher Gleason score in one study
19. Further, the degree of elevation of IL-6 is associated with biochemical failure 14 and,
among patients with metastases, lower survival rates independent of PSA level 20. A recent
report found that among men with androgen-independent metastatic prostate cancer, higher
CRP levels were associated with reduced survival 21.

While studies of IL-6 and CRP levels among prostate cancer patients provide important
insights into disease prognosis, studies relating pre-diagnostic IL-6 and CRP levels to
prostate cancer incidence and mortality may improve our understanding of the underlying
biology of prostate carcinogenesis, and potentially lead to identification of markers for early
detection of clinically relevant disease. Few studies have evaluated the role of circulating
levels of pre-diagnostic IL-6 or CRP on prostate cancer incidence with mostly non-
significant results 22725. However, these studies were either small 22> 25 or were not
designed to explore cancer of the prostate, specifically 23> 24. To our knowledge, no studies
have investigated the role of pre-diagnostic IL-6 or CRP on death from prostate cancer.

Because the liver rapidly clears IL-6 in circulation, IL-6 levels are chiefly determined by the
rate of gene expression in tissue 26. Accordingly, polymorphisms that influence IL-6
expression could be associated with prostate cancer outcomes. The most studied
polymorphism in the IL-6 gene (—174G/C) suppresses gene transcription in vitro 27. The
influence of the polymorphism on levels of IL-6 or its downstream effectors, such as C-
reactive protein (CRP), is less clear 27729. Studies of the polymorphism’s association with
prostate cancer risk 30> 31 and progression among cases 32 have reported discrepant
findings, while no study has evaluated the role of the polymorphism on death from prostate
cancer.

We undertook a large, prospective case-control study nested within the Physicians’ Health
Study to evaluate the relation between pre-diagnostic levels of IL-6 and CRP and prostate
cancer incidence and prostate cancer-specific mortality. We also used previously collected
genotype data to investigate the role of the /L-6 (—174 G/C) polymorphism in relation to
circulating levels of IL-6 and CRP, as well as cancer risk and progression.
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Materials and Methods

Study Population

The Physicians’ Health Study 33> 34 was initiated in 1982 as a randomized, double-blind,
placebo-controlled trial of aspirin and B carotene for the primary prevention of
cardiovascular disease and cancer. The study included 22,071 healthy U.S. male physicians
age 40 to 84 years at baseline. Men were excluded if they reported a history of myocardial
infarction, stroke, or transient ischemic attack; cancer (except for nonmelanoma skin
cancer); current renal or liver disease, peptic ulcer, and gout; or current use of aspirin/aspirin
containing components or f} carotene supplements. The majority of participants were
Caucasian (94%).

Participants are followed through annual questionnaires to collect data on diet, health and
lifestyle behaviors, and medical history, and biannually through postcards to ascertain
compliance and health endpoints. During the run-in phase prior to randomization, when all
participants were taking 325 mg aspirin every other day, 14,916 of the randomized
participants (68%) provided a blood sample as described previously 35. These participants
comprise the study base for the nested case-control study.

Selection of Prostate Cancer Cases and Controls

Whenever a participant reports a prostate cancer diagnosis, hospital records and pathology
reports are requested and subsequently reviewed by study physicians from the End Points
Committee to confirm cancer. Follow-up for cancer incidence is greater than 97%. Through
systematic medical record review, we also abstract data on PSA at diagnosis, tumor stage,
grade and Gleason score without prior knowledge of the genotyping and plasma assay
results. Stage is recorded according to the TNM staging system and a modified Whitmore-
Jewett classification scheme.

Controls were selected from the population at risk at the time of the case’s diagnosis, i.e.,
those who had provided blood, had not had a prostatectomy, and had not reported a
diagnosis of prostate cancer. For statistical efficiency, controls were individually matched to
cases by age (within 1 year for cases <55 and, if necessary, within 5 years for cases >55
years) and smoking status (never, former, or current). One control per case was selected for
plasma analyses; one to three controls per case were selected for genotype analyses. Of the
1,116 cases with a confirmed prostate cancer diagnosis through December 31, 2000, 1,046
had samples sufficient for genotyping, of whom 644 had samples sufficient for plasma
analyses. Because the PHS cohort is overwhelmingly Caucasian and race is associated with
both the IL-6 genotype and prostate cancer risk, the analysis sample was further restricted to
Caucasian men. To avoid the exclusion of additional unmatched cases and controls after
restricting the study to Caucasian men, we utilized unconditional logistic regression analyses
that adjusted for the case-control matching factors. Analyses of genotype include 982 cases
and 1,142 controls. Analyses involving plasma levels and those utilizing both plasma and
genotype data were undertaken on a subset 602 cases and 515 controls.

Covariate Assessment and Follow-up

Information on age, smoking status, and body mass index (BMI) were collected on the
baseline questionnaire. BMI was computed as weight in kilograms divided by height in
meters squared. Prostate-specific antigen (PSA) was measured in baseline blood samples of
cases and matched controls. Among men with prostate cancer, we follow them annually
through questionnaires to collect information on their prostate cancer clinical course,
including development of metastases after diagnosis. Deaths are ascertained through
repeated mailings, telephone calls and periodic searches of the National Death Index, and
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cause of death is assigned after review of death certificates, information from the family,
and medical records. Follow-up for mortality is >99% complete.

Laboratory Assessment

Plasma Assays—Stored plasma from prospectively collected samples from each case and
controlsubject was thawed and assayed for IL-6 and CRP in the laboratory of Dr. Nader
Rafai. The IL-6 assay was conducted with a commerciallyavailable ELISA (R&D Systems).
CRP levels were measured using a high-sensitivity assay (Dade Behring). The median time
between collection of blood and case diagnosis was 9.5 years (range 0.2 — 17.9 years). Case-
control pairs were assayed in adjoining wells, with blinding of laboratory personnel as to
case-control status. In addition, we included 10% of samples as pooled QC randomly
distributed across plates. The median coefficients of variation were 0.4% for CRP and 5.3%
for IL-6.

Genotyping—Germline DNA was abstracted from whole blood. All samples were
genotyped using the ABI PRISM 7900HT Sequence Detection System (Applied Biosystems,
Foster City, CA), in 384-well format. The 5’ nuclease assay (TagManR®) was used to
distinguish the alleles of the IL-6 gene at position —174 involving a G—C transition
(rs1800795). PCR amplification was carried out on 5-20ng DNA using 1 X TagManR®
universal PCR master mix (No Amp-erase UNG). 900nM forward
(GACGACCTAAGCTGCACTTTTC), 900nM reverse
(GGGCTGATTGGAAACCTTATTAAGATTG) primers, 200nM of the VIC labeled probe
(CCTTTAGCATCGCAAGAC) and 200nM of the FAM labeled probe
(CTTTAGCATGGCAAGAC) were mixed in a 5pl reaction. Amplification conditions on
AB 9700 dual plate thermal cyclers (Applied Biosystems, Foster City, CA) were as follows:
1 cycle of 95 °C for 10min, followed by 50 cycles of 92°C for 15s and 60°C for 1 min.
TagManR® primers and probes were designed on the reverse strand using the Assays by
DesignR® Service (Applied Biosystems, Foster City, CA). The genotyping success rate was
95.8%. Concordance among 40 sets of quality control samples was 100%.

Statistical Analysis

We tested for deviations from Hardy-Weinberg genotype proportions in controls using
Pearson’s goodness-of-fit test. To determine if plasma levels varied by genotype, we
conducted an ANOVA among the controls with IL-6 and CRP plasma assays. Logjq-
transformed IL-6 or CRP levels were modeled as the dependent variable. All models
controlled for age (continuous, centered at 60 years) and BMI (dichotomized at 25 kg/m?2).
Pearson correlation coefficients (crude and age-adjusted) were used to determine the
association between pre-diagnostic plasma levels and covariates of age and baseline PSA
level, separately for cases and controls. Because the variables were not normally distributed,
we used logg-transformed values for IL-6, CRP and PSA. To determine if non-linear
associations were apparent between plasma levels and covariates, Chi-square tests were used
to evaluate associations between plasma level quartiles and BMI (<25 vs. 225 kg/m?2).
Quartiles cut-points of IL-6 and CRP were based on the distribution among controls.

We used unconditional logistic regression to analyze prostate cancer risk according to
genotype and plasma level of IL-6 and CRP. For genotype analyses, odds ratios (OR) and
95% confidence intervals (95% CI) were estimated by including indicator variables for the
‘GC’ genotype and ‘CC’ genotype. Statistical significance was determined by conducting a
2 d. f. likelihood ratio test. For plasma level analyses, ORs and 95% Cls were estimated by
including indicator variables for quartiles of the plasma marker. We determined statistical
significance by including a four-level ordinal variable for plasma marker based on the
median within each quartile. All models adjusted for the matching factors of age at
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randomization, smoking status (ever vs. former vs. current smoker at baseline), and follow-
up time in the study. Analyses of plasma markers additionally controlled for BMI as a
continuous variable and randomized aspirin assignment (yes vs. no). Logistic regression
analyses were also conducted within strata according to stage at diagnosis (T1/T2 vs. T3/T4/
N1/M1), grade at diagnosis (Gleason 2—-6 or well differentiated vs. Gleason 7 vs. Gleason 8—
10 or poorly differentiated), age at diagnosis (<65 years vs. 265 years), and PSA era at
diagnosis (pre-1992 vs. 1992 or later).

Because of the strong link between these inflammatory markers and BMI, reflecting the
production of IL-6 in adipose tissue, we specifically assessed the potential interactions
between BMI and plasma levels on prostate cancer outcomes. To assess statistical
significance of the interaction between plasma levels and BMI, we used a 1 d. f. likelihood
ratio test to compare unconditional logistic regression models that included the matching
factors, an ordinal plasma quartile variable, BMI and the product term of BMI level with
plasma quartile, to models without the product term. Analyses were also conducted within
strata of BMI, further controlling for BMI as a continuous variable. A similar approach was
used to evaluate potential interactions between randomized aspirin assignment and
genotype/plasma levels.

To determine the influence of genotype and pre-diagnostic plasma markers on time to
prostate cancer progression or death, we conducted time-to-event analyses in cases. The
outcome event was development of bony metastases or prostate cancer-specific mortality.
Event dates were the date of diagnosis of bony metastases when such data were available, or
the date of prostate cancer death, otherwise. Men diagnosed with bony metastases at the
time of their initial diagnosis of prostate cancer were considered as having had an event only
if their cancer caused death from prostate cancer. The event date was the date of prostate
cancer death. Cases who did not die of prostate cancer and were not diagnosed with bony
metastases were censored at time of death from other causes or the end of study follow-up
(March 1, 2008). Follow-up time was calculated from the date of prostate cancer diagnosis
to the event date, or time of censoring. Cox proportional hazards models were used to
estimate hazard ratios (HR) and 95% CI by including in the model indicator variables for
either heterozygotes and homozygous variants in genotype analyses, or for quartiles of each
plasma marker. Models also adjusted for age at diagnosis, a dichotomous variable for tumor
aggressiveness (coded as “1” if stage T3/T4/N1/M1 or Gleason 8-10 at diagnosis, and “0”
otherwise), and BMI (as a continuous variable). Missing data on the tumor aggressiveness
variable was handled with the missing indicator method. We also conducted the time-to-
event analyses of plasma markers stratified by BMI dichotomized at 25 kg/m?. These
models also controlled for BMI (continuous). All p-values were two-tailed and 0=0.05 was
used to determine statistical significance. All analyses used SAS Version 9.1.3 statistical
software.

Selected characteristics of the cases and controls are presented in Table 1. For cases
included in the genotype analyses and the subset included in the plasma analyses, the mean
age at the time of blood draw was 59 years, and mean age of diagnosis was 69 years. Most
tumors were diagnosed as low grade and localized stage.

We found the IL-6 —174G/C SNP to be in Hardy-Weinberg equilibrium in the controls (p-
value=0.16). Neither IL-6 nor CRP plasma levels varied significantly by IL-6 genotype
overall or within categories of BMI (data available upon request). There was no significant
association between IL-6 genotype and risk of prostate cancer overall (p=0.30). Compared
with men with the ‘GG’ genotype, the OR (95% CI) was 0.97 (0.81, 1.18) for men with
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‘GC’ genotype and 0.82 (0.63, 1.06) for men with the ‘CC’ genotype. IL-6 genotype was
marginally associated with risk of prostate cancer diagnosed before age 65 (‘GC’ vs ‘GG’:
OR=1.28, 95% CI: 0.91, 1.81; ‘CC’ vs. ‘GG’: OR=0.73, 95% CI: 0.44, 1.19; p=0.05). No
significant associations were observed when stratifying by clinical stage, tumor grade,
calendar year of diagnosis, or BMI. There was no evidence of an interaction between IL-6
genotype and plasma levels of IL-6 or CRP on prostate cancer risk. Results remained similar
after BMI adjustment, and results from the unconditional logistic analyses were similar to
results from conditional logistic regression. In survival analyses that accounted for age,
stage/grade at diagnosis, and BMI, we found no association between genotype and prostate
cancer progression/death among prostate cancer cases (p=0.26).

After adjusting for age, logg-transformed plasma IL-6 and CRP levels were positively
intercorrelated among both the cases (partial r=0.34, p<0.0001) and the controls (partial
r=0.46, p<0.0001). As expected, we observed positive categorical associations between BMI
and both plasma markers. Among controls, 20.3% of those in the lowest quartile of IL-6
levels were overweight, compared to 53.5% of those in the highest IL-6 quartile (Chi-square
p<0.0001). Likewise, 22.7% of controls with the lowest CRP levels were overweight,
compared to 54.3% with the highest CRP levels (Chi-square p<0.0001). A similar relation
between BMI and plasma levels was observed in the cases. To evaluate the potential for
confounding by aspirin, we investigated associations between randomized aspirin
assignment and plasma levels. Aspirin assignment was not associated with IL-6 levels in
controls (Chi-square p=0.57) or CRP levels in the controls (Chi-square p=0.40) or cases
(Chi-square p =0.79). However, among the men who developed prostate cancer, a greater
percentage of men randomized to aspirin were in the lower two quartiles of IL-6 compared
to men randomized to placebo (54.2% vs. 43.6%; Chi-square p=0.01). IL-6 was positively
correlated with age in both controls (r=0.19; p<0.0001) and cases (r=0.24; p=0.0001). CRP
was also correlated with age in controls (r=0.20; p<0.0001) and in cases (r=0.23; p<0.0001).
Correlations between the plasma markers, as well as between the markers and age, were
similar within categories of BMI dichotomized at 25 kg/m?2. We also investigated
associations between IL-6/CRP levels and baseline PSA levels in cases and controls to
assess the potential for detection bias. After adjusting for age, IL-6 and CRP were not
significantly correlated with PSA at baseline in cases (IL-6: partial r=—0.0004 and p=0.99;
CRP: partial r=0.07 and p=0.18) or controls (IL-6: partial r=0.009 and p=0.87; CRP: partial
r=0.08 and p=0.14).

Overall, neither plasma IL-6 (pgeng=0.65) (Table 2) nor CRP (pyeng=0.11) (Table 3) was a
significant predictor of prostate cancer risk. Given that IL-6 is secreted from adipose, higher
levels of IL-6 in overweight men could result from the greater amount of adipose, while
higher levels of IL-6 in lean men might be indicative of localized inflammatory events
leading to or resulting from prostate cancer. Thus, we explored the possibility of a
multiplicative interaction between BMI and IL-6 on prostate cancer risk and found that the
association between IL-6 and prostate cancer was, in fact, modified by BMI (pPinteraction <
0.01). Increasing IL-6 levels were positively associated with prostate cancer in healthy
weight men, but inversely associated with prostate cancer in overweight/obese men, further
adjusting for BMI as a continuous variable (Table 2). No significant associations were
observed when IL-6 was analyzed within subgroups of tumor characteristics, or calendar
year of diagnosis (pyend for pre-1992: 0.66; pyreng for during/after 1992: 0.89). For CRP, we
found no statistically significant associations within subgroups of tumor characteristics
(Table 3). However, there was a suggestion of a trend of increasing risk of high grade
(Gleason 8-10) cancer among men with higher CRP levels (pgeng=0.10); the OR comparing
men in the highest vs. lowest CRP quartile was 2.37 (95% CI: 1.07, 5.23). CRP was not
associated with prostate cancer risk within categories of calendar year of diagnosis (Pirend
for pre-1992: 0.25; pyeng for during/after 1992: 0.19). While the interaction between CRP

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Stark et al.

Page 7

and BMI on prostate cancer risk was not statistically significant (Pinteraction=0-08),
increasing CRP was positively associated with prostate cancer in the stratum of men of a
healthy weight, further controlling for continuous BMI (pyeng = 0.02) (Table 3). No
association was observed in the overweight/obese men (p=0.56). We found no evidence of
interactions between randomization to aspirin and levels of IL-6 (pPinteraction=0-20) or CRP
(Pinteraction=0-14) on prostate cancer risk.

Because IL-6 and CRP levels are higher among patients with prostate cancer, we explored
the possibility that our findings for IL-6 and CRP within strata of BMI could be attributed to
pre-clinical disease. We conducted further analyses excluding the 70 cases diagnosed within
five years after the blood draw, and the findings did not materially change. Among men of a
healthy weight and further controlling for BMI as a continuous variable, the OR estimates
for each consecutive IL-6 quartile compared to Q1 remained similar to the analysis that
included all cases (Q2: 1.06 (95% CI: 0.68, 1.64), Q3: 1.99 (95% CI: 1.23, 3.21), and Q4-:
1.55 (95% CI: 0.93, 2.59)), and the test of trend was marginally significant (pyeng=0.05).
The results for CRP among healthy weight men were similar to the analysis that included all
cases (Pgend=0.04). The ORs (95% CI) for the healthy weight men for CRP Q2, Q3, and Q4
compared to Q1 were 1.14 (0.73, 1.79), 1.26 (0.78, 2.03), and 1.68 (1.03, 2.74), respectively.
Among the overweight men, the inverse association of higher IL-6 on prostate cancer risk
was more pronounced and remained statistically significant (pyeng=0.01). The ORs for the
overweight men for IL-6 Q2, Q3, and Q4 compared to Q1 were 1.18 (95% CI: 0.58, 2.39),
0.65 (95% CI: 0.34, 1.26), and 0.55 (95% CI: 0.27, 1.09), respectively. Consistent with the
analysis among all overweight cases, we found no association of CRP levels with prostate
cancer risk among overweight men after exclusion of the early cases (pieng=0.41).

In addition to analyses of prostate cancer incidence, we undertook time-to-event analyses to
ascertain if pre-diagnostic IL-6 or CRP could predict future disease progression or death
among prostate cancer cases. The median post-diagnostic follow-up time for the 601 cases
included in these analyses was 11.9 years (range 0.01-23.4 years), during which 100 men
developed bony metastases or died of their prostate cancer. In an analysis that adjusted for
age at diagnosis, BMI and stage/grade at diagnosis, neither IL-6 (pyeng=0.13) nor CRP
(Pireng=0.16) was a significant predictor of prostate cancer progression/death (Table 4).
However, when the analysis was restricted to healthy weight men, we observed a
statistically significant trend of increasing rate of prostate cancer progression/death with
increasing IL-6 (pyeng=0.03). The association appeared to be limited to the highest tertile of
IL-6, where we observed a nearly two-fold increase in time to distant metastases or death
(HR for tertile 3 vs. tertile 1: 1.76 (95% CI: 0.93, 3.35)). No statistically significant
associations were observed for IL-6 in the overweight men (pyepng=0.93), or for CRP in
either BMI stratum (BMI<25: pyeng=0.17; BMI>25: pireng=0.47)(Table 6). However, CRP
did appear to follow of a similar pattern of accelerated time to progression/death with
increasing levels. When cases diagnosed within five years of blood draw were excluded to
minimize the effect of cancer on IL-6 blood levels, the results were similar and the test of
trend became statistically significant (HR for IL-6 tertile 2 versus tertile 1: 1.01 (95% CI:
0.54, 1.89); HR for IL-6 tertile 3 versus tertile 1: 1.82 (95% CI: 1.01, 3.30); pyreng=0.02).
Among normal weight men, the association between IL-6 and prostate cancer progression/
death became stronger when early cases were excluded (HR for IL-6 tertile 2 versus tertile
1: 0.92 (95% CI: 0.40, 2.10); HR for IL-6 tertile 3 versus tertile 1: 2.17; 95% CI: 1.05, 4.45;
Ptrend=0.02). In our time-to-event analyses we used both the date of diagnosis of bony
metastases and the date of prostate cancer death as event dates. However, the results of the
time-to-event analyses were similar when we added 4.5 years, the mean time from bony
metastases to prostate cancer to death among all Physicians’ Health Study prostate cancer
cases, to the event date of men who developed bony metastases.
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Discussion

In this large nested case-control study, we found that circulating levels of IL-6 and CRP
measured a decade prior to cancer diagnosis were not associated with prostate cancer
incidence overall. However, we observed an apparent interaction between IL-6 and BMI
with respect to prostate cancer risk and a positive association between CRP and prostate
cancer risk among men with BMI<25 kg/m2. Perhaps more importantly, pre-diagnostic IL-6
levels were associated with time to progression to bony metastases or death among healthy
weight prostate cancer cases independent of tumor stage, grade, or age at diagnosis.

The observed association between IL-6 levels and prostate cancer incidence and
progression/death did not appear to be the result of variation in the most studied
polymorphism in the /L-6 gene (—174G/C), which has been reported to suppress gene
transcription in vitro 27. Human studies that examined the influence of this SNP on levels of
IL-6 or its downstream effectors, such as C-reactive protein (CRP), have found no
association 28 or have had conflicting results 27> 29. We found that the polymorphism was
not associated with circulating levels of IL-6 or CRP measured a decade prior to diagnosis,
and consistent with two previous studies 30 31, we found no association between the
polymorphism and prostate cancer risk. This study was also the first to analyze the (—174G/
C) polymorphism with respect to time to prostate cancer survival, but we observed no
association. Nevertheless, our study utilized previously collected genetic data to examine
only one IL-6 variant. Investigation of other polymorphisms in IL-6 and CRP is warranted.

As expected based on previous studies, we observed that men with higher BMI levels had
higher levels of both IL-6 and CRP. If circulating IL-6 acts directly on the prostate to
stimulate development or progression of carcinoma, then we might expect high levels of
these markers, regardless of their source, to confer a greater risk of prostate cancer.
Alternatively, we hypothesized that IL-6 and CRP act as markers of localized inflammatory
events, possibly in response to early tumor development. Thus, high IL-6 or CRP among
leaner men may be more indicative of intra-prostatic inflammatory events, while high levels
of these markers among heavier men may simply be due to a greater amount of adipose.
While there was, in fact, a suggestion of increasing risk of prostate cancer with increasing
IL-6 levels in men of a healthy weight, the interaction we observed between BMI and IL-6
on prostate cancer risk appeared to also be influenced by an unexpected inverse association
between IL-6 level and prostate cancer risk among overweight men. Consequently, the
results of the BMI subgroup analyses for IL-6 level and prostate cancer risk should be
interpreted cautiously. However, other findings were consistent with our hypothesized
mechanism. First, CRP was positively associated with prostate cancer risk in healthy weight
men, but not associated with risk in overweight men. Second, we found an association
between increasing levels of IL-6 and higher rates of prostate cancer progression/death in
survival analyses conducted exclusively among lean prostate cancer cases.

Because IL-6 and CRP levels are higher in prostate cancer patients, especially those with
metastases, it is possible that undiagnosed cancer could have accounted for the observed
positive associations. Among men of a healthy weight, point estimates for IL-6 and prostate
cancer risk were similar after excluding cases diagnosed within five years of blood draw.
Further, the association between IL-6 and prostate cancer progression among healthy weight
men became stronger when early cases were excluded. Although we cannot conclude that
IL-6 initiates or promotes disease, our results suggest that this marker could potentially
contribute to such processes, especially for aggressive disease.

One weaknesses of our study is the single measurement of IL-6 and CRP. Serial
measurements of these markers could potentially be even more informative in predicting
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prostate cancer risk and prostate cancer progression. Because prostate cancer is often
indolent and remains undiagnosed in the absence of screening, it is possible that some of our
controls were misclassified. As IL-6 and CRP would most likely be higher in controls with
undiagnosed disease, our observed associations might be underestimated. Our
supplementary time-to-event analysis, however, is not prone to differential disease
misclassification. We attempted to control for other potential determinants of time to
prostate cancer death in our survival analyses to assess the predictive ability of IL-6 beyond
those clinical factors. Nonetheless, we were unable to control for treatment and could not
completely control for markers of tumor aggressiveness due to some missing data on cancer
stage and grade at diagnosis. It would be interesting to assess potential associations between
IL-6/CRP plasma levels and prostate cancer risk/survival among men who are underweight
(BMI<18.5) and men who are obese (BMI=30), but we had insufficient numbers of men in
these subgroups to analyze them separately.

The present study has a number of important strengths. We have adequate follow-up to
evaluate whether pre-diagnostic levels of IL-6 or CRP are associated with tumor progression
or death from prostate cancer. The large size of our study permitted us to examine
associations within important subgroups of clinical and tumor characteristics. Because the
availability of baseline blood samples should not be related to IL-6 genotype or prostate
cancer incidence/progression, there should be little concern about bias resulting from
obtaining plasma data on approximately two-thirds of the men with genotype data.
Additional studies are needed to confirm or refute the associations between pre-diagnostic
IL-6 and CRP and prostate cancer development and progression/death in healthy weight
men, and to disentangle the mechanisms for the differential association of IL-6 on prostate
cancer risk according to degree of adiposity.

Acknowledgments

Grant Source: This work was supported by grants from the National Cancer Institute (SRO1CA058684-13 and
5R0O1CA042182-20). The Physicians Health Study is supported by grants CA34944, CA40360, and CA097193
from the National Cancer Institute and grants HL-26490 and HL-34595 from the National Heart, Lung, and Blood
Institute. JRS is supported by the National Research Service Award Training Program in Cancer Epidemiology
(T32 CA009001-32).

We would like to thank the participants in the Physicians’ Health Study for their long-standing participation. We
are also grateful to Greg Judson for his assistance with manuscript preparation and Haiyan Zhang for data
management and computer programming support.

Abbreviations

95% CI 95% confidence interval

BMI Body mass index

CRP C-reactive protein

HR Hazard ratio

IL-6 Interleukin 6

OR Odds ratio

PSA Prostate-specific antigen
References

1. Platz EA, De Marzo AM. Epidemiology of inflammation and prostate cancer. Journal of Urology.
2004; 271:536-S40. [PubMed: 14713751]

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Stark et al.

10

11.

12.

13.

17.

18.

Page 10

. Schatteman PH, Hoekz L, Wyndaele JJ, Jeuris W, Van Marck E. Inflammation in prostate biopsies

of men without prostatic malignancy or clinical prostatitis: correlation with total serum PSA and
PSA density. European Urology. 2000; 37(4):404—12. [PubMed: 10765070]

. Gerstenbluth RE, Seftel AD, MacLennan GT, Rao RN, Corty EW, Ferguson K, Resnick MI.

Distribution of chronic prostatitis in radical prostatectomy specimens with up-regulation of bcl-2 in
areas of inflammation. Journal of Urology. 2002; 167:2267-70. [PubMed: 11956490]

. Di Silverio F, Gentile V, De Matteis A, Mariotti G, Guiseppe V, Luigi PA, Sciarra A. Distribution

of inflammation, pre-malignant lesions, incidental carcinoma in histologically confirmed benign
prostatic hyperplasia: a retrospective analysis. European Urology. 2003; 43:164-75. [PubMed:
12565775]

. Putzi MJ, De Marzo AM. Morphologic transitions between proliferative inflammatory atrophy of

the prostate: implications for prostatic carcinogenesis. Urology. 2000; 56:828-32. [PubMed:
11068311]

. Carpten JD, Nupponen N, Isaacs SD, Sood R, Robbins C, Xu J, Faruque M, Moses T, Ewing CM,

Gillanders E, Hu P, Bujnovszky P, et al. Germline mutations in the ribonuclease L gene in families
showing linkage with HPC1. Nature Genetics. 2002; 30:181-84. [PubMed: 11799394]

. Casey G, Neville PJ, Plummer SJ, Xiang Y, Krumroy LM, Klein EA, Catalona WJ, Nupponen N,

Carpten JD, Trent JM, Silverman R, Witte JS. RNASEL Arg262Gln variant is implicated in up to
13% of prostate cancer cases. Nature Genetics. 2002; 32:581-83. [PubMed: 12415269]

. XuJ, Zheng SL, Komiya A, Mychaleckyj JC, Isaacs SD, Hu JJ, Sterling D, Lange EM, Hawkins

GA, Turner A, Ewing CM, Faith DA, et al. Germline mutations and sequence variants of the
macrophage scavenger receptor 1 gene are associated with prostate cancer risk. Nature Genetics.
2002; 32:321-25. [PubMed: 12244320]

. Wiklund F, Jonsson B-A, Goransson I, Bergh A, Gronberg H. Linkage analysis of prostate cancer

susceptibility: confirmation of linkage at 8p22—23. Human Genetics. 2003; 112(4):414-18.
[PubMed: 12594535]
. Xu J, Zheng L, Komiya A, Mychaleckyj JC, Isaacs SD, Chang B, Turner AR, Ewing CM, Wiley
KE, Hawkins GA, Bleecker ER, Walsh PC, et al. Common sequence variants fo the macrophage
scavenger receptor 1 gene are associated with prostate cancer risk. American Journal of Human
Genetics. 2003; 72:208-12. [PubMed: 12471593]
Irani J, Goujon J-M, Ragni E, Peyrat L, Hubert J, Saint F, Mottet N. Pathologist Multi Center
Study Group. High-grade inflammation in prostate cancer as a prognostic factor for biochemical
recurrence after radical prostatectomy. Urology. 1999; 54:467-72. [PubMed: 10475356]
Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS, Klein S, Coppack SW.
Subcutaneous adipose tissue releases interleukin-6, but not tumor necrosis factor-alpha, in vivo.
Journal of Clinical Endocrinology and Metabolism. 1997; 82(12):4196-200. [PubMed: 9398739]
Mohamed-Ali V, Pinkney JH, Coppack SW. Adipose tissue as an endocrine and paracrine organ.
International Journal of Obesity and Related Metabolic Disorders. 1998; 22(12):1145-58.
[PubMed: 9877249]
. Twillie DA, Eisenberger MA, Carducci MA, Hseih W, Kim WY, Simmons JW. Interleukin-6: a
candidate mediator of prostate cancer morbidity. Urology. 1995; 45:542—49. [PubMed: 7879350]
. Corcoran NM, Costello AJ. Interleukin-6: minor player or starring role in the development of
hormone-refractory prostate cancer? BJU International. 2003; 91:545-53. [PubMed: 12656913]
. Adler HL, McCurdy MA, Kattan MW, Timme TL, Scardino PT, Thompson TC. Elevated levels of
circulating interleukin-6 and transforming growth factor-f1 in patients with metastatic prostatic
carcinoma. Journal of Urology. 1999; 161:182-87. [PubMed: 10037394]
Lehrer S, Diamond EJ, Mamkine B, Droller MJ, Stone NN, Stock RG. C-reactive protein is
significantly association with prostate-specific antigen and metastatic disease in prostate cancer.
BJU International. 2005; 95:961-62. [PubMed: 15839913]
Drachenberg DE, Elgamal A-AA, Rowbotham R, Peterson M, Murphy GP. Circulating levels of
interleukin-6 in patients with hormone refractory prostate cancer. Prostate. 1999; 41:127-33.
[PubMed: 10477909]

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Stark et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

Page 11

McArdle PA, McMillan DC, Sattar N, Wallace AM, Underwood MA. The relationship between
interleukin-6 and C-reactive protein in patients with benign and malignant prostate disease. British
Journal of Cancer. 2004; 91:1755-57. [PubMed: 15505624]

McArdle PA, Mir K, Almushatat ASK, Wallace AM, Underwood MA, McMillan DC. Systematic
inflammatory response, prostate-specific antigen and survival in patients with metastatic prostate
cancer. Urologia Internationalis. 2006; 77(2):127-29. [PubMed: 16888416]

Beer TM, Lalani AS, Lee S, Mori M, Eilers KM, Curd JG, Henner WD, Ryan CW, Venner P,
Ruether JD, Chi KN. C-reactive protein as a prognostic marker for men with androgen-
independent prostate cancer: results from the ASCENT trial. Cancer. 2008; 112(11):2377-83.
[PubMed: 18428198]

Platz EA, De Marzo AM, Erlinger TP, Rifai N, Visvanathan K, Hoffman SC, Helzlsouer KJ. No
association between pre-diagnostic plasma c-reactive protein concentration and subsequent
prostate cancer. Prostate. 2004; 59:393—400. [PubMed: 15065087]

I’'yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC, Satterfield S, Kritchevsky SB.
Circulating levels of inflammatory makers and cancer risk in the Health Aging and Body
Composition Cohort. Cancer Epidemiology Biomarkers and Prevention. 2005; 14(10):2413-18.

Siemes C, Visser LE, Coebergh JW, Splinter TA, Witteman JC, Uitterlinden AG, Hofman A, Pols
HA, Stricker BH. C-reactive protein levels, variation in the C-reactive protein gene, and cancer
risk: the Rotterdam Study. Journal of Clinical Oncology. 2006; 24(33):5216-22. [PubMed:
17114654]

Baillargeon J, Platz EA, Rose DP, Pollock BH, Ankerst DP, Haffner S, Higgins B, Lokshin A,
Troyer D, Hernandez J, Lynch S, Leach RJ, et al. Obesity, adipokines, and prostate cancer in a
prospective population-based study. Cancer Epidemiology, Biomarkers and Prevention. 2006;
15(7):1331-35.

Castell JV, Geiger T, Gross V, Andus T, Walter E, Hirano T, Kishimoto T, Heinrich PC. Plasma
clearance, organ distribution and target cells of interleukin-6/hepatocyte-stimulating factor in the
rat. European Journal of Biochemistry. 1988; 177(2):357-61. [PubMed: 3263918]

Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin JS, Humphries S, Woo P. The effect of
novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma IL-6 levels,
and an association with systemic-onset juvenile chronic arthritis. Journal of Clinical Investigation.
1998; 102(7):1369-76. [PubMed: 9769329]

Margaglione M, Bossone A, Cappucci G, Colaizzo D, Grandone E, Di Minno G. The effect of the
interleukin-6 ¢/g—174 polymorphism and circulating interleukin-6 on fibrinogen plasma levels.
Haematologica. 2001; 86(2):199-204. [PubMed: 11224491]

Jones KG, Brull DJ, Brown LC, Sian M, Greenhalgh RM, Humphries SE, Powell JT. Interleukin-6
(IL-6) and the prognosis of abdominal aortic aneurysms. Circulation. 2001; 103(18):2260-5.
[PubMed: 11342474]

Michaud DS, Daugherty SE, Berndt SI, Platz EA, Yeager M, Crawford ED, Hsing A, Huang WY,
Hayes RB. Genetic polymorphisms of interleukin-1B (IL-1B), IL-6, IL-8, and IL-10 and risk of
prostate cancer. Cancer Research. 2006; 66(8):4525-30. [PubMed: 16618781]

Sun J, Hedelin M, Zheng SL, Adami HO, Bensen J, Augustsson-Balter K, Chang B, Adolfsson J,
Adams TS, Turner A, Meyers DA, Isaacs WB, et al. Interleukin-6 sequence variants are not
associated with prostate cancer risk. Cancer Epidemiology, Biomarkers and Prevention. 2004;
13(10):1677-79.

Tan D, Wu X, Hou M, Lee SO, Lou W, Wang J, Janarthan B, Nallapareddy S, Trump DL, Gao

AC. Interleukin-6 polymorphism is associated with more aggressive prostate cancer. Journal of
Urology. 2005; 174(2):753-6. [PubMed: 16006970]

. Hennekens CH, Buring JE, Manson JE, Stampfer M, Rosner B, Cook NR, Belanger C, LaMotte F,

Gaziano JM, Ridker PM, Willett W, Peto R. Lack of effect of long-term supplementation with beta
carotene on the incidence of malignant neoplasms and cardiovascular disease. New England
Journal of Medicine. 1996; 334:1145-9. [PubMed: 8602179]

Steering Committee of the Physicians’ Health Study Research Group. Final report on the aspirin
component of the ongoing Physicians’ Health Study. New England Journal of Medicine. 1989;
321(3):129-35. [PubMed: 2664509]

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Vd-HIN

Stark et al.

Page 12

35. Gann PH, Hennekens CH, Ma J, Longcope C, Stampfer MJ. Prospective study of sex hormone
levels and risk of prostate cancer. Journal of the National Cancer Institute. 1996; 88(16):1118-26.
[PubMed: 8757191]

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



1duosnuely Joyiny Vd-HIN 1duosnuey Joyiny Vd-HIN

1duosnuep Joyiny Vd-HIN

Stark et al.

Baseline characteristics of prostate cancer cases and controls

Page 13

Cases in genotype analyses (N=982)

Cases in plasma analyses (N=602)

Controls (N=1,142)

Mean age at baseline (+SD)
Mean age at diagnosis (£SD)
BMI at baseline (%)
Normal (<25 kg/mz)
Overweight (25-<30 kg/m?)
Obese (230 kg/m?)

Gleason score at diagnosis (%)*

2-6 or well differentiated
7

8-10 or poorly differentiated

Tumor stage at diagnosis (%)7L
T1/T2
T3/T4/N1/M1
Date of diagnosis
Prior to 1992
During/after 1992

59.2(8.3)
69.4 (7.3)

573 (58.3)
376 (38.3)
33 (3.4)

554 (61.4)
208 (23.1)
140 (15.5)

545 (72.0)
212 (28.0)

387 (39.4)
595 (60.6)

59.2(8.2)
68.6 (7.2)

353 (58.6)
230 (38.2)
19 3.2)

351 (63.2)
125 (22.5)
79 (14.2)

351 (72.4)
134 (27.6)

269 (44.7)
333 (55.3)

59.7(7.8)

696 (61.0)
411 (36.0)
35 (3.0)

E3
Data on Gleason grade missing for 8% of cases in genotype and plasma analyses

Data on tumor stage missing for 23% of cases in genotype analyses and 19% in plasma analyses

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



Page 14

Stark et al.

T106$L (1'90) ¢6 (1'90) 26 (990 ¥6 (%) N ‘sase)
/3y §T>

INg

€L0 (172°€500 80T  (06'T°SH'0) €60 (681 °LF0)S6'0 (¥ 00'T (ID %$6) YO
(1'620) €T (820) 81 0420 61 0+20) 61 (%) N ‘sase)
ﬁuumﬂﬂo.ﬂvwﬁﬁ %EOOQ\O ~Iw COmﬁu_O
990 (P6'T°65°0) LOT  (88°1°09°0) 90'T (LS'T6¥°0)88°0  (J9¥) 00'T (ID %$6) YO
(+'90) €€ TLo e 910 LT 840 1€ (%) N ‘sese)
h COmﬁu_O
S0 (SE'T°95°0) L8°0  (S8°1°€8°0) ¥T'T (L6T060) €T (W) 00'T (ID %$6) IO
T0D 1L ($'82) 001 (9'62) ¥01 L199L (%) N ‘sose)
PAIRNUAIIP [[OM/9—C UOSEID)

Y apeisd Jowny,

L850  (8T9SMENT  (F0T990 9T (LYTPS0)S60 (G2 00'1 (1D %$6) YO
(9%0) €€ (1'90) s¢ (6€0) T¢ ('S0 ¥¢ (%) N ‘soseD)
(IN/IN/PL/EL) onersoxd-enxg
9¢0  (BET650060  (€9T°€LD 60T  (TLT6L0)LI'T  (GRW) 001 (1D %$6) YO
(TTo) 8L (8'90) ¥6 (9L L6 (€0 T8 (%) N ‘soseD)
(T1/1.1) pazIeooT]

Y aSe)s Jown,

90  OFTIL0TOT  (OLT'9800TT  (S9T'E80LIT (D 00'T (1D %56) 90
(Clxakag! (9°L0 991 (590 091 (€70 ¥el (%) N 's3seD

,ooued areysoxd [y

6C1 6C1 6C1 8¢l N ‘sjonuo)
00'1T-1TT 1TT-SE'T SET-06°0 06°0—€1°0
14 € 4 !
4ones-d (Tu/3d ‘98uey]) amaen() ewselq 9- 11

uo1ssaI3a1 o13SIS0[ [RUONIPUOIUN WOI) J9oued dye)soid pue [9A9] ewise[d 9-T] J0J SBAISIUI QOUSPIJUOD 9;,G6 PUE SONBI SPPO

cojqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



Page 15

Stark et al.

(1oA9]

9-[ TeUIPIO pue [N ShowoloydIp) [(°Q > WONORIANUI] ‘(owr dn-mo[[oy pue snyeys Sunjows ‘afe) s10joey Suryoyew pue (ou 'sA sak) juounean unidse ‘(snonunuod) [N 10§ paisnipe sisA[eue payynens
oy

9-"I JO omenb Yoo UIYIIM SUBIPIW UO Paseq J[qELIEA [BUIPIO [OAJ[-{ & SUISN 1S9) QI00S WOI dn[eA-d

4

(own dn-mo[[oJ pue snyels Suryows ‘a3e) s10joej Jurydrew pue (ou ‘sa sak) Juounean utidse ‘(snonunuod) [N J10J paysnlpe sdnoi3qns 1ooues eisoid pue 1ooued eisoid [810) Jo sIsATeuy

NIH-PA Author Manuscript

100 (SO'T0£0°950  BI'TSED 90 (€TT 190 LI'T (GO 00'] (1D %$6) 4O
(£€€) 69 (£ €L (8'81) 6¢ (9T 9T (%) N ‘sjonuo)
(690 L9 (L6D ¥L (€D 89 (oD o (%) N ‘saseD)
/B 6T =
600  (8E€TTEO YT (€0€€TDEGT  (OLTLLOIIT (9 00'] (1D %56) 4O
(561 09 (T81) 98 (T60) 06 (I'€©) 201 (%) N ‘sfonuo)
00'12-1T°T 17T-S€°'1 SE'T-06'0 06'0—€1°0
v € (4 1

£onIeA-d

(Twy/3d ‘93uey) snrend) ewseld 911

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



Page 16

Stark et al.

(+'90) €6

(1'c0) 8L

(TS0 68 (£92) €6 (%) N ‘saseD
W/3Y 67>

INg

01°0 (€TSLOT) LET
(Tve) LT

600  (16T'L8'0)6S'T
(#°0€) 8¢

LSO (€8'T°08°0) IT'T
(@80 66

(0L°€¥L'0) §9'T
0+ 61

(LeTTLO) IET
#90) €€

(8€'1°09°0) 16'0
a1ovL

(9¢v °€6'0) 10T (G99 00°T (ID %56) YO
(6°L0) T (6€D 11 (%) N ‘sese)
palenuaIa)Ip A[1004/0—8 UOSLI[D)
(98'T°95°0) €0'T () 00'T (ID %56) YO
(910 LT 9190 LT (%) N ‘sese)
[ UOSBI[D)
(98'1°98°0)9T'T  (J9¥) 00'T (ID %56) YO
($°82) 001 (TTO 8L (%) N ‘sese)
PAIBNUIIJIP [[9A/9—C UOSBI[D

Y apeisd Jowny,

Lzo  (T9T08°0) SY'T
(909 v

6v'0  (TLTIL0) PI'T
(§'80) 001

(20T'190) 111
(6'€0) ¢

(T€'1°85°0) 88°0
L109L

(80TS0 91T (R 001 (1D %$6) YO

(940 €€ (6700 8T (%) N ‘soseD)
(IN/IN/PL/EL) onersoxd-enxg

(LSTTLOLOT (R 001 (1D %$6) YO

(65D 16 (6€0) ¥8 (%) N ‘soseD)
(T1/1.1) pazIeooT]

Y aSe)s Jown,

110 (S6'1°96'0) LE'T

ISTvL'0) 90T

OLT°98°0)1TT (G99 00'T (ID %56) YO

(L62) 6L1 (I'€0) 6€1 (6'S7) 951 (€120) 8¢1 (%) N ‘saseD)
,ooued areysoxd [y
6Cl (31 8CI 8CI N ‘sjonuo)
0TS’ IST-9L°0 SL0-LE0 9€°0-70°0
4 € (4 !
FRUULIN (/3w ‘a3uey) smaen) ewseld JAD

NIH-PA Author Manuscript

€9|qel

NIH-PA Author Manuscript

uoIss9I301 O1ISISO] [RUOTIPUOIUN WOI Jooued dye)sold pue [0Ad] ewise[d J3¥D 10J S[BAIIUT JOUIPIJUOD 9 GG PUR SOIRI SPPO

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



Page 17

Stark et al.

(ToA9]

d¥D [euIpIo pue JJAg snowojoydip) go'( = UONIBINUI] ¢(own dn-mo[[o} pue sme)s Surjows ‘a3e) s10)oej Surydojew pue (ou ‘sa sak) Juowean utidse (snonunuod) [N 10 paisnlpe sisA[eue paynens
+

d¥D Jo o[naenb yoes UM SURIPIW UO PIseq S[qeLIBA [RUIPIO [9AJ]-{ B SUISN 1S9) 9100S WOIJ aN[eA-d

4

pajeatpur

9s1mIay)o ssofun (dwny dn-mo[[oJ pue snyels Surjows ‘age) s10joey Juryorew pue (ou “sa sak) Juounean urdse ‘(snonunuod) [N J0j parsnlpe sdnoi3qns 1ooues Aeisord pue 1ooued eisoid (810 Jo sIsAeuy
£

NIH-PA Author Manuscript

950 (S9T°6¥'0)06'0  (E€'T'8€'0)TLO  (STT¥9'0) 0T T (W) 00°1 (ID %56) YO

(8'€e) 0L ('0€) €9 (810 s 0+ 62 (%) N ‘sjonuo)
(S7€) 98 (S¥0) 19 (6'92) L9 (TvD) s¢ (%) N ‘sase)
/BN ST 2

200 (LTG0 D ELT (861080 9TT  (ELTSLO PI'T (W) 00T (ID %$6) 4O
(T61) 65 L1019 (0'L2) €8 (179 66 (%) N ‘slonuo)
0°Tr—2s'T IST-9L°0 SL'0-LE0 9€"0-20°0

v € 4 I
ko.:«?m (1/8w ‘93uey) smaen() ewseld S

NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



Page 18

Stark et al.

NIH-PA Author Manuscript

s[oA9 ese[d JO 9[1)I9) Yord UIYIIM UBIPIW AU} UO PISEQ J[GBLIBA [EUIPIO [9AS][-{ € SUISN 159) 9I00S WOLJ anpead

(snonunuod) NG pue opesd ‘o3e)s Jown) ‘Sisouserp je o5e 10 paysnlpy
ES

610 (BTEESO IET  (98°€°690) 85T  (8TTICV) #8°0 (R 00'T  (ID %S6) ¥H
L T 86 Ly N ‘ST=INYG
120 ISEOLMPIT  (OLELLO) 69T  (69°1°620)690 (D 00T (D %S6) IH
8L 8L €6 €01 N ‘St>INd
800 (99780 8% T (€0€ ¥6°0) 89T (ST IF0)6L0 () 00T (1D %S6) YH
0S1 0S1 161 0S1 N ‘sosed [y
£ geez-oLT 89'T-18°0 £8°0-TH°0 T50-70°0
v € 4 I
(/3w ‘93uey) AWML, JUD
$9°0 (88°1°96°0) T80  (SLTHP0)OI'T (961 °8€°0)98°0 (R 00T (D %S6) YH
T 9 S9 8% N ‘ST=INdG
200 (Is€980 LT  (09T°SE0)SL0  (LI'T6I0) L0 (2D 00T (D %S6) ¥H
8L L8 8 201 N ‘ST>ING
810 O1ZIL0cTt  @1s#00080 (TTTLE0) 890 (D 00T  (ID %S6) ¥H
0S1 IS1 0S1 IS1 N ‘sased [y
0ITHI'T €161 8€'1-56°0 $6°0-€1°0
v € 4 I
LonIeA-d (Twy/3d ‘93uey) AN, 9-11

,uorssargoid xoued dpeysoxd pue ad£jouss ‘o[nio) ewseld J0J S[EAISIUL SOUSPIJUOD 9 G6 PUB SONRI pIeZeH

v aiqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2010 June 1.



