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Experimental and prevalent case-control studies suggest an association between biomarkers of inflammation,

endothelial function, and adiposity and cancer risk, but results from prospective studies have been limited. The

authors’ objective was to prospectively examine the relations between these biomarkers and cancer risk. A

nested case-control study was designed within the Supplémentation en Vitamines et Minéraux Antioxydants

(SU.VI.MAX) Study, a nationwide French cohort study, to include all first primary incident cancers diagnosed

between 1994 and 2007 (n = 512). Cases were matched with randomly selected controls (n = 1,024) on sex, age

(in 2-year strata), body mass index (weight (kg)/height (m)2; <25 vs. ≥25), and SU.VI.MAX intervention group.

Conditional logistic regression was used to study the associations between prediagnostic levels of high-

sensitivity C-reactive protein (hs-CRP), adiponectin, leptin, soluble intercellular adhesion molecule 1 (sICAM-1),

soluble vascular cell adhesion molecule 1, soluble E-selectin, and monocyte chemoattractant protein 1 and

cancer risk. All statistical tests were 2-sided. Plasma sICAM-1 level was positively associated with breast cancer

risk (for quartile 4 vs. quartile 1, multivariate odds ratio (OR) = 1.86, 95% confidence interval (CI): 1.06, 3.26;

Ptrend = 0.048). Plasma hs-CRP level was positively associated with prostate cancer risk (for quartile 4 vs.

quartile 1, multivariate OR = 3.04, 95% CI: 1.28, 7.23; Ptrend = 0.03). These results suggest that prediagnostic hs-

CRP and sICAM-1 levels are associated with increased prostate and breast cancer risk, respectively.

breast neoplasms; case-control studies; C-reactive protein; intercellular adhesion molecule 1; neoplasms;

prostatic neoplasms

Abbreviations: CI, confidence interval; CRP, C-reactive protein; hs-CRP, high-sensitivity C-reactive protein; ICAM-1, intercellular

adhesion molecule 1; MCP-1, monocyte chemoattractant protein 1; OR, odds ratio; Q, quartile; SD, standard deviation; sICAM-1,

soluble intercellular adhesion molecule 1; SU.VI.MAX, Supplémentation en Vitamines et Minéraux Antioxydants; sVCAM-1,

soluble vascular cell adhesion molecule 1.

Editor’s note: An invited commentary on this article
appears on page 14.

The identification of prediagnostic biomarkers associated
with subsequent cancer risk is a key challenge. Markers of
inflammation, adiposity, and endothelial adhesion may be
good candidates (1–4). C-reactive protein (CRP), which is
produced in the liver in response to elevated cytokine

levels after an inflammatory stimulus, is a widely used sys-
temic biomarker for diagnosing acute and chronic inflam-
mation (5). White adipose tissue plays a critical role in the
regulation of inflammatory processes, as an endocrine
organ, and produces adipokines (6). Leptin is a proinflam-
matory adipokine inducing T helper 1 cells. Its serum level
strongly correlates with proportion of body fat stores. Con-
versely, adiponectin production is decreased in obesity and
generally acts as an antiinflammatory factor. Adhesion
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Table 1. Baseline Characteristics of Cancer Cases and Controls, SU.VI.MAX Cohort, France, 1994–2007

Breast Cancer Cases
(n = 218 cases)

Prostate Cancer Cases
(n = 156 cases)

Overall Cancer Cases
(n = 512)

Controls
(n = 1,024) P Valuea

No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)

Age, years 49.2 (6.1) 54.9 (4.8) 51.4 (6.1) 51.5 (6.1) 0.9

Sex 1.0

Male 229 44.7 458 44.7

Female 283 55.3 566 55.3

Body mass indexb 0.3

<25 164 75.2 74 47.4 314 61.3 628 61.3

25–<30 37 17.0 67 43.0 150 29.3 323 31.5

≥30 17 7.8 15 9.6 48 9.4 73 7.1

Height, cm 162.8 (6.2) 173.4 (6.7) 167.6 (8.3) 166.7 (8.3) 0.05

Intervention group 1.0

Yes 109 50.0 73 46.8 258 50.4 516 50.4

No (placebo) 109 50.0 83 53.2 254 49.6 508 49.6

Smoking status 0.001

Never smoker 126 57.8 63 40.4 245 47.9 516 50.4

Former smoker 46 21.1 75 48.1 175 34.2 392 38.3

Current smoker 46 21.1 18 11.5 92 18.0 116 11.3

Alcohol intake, g/day 9.2 (11.2) 24.1 (19.9) 16.6 (18.6) 14.9 (16.7) 0.06

Physical activity 0.2

Low 64 29.4 35 22.4 129 25.2 259 25.3

Moderate 75 34.4 40 25.6 156 30.5 273 26.7

High 79 36.2 81 51.9 227 44.3 492 48.1

Educational level, years 0.3

<12 130 59.6 89 57.1 306 59.8 584 57.0

≥12 88 40.4 67 43.0 206 40.2 440 43.0

PSA level for men, ng/mL 3.6 (3.6) 2.9 (3.3) 1.3 (1.5) <0.0001

PSA category for men, ng/mL <0.0001

<3 96 61.5 164 71.6 425 92.8

≥3 60 38.5 65 28.4 33 7.2

Plasma hs-CRP level, mg/L 2.1 (4.3) 2.5 (5.1) 2.5 (5.9) 2.1 (4.5) 0.006

Plasma sICAM-1 level, ng/mL 247.0 (80.0) 245.2 (65.5) 253.2 (80.0) 240.3 (65.4) 0.005

Plasma sVCAM-1 level, ng/mL 689.5 (226.9) 682.5 (194.6) 689.0 (233.9) 683.8 (200.7) 0.8

Table continues
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molecules such as E-selectin, intercellular adhesion mole-
cule 1 (ICAM-1), vascular cell adhesion molecule 1, and
the chemokine monocyte chemoattractant protein 1 (MCP-1)
are important in cell–cell and cell–basement membrane
interactions. They are also intimately involved in inflamma-
tory reactions (7).

For all of these biomarkers, a role in carcinogenesis has
been postulated, notably based on prevalent case-control
studies that have reported higher serum/plasma levels of
CRP (2), leptin (3), and soluble adhesion molecules (7–9)
and lower levels of adiponectin (1) in patients with cancer
compared with controls, for various cancer sites. Studies on
single nucleotide polymorphisms in the genes of CRP (10,
11), adipokines (12–14), and soluble adhesion molecules
(15–17) have also suggested that these markers may affect
cancer risk. The prognostic use of these markers has also
been demonstrated in many forms of cancer (18–21).
However, few prospective studies published so far have
provided relevant analyses to investigate the relations
between these biomarkers and cancer risk, and where
results exist they are conflicting (22–28).

Thus, our objective was to prospectively examine the re-
lations between biomarkers of inflammation, adiposity, and
endothelial function and development of cancer.

MATERIALS AND METHODS

Study population

The Supplémentation en Vitamines et Minéraux Anti-
oxydants (SU.VI.MAX) study was a population-based,
double-blind, placebo-controlled, randomized trial initially
designed to assess the relation of daily antioxidant supple-
mentation to the incidence of cardiovascular disease and
cancer (29). A total of 13,017 subjects were enrolled
throughout France in 1994–1995. The intervention study
lasted 8 years, and follow-up for health events was main-
tained until July 2007. Subjects provided written informed
consent, and the study was approved by the Ethical Com-
mittee for Studies with Human Subjects at the Paris-Cochin
Hospital and the Commission nationale de l’informatique
et des libertés.

Baseline data collection

At enrollment, all participants underwent a clinical ex-
amination and had anthropometric measurements taken by
study nurses and physicians. They completed question-
naires on sociodemographic data, smoking, alcohol intake,
and physical activity. A 35-mL venous blood sample was
collected in Vacutainer tubes (Becton Dickinson, Rungis,
France) from participants who had been fasting for 12
hours at the time of the visit. Blood samples were centri-
fuged immediately after blood draw, and plasma aliquots
were then preserved in sodium heparin. Less than 1 hour
after blood draw, plasma aliquots were stored at −20°C in
dry ice for shipment to the central biobank (maximum 24
hours), where they were stored frozen in liquid nitrogen
(−70°C). For male participants, total prostate-specific
antigen level was measured by immunometry (RocheT
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Diagnostics, Mannheim, Germany) using a specific anti-
body with a highly sensitive technique standardized to the
reference Stanford material (30).

Cases ascertainment

Confirmed or suspected events were self-declared by
subjects during the follow-up process. Investigations were
conducted in all cases to obtain medical data from partici-
pants, physicians, and/or hospitals. All information was re-
viewed by an independent expert committee, and cases
were validated by pathologic report and classified using the
International Classification of Diseases, Tenth Revision,
Clinical Modification.

Nested case-control study

Among the 890 first primary invasive incident cancer
cases diagnosed between inclusion in the SU.VI.MAX
cohort in 1994 and July 2007, 368 had missing data for
body mass index (weight (kg)/height (m)2; measured during

the clinical examination) or for a prediagnostic blood sample
at baseline and were not included in the present study. Ten
cases were further excluded because no control was avail-
able in the cohort with the required matching criteria. For
each cancer case, 2 controls were randomly selected from
participants of identical sex, age (in 2-year strata), body
mass index (<25 vs. ≥25), and intervention group, with
complete follow-up and without cancer diagnosis by the
end of follow-up.
Baseline plasma samples of the corresponding subjects

were used to determine the levels of high-sensitivity CRP
(hs-CRP), leptin, adiponectin, soluble ICAM-1 (sICAM-1),
soluble vascular cell adhesion molecule 1 (sVCAM-1),
soluble E-selectin, and MCP-1. Biomarkers’ levels were
determined with an enzyme-linked immunosorbent assay
sandwich technique (R&D Laboratory Systems, Minneapo-
lis, Minnesota). Three samples of known concentrations
were tested in 30 separate assays to assess interassay preci-
sion. Three samples of known concentrations were tested
20 times on 1 plate to assess intraassay precision. The intra-
assay and interassay coefficients of variation were all less

Table 2. Odds Ratios for the Relations Between Biomarkers of Inflammation, Endothelial Function, and Adiposity and Overall Cancer Risk

From Conditional Logistic Regression Analysesa, SU.VI.MAX Cohort, France, 1994–2007

No. of
Cases

No. of
Controls

Unadjustedb Results
Results From

Multivariate Modelc

Results From Multivariate
Model Including All
Studied Biomarkers

OR 95% CI OR 95% CI OR 95% CI

hs-CRP

Q1 111 272 1 Reference 1 Reference 1 Reference

Q2 124 261 1.17 0.86, 1.60 1.18 0.86, 1.62 1.20 0.87, 1.66

Q3 119 265 1.13 0.82, 1.55 1.08 0.78, 1.49 1.10 0.78, 1.53

Q4 158 226 1.81 1.32, 2.48 1.78 1.28, 2.47 1.78 1.26, 2.52

P for trend 0.0006 0.002 0.004

sICAM-1

Q1 113 269 1 Reference 1 Reference 1 Reference

Q2 129 258 1.21 0.89, 1.64 1.23 0.90, 1.67 1.32 0.96, 1.82

Q3 118 265 1.05 0.77, 1.43 1.05 0.77, 1.45 1.09 0.78, 1.53

Q4 152 232 1.56 1.16, 2.11 1.48 1.09, 2.02 1.51 1.06, 2.14

P for trend 0.012 0.035 0.068

sVCAM-1

Q1 139 244 1 Reference 1 Reference 1 Reference

Q2 121 265 0.81 0.60, 1.08 0.83 0.62, 1.13 0.80 0.59, 1.10

Q3 116 266 0.76 0.56, 1.04 0.77 0.56, 1.05 0.70 0.50, 0.97

Q4 136 249 0.95 0.71, 1.27 0.99 0.73, 1.34 0.85 0.61, 1.18

P for trend 0.7 0.9 0.3

Soluble E-selectin

Q1 126 257 1 Reference 1 Reference 1 Reference

Q2 134 250 1.08 0.81, 1.45 1.09 0.81, 1.47 1.00 0.74, 1.36

Q3 113 272 0.85 0.63, 1.16 0.84 0.62, 1.14 0.79 0.57, 1.09

Q4 139 245 1.17 0.86, 1.58 1.14 0.83, 1.56 1.01 0.72, 1.42

P for trend 0.7 0.9 0.5

Table continues
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than 10%. Hs-CRP had the lowest intraassay coefficient of
variation (1.6%), and MCP-1 had the highest (6.2%).
Hs-CRP had the lowest interassay coefficient of variation
(3.6%), and soluble E-selectin had the highest (9.1%).
Thirty specimens were measured as blinded duplicates on
separated plates and showed only small variations for the
second decimal digit. Cases and matched controls were
measured on the same plate, but the case/control status of
each sample within a plate was not known by the investiga-
tor (blinded determination). Specimens with values below
the detection limit were observed only for leptin, and they
represented only 2.5% of the totality of biologic samples.
These observations were handled by conferring on them
the detection limit value indicated by the manufacturer. For
the other analytes, no sample exhibited values below the
detection limit.

Statistical analyses

The participants’ baseline characteristics were compared
between cases and controls using Student’s t tests or χ2

tests. Associations between biomarkers and incident cancer
were examined with conditional logistic regression models
and expressed as odds ratios with 95% confidence intervals.
Associations of biomarkers with overall, breast, and pros-
tate cancer risk were successively tested. Associations
between each single biomarker and cancer risk were
studied in nonadjusted and multivariate models. Multivari-
ate models that simultaneously included all biomarkers were
also fitted. For all models, the odds ratios for sex-specific
quartiles and the odds ratios for a 1-standard-deviation (SD)
increase in the corresponding biomarker (considered as a
continuous variable) were both computed. Multivariate
models were adjusted for sex, age, body mass index, height,
SU.VI.MAX intervention group, alcohol intake, physical
activity, smoking status, educational level, and baseline
prostate-specific antigen level (for prostate cancer analyses
only). Further adjustment for other site-specific classical
risk factors was also tested: family history of breast cancer,
number of children, use of hormone replacement therapy for
menopause and menopausal status at baseline (in breast
cancer analyses), and family history of prostate cancer (in

Table 2. Continued

No. of
Cases

No. of
Controls

Unadjustedb Results
Results From

Multivariate Modelc

Results From Multivariate
Model Including All
Studied Biomarkers

OR 95% CI OR 95% CI OR 95% CI

MCP-1

Q1 119 261 1 Reference 1 Reference 1 Reference

Q2 130 258 1.11 0.82, 1.50 1.07 0.79, 1.46 1.03 0.75, 1.41

Q3 130 252 1.13 0.84, 1.53 1.09 0.80, 1.48 1.04 0.76, 1.42

Q4 133 253 1.16 0.85, 1.58 1.08 0.79, 1.48 1.03 0.74, 1.43

P for trend 0.3 0.6 0.6

Leptin

Q1 134 249 1 Reference 1 Reference 1 Reference

Q2 121 264 0.85 0.63, 1.16 0.82 0.60, 1.12 0.77 0.55, 1.06

Q3 126 258 0.91 0.67, 1.23 0.87 0.63, 1.20 0.82 0.58, 1.14

Q4 131 253 0.97 0.68, 1.38 0.84 0.56, 1.25 0.70 0.46, 1.07

P for trend 0.9 0.4 0.2

Adiponectin

Q1 1 Reference 1 Reference 1 Reference

Q2 135 248 0.83 0.61, 1.12 0.86 0.63, 1.17 0.87 0.63, 1.19

Q3 119 265 0.98 0.72, 1.33 1.04 0.76, 1.41 1.11 0.80, 1.52

Q4 134 251 0.88 0.65, 1.19 0.92 0.67, 1.26 0.92 0.66, 1.27

P for trend 124 260 0.6 0.9 1.0

Abbreviations: CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattractant protein-1; OR, odds

ratio; Q, quartile; sICAM-1, soluble intercellular adhesion molecule 1; SU.VI.MAX, Supplémentation en Vitamines et Minéraux Antioxydants;

sVCAM-1, soluble vascular cell adhesion molecule 1.
a Cutoffs for sex-specific quartiles were: hs-CRP—0.6, 1.1, 2.2 in men and 0.5, 0.9, 1.9 in women; sICAM-1—199.0, 243.8, 288.0 in men and

194.0, 232.0, 272.8 in women; sVCAM-1—532.6, 652.0, 786.0 in men and 538.0, 652.0, 800.0 in women; soluble E-selectin—41.5, 30.6, 51.4

in men and 23.6, 33.0, 42.9 in women; MCP-1—225.0, 267.0, 315.0 in men and 183.0, 222.0, 268.0 in women; leptin—2.4, 4.1, 6.6 in men and

5.9, 10.0, 17.0 in women; adiponectin—4.3, 6.4, 9.2 in men and 8.9, 12.0, 16.3 in women. All statistical tests were 2-sided.
b Cases and controls were matched by sex, age, body mass index, and SU.VI.MAX intervention group.
c Adjusted for sex, age, body mass index, height, SU.VI.MAX intervention group, alcohol intake, physical activity, smoking status, and

educational level.
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prostate cancer analyses). Two-way interactions between
each biomarker and smoking status were explored, but no
interaction was detected.
All statistical tests were 2-sided, and P < 0.05 was con-

sidered significant. All analyses were performed with SAS
software, version 9.1 (SAS Institute Inc., Cary, North
Carolina).

RESULTS

A total of 512 incident cancer cases were diagnosed
during follow-up: 218 breast cancers, 156 prostate cancers,
and 138 other cancers (50 colorectal cancers, 32 thyroid
cancers, 24 lung cancers, 20 skin melanomas, 8 esophagus
cancers, and 4 stomach cancers). Thus, a total of 512 sets
of 1 case and 2 matched controls were included for the
current analyses. Median follow-up time was 6.5 years in
cases and 13 years in controls. Characteristics of cancer
cases and noncases are described in Table 1. Overall cancer
cases were more frequently current smokers and had higher
prostate-specific antigen levels at baseline (for men).

In multivariate models, plasma hs-CRP level (for quartile
4 (Q4) vs. quartile 1 (Q1), odds ratio (OR) = 1.78, 95% con-
fidence interval (CI): 1.28, 2.47; P for trend = 0.002) and
plasma sICAM-1 level (for Q4 vs. Q1, OR = 1.48, 95% CI:
1.09, 2.02; P for trend = 0.035) were associated with in-
creased overall cancer risk (Table 2). When all biomarkers
were entered simultaneously into a multivariate model, the
association with hs-CRP remained statistically significant (P
for trend = 0.004), but the association with sICAM-1 became
borderline nonsignificant (P for trend = 0.068; Table 2).
Regarding findings on site-specific cancers, in the multi-

variate model including all biomarkers, sICAM-1 was sig-
nificantly associated with increased breast cancer risk (for
Q4 vs. Q1, OR = 1.86 (95% CI: 1.06, 3.26), P for
trend = 0.048 (Table 3); for a 1-SD increase, OR = 1.26
(95% CI: 1.03, 1.53), P = 0.02 (data not tabulated)). Hs-
CRP was significantly associated with increased prostate
cancer risk when data were considered as quartiles (for Q4
vs. Q1, multivariate OR = 3.04, 95% CI: 1.28, 7.23; P for
trend = 0.03) (Table 4), though this association was not de-
tected when hs-CRP was coded as a continuous variable

Table 3. Odds Ratios for the Relations Between Biomarkers of Inflammation, Endothelial Function, and Adiposity and Breast Cancer Risk

From Conditional Logistic Regression Analysesa, SU.VI.MAX Cohort, France, 1994–2007

No. of
Cases

No. of
Controls

Unadjustedb Results
Results From Multivariate

Modelc

Results From Multivariate
Model Including All
Studied Biomarkers

OR 95% CI OR 95% CI OR 95% CI

hs-CRP

Q1 52 112 1 Reference 1 Reference 1 Reference

Q2 55 109 1.09 0.68, 1.75 1.16 0.71, 1.88 1.30 0.77, 2.19

Q3 53 111 1.05 0.66, 1.67 0.93 0.57, 1.51 1.06 0.63, 1.79

Q4 58 104 1.24 0.75, 2.05 1.25 0.73, 2.14 1.40 0.79, 2.49

P for trend 0.5 0.7 0.4

sICAM-1

Q1 48 123 1 Reference 1 Reference 1 Reference

Q2 57 104 1.44 0.90, 2.32 1.47 0.90, 2.41 1.75 1.03, 2.98

Q3 49 116 1.07 0.67, 1.72 1.15 0.70, 1.89 1.43 0.83, 2.47

Q4 64 93 1.77 1.12, 2.81 1.57 0.97, 2.54 1.86 1.06, 3.26

P for trend 0.05 0.1 0.048

sVCAM-1

Q1 61 92 1 Reference 1 Reference 1 Reference

Q2 51 114 0.69 0.44, 1.08 0.72 0.46, 1.15 0.72 0.44, 1.17

Q3 50 123 0.61 0.38, 0.98 0.64 0.39, 1.04 0.56 0.33, 0.95

Q4 56 107 0.79 0.50, 1.25 0.84 0.51, 1.36 0.72 0.42, 1.24

P for trend 0.3 0.4 0.1

Soluble E-selectin

Q1 56 114 1 Reference 1 Reference 1 Reference

Q2 63 104 1.19 0.77, 1.84 1.25 0.80, 1.95 1.11 0.69, 1.79

Q3 45 116 0.80 0.50, 1.28 0.79 0.48, 1.28 0.72 0.42, 1.23

Q4 54 102 1.08 0.67, 1.74 1.02 0.61, 1.70 0.90 0.51, 1.60

P for trend 0.8 0.5 0.3

Table continues
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(for a 1-SD increase, OR = 1.03, 95% CI: 0.82, 1.30;
P = 0.8).

Further adjustment for other site-specific classical risk factors
did notmodify the findings. Sensitivity analysis excluding cases
that were diagnosed during the first 2 years of follow-up (54
cases) did not modify the results, nor did sensitivity analyses ex-
cluding subjectswith the highest hs-CRPvalues (>17.25 ng/mL
(i.e., mean +3 SDs); 18 subjects) (data not shown).

DISCUSSION

Plasma hs-CRP level was associated with increased
overall and prostate cancer risk in this prospective study.
A positive association between plasma sICAM-1 level and
risk of breast cancer was also observed, independently of
other known risk factors. Growing evidence from mechanis-
tic (31–33), genetic (10), and epidemiologic (2) studies
points to a role of inflammation in carcinogenesis (34).
Serum/plasma CRP level has been found to be elevated in
patients with various malignancies (35). Elevated CRP is
also a predictor of lower survival rates in patients with cancer

after surgical resection (35). It has been suggested that in-
flammation creates a tissue microenvironment where the reac-
tive oxygen and nitrogen species released by inflammatory
cells could cause potentially malignant DNA alterations (31)
and that some inflammatory cytokines and proteins in
chronic inflammation promote tumor growth (36).

Consistent with our finding, prospective studies have
shown a higher overall cancer risk in subjects with elevated
prediagnostic serum CRP levels (2, 11, 22, 24, 37, 38).
However, uncertainty remains as to whether this association
is restricted to certain cancer locations and which cancer
sites are of particular concern. Several studies have suggested
that increased lung cancer risk is particularly associated with
hs-CRP levels and could partly drive observations for overall
cancer risk (11, 39). In our study, the number of lung cancer
cases was insufficient to perform specific analysis for this
location. In contrast, consistent with our findings of a null
association between hs-CRP and breast cancer risk, a recent
meta-analysis found similar results; those authors reported
an odds ratio for breast cancer of 1.10 (95% CI: 0.97, 1.26)
for a log unit increase in CRP level (24).

Table 3. Continued

No. of
Cases

No. of
Controls

Unadjustedb Results
Results From Multivariate

Modelc

Results From Multivariate
Model Including All
Studied Biomarkers

OR 95% CI OR 95% CI OR 95% CI

MCP-1

Q1 52 114 1 Reference 1 Reference 1 Reference

Q2 54 110 1.08 0.68, 1.72 1.10 0.68, 1.79 1.04 0.63, 1.73

Q3 53 100 1.16 0.73, 1.85 1.25 0.77, 2.01 1.22 0.74, 2.00

Q4 59 112 1.17 0.73, 1.86 1.14 0.70, 1.85 1.09 0.66, 1.81

P for trend 0.5 0.5 0.5

Leptin

Q1 55 103 1 Reference 1 Reference 1 Reference

Q2 64 102 1.16 0.73, 1.83 1.09 0.67, 1.76 0.99 0.59, 1.65

Q3 51 116 0.80 0.51, 1.26 0.81 0.50, 1.33 0.75 0.44, 1.29

Q4 48 115 0.69 0.39, 1.20 0.64 0.34, 1.20 0.51 0.26, 1.02

P for trend 0.09 0.1 0.08

Adiponectin

Q1 58 110 1 Reference 1 Reference 1 Reference

Q2 48 119 0.77 0.49, 1.23 0.80 0.50, 1.30 0.83 0.50, 1.38

Q3 55 102 1.04 0.64, 1.68 1.12 0.68, 1.85 1.29 0.76, 2.21

Q4 57 105 1.04 0.65, 1.67 1.13 0.68, 1.87 1.15 0.67, 1.97

P for trend 0.6 0.4 0.3

Abbreviations: CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattractant protein-1; OR, odds

ratio; Q, quartile; sICAM-1, soluble intercellular adhesion molecule 1; SU.VI.MAX, Supplémentation en Vitamines et Minéraux Antioxydants;

sVCAM-1, soluble vascular cell adhesion molecule 1.
a Cutoffs for female-specific quartiles were: hs-CRP—0.5, 0.9, 1.9; sICAM-1—194.0, 232.0, 272.8; sVCAM-1—538.0, 652.0, 800.0; soluble

E-selectin—23.6, 33.0, 42.9; MCP-1—183.0, 222.0, 268.0; leptin—5.9, 10.0, 17.0; adiponectin—8.9, 12.0, 16.3. All statistical tests were

2-sided.
b Cases and controls were matched by sex, age, body mass index, and SU.VI.MAX intervention group.
c Adjusted for age, body mass index, height, SU.VI.MAX intervention group, alcohol intake, physical activity, smoking status, and educational

level.
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In our prospective study, the positive association with
hs-CRP was observed for prostate cancer risk. In contrast
with our findings, previous results from prospective studies
investigating the relation between CRP and prostate cancer
(11, 22, 24, 28, 37, 38, 40–42) have been mostly nonsignif-
icant, as was shown in a recent meta-analysis (24).
However, most of these studies included few prostate
cancer cases (fewer than 100) (24, 37, 38), did not measure
CRP with a high-sensitivity assay (28, 38), or focused only
on men aged 65 years and older (41). As for the remaining
studies, results are conflicting. Three studies obtained non-
significant results (11, 22, 40), but two of them were not
specifically designed to explore cancer of the prostate (11,
22). In contrast, Stark et al. (42) observed that CRP level
was positively associated with increased risk of prostate
cancer (all grades) among normal-weight men and with
increased risk of high-grade prostate cancer among all
subjects. Thus, further large prospective studies are
needed to better understand whether CRP levels are asso-
ciated with incident prostate cancer. In a recent study,

Meyer et al. (43) showed that persons who were homozy-
gous for the variant allele of rs12757998 had both an in-
creased risk of prostate cancer and increased CRP levels,
suggesting a link between genetic variation in the
RNASEL gene (encoding ribonuclease L) and prostate
cancer risk, potentially mediated through inflammation.
Regarding prognostic studies, CRP has been observed to
be an adverse prognostic marker for men with castration-
resistant prostate cancer (21). CRP haplotype is also asso-
ciated with high prostate-specific antigen level as a marker
of metastatic prostate cancer (44).
Several prevalent case-control studies have observed

higher circulating levels of sICAM-1 in breast cancer cases
compared with controls (7–9). Genetic studies showed that
some single nucleotide polymorphisms on the ICAM-1 gene
were associated with increased breast cancer risk (16, 17, 45),
although this point is debated (46). Higher levels of sICAM-
1 were also associated with poorer clinicopathologic features
(such as number of metastases and response to chemo-endo-
crine therapy) and poorer overall survival in a prognostic

Table 4. Odds Ratios for Each Biomarker and Prostate Cancer Risk From Conditional Logistic Regression Analysesa, SU.VI.MAX Cohort,

France, 1994–2007

No. of
Cases

No. of
Controls

Unadjustedb Results
Results From Multivariate

Modelc

Results From
Multivariate Model

Including All Studied
Biomarkers

OR 95% CI OR 95% CI OR 95% CI

hs-CRP

Q1 28 82 1 Reference 1 Reference 1 Reference

Q2 41 84 1.43 0.80, 2.56 1.76 0.84, 3.69 2.06 0.90, 4.71

Q3 35 83 1.23 0.66, 2.31 1.70 0.77, 3.75 1.83 0.75, 4.48

Q4 52 63 2.56 1.41, 4.65 2.52 1.18, 5.39 3.04 1.28, 7.23

P for trend 0.04 0.03 0.03

sICAM-1

Q1 39 82 1 Reference 1 Reference 1 Reference

Q2 43 82 1.10 0.65, 1.85 1.30 0.68, 2.52 1.19 0.56, 2.50

Q3 37 75 1.03 0.59, 1.82 1.33 0.64, 2.76 1.10 0.49, 2.47

Q4 37 73 1.07 0.62, 1.83 1.36 0.69, 2.69 1.00 0.43, 2.34

P for trend 0.9 0.4 0.8

sVCAM-1

Q1 35 72 1 Reference 1 Reference 1 Reference

Q2 39 79 1.02 0.58, 1.78 1.06 0.51, 2.20 0.85 0.36, 1.99

Q3 42 83 1.04 0.60, 1.81 1.05 0.50, 2.22 0.86 0.36, 2.07

Q4 40 78 1.05 0.61, 1.81 1.33 0.66, 2.71 1.16 0.50, 2.70

P for trend 0.8 0.4 0.6

Soluble E-selectin

Q1 43 72 1 Reference 1 Reference 1 Reference

Q2 37 83 0.77 0.45, 1.29 0.81 0.41, 1.59 0.66 0.31, 1.42

Q3 33 81 0.69 0.40, 1.20 0.80 0.41, 1.56 0.64 0.30, 1.35

Q4 43 76 0.97 0.56, 1.65 1.22 0.61, 2.43 0.84 0.38, 1.88

P for trend 0.8 0.6 0.8

Table continues
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study of metastatic breast cancer (20). However, to the best of
our knowledge, our study is the first to have investigated the
prospective association between prediagnostic level of
sICAM-1 and breast cancer risk. The observed positive asso-
ciation is supported by mechanistic plausibility. Indeed, it has
been demonstrated experimentally that sICAM-1 stimulates
angiogenesis and neovascularization (47, 48), endothelial cell
migration and differentiation (48), and tumor growth (49). In
the present study, the association between studied biomarkers
and breast cancer risk varied slightly between the model with
each biomarker included separately and the model with all
biomarkers included simultaneously, the association being
stronger for sICAM-1 in the latter model. This probably
results from the mechanistic interrelations between the studied
biomarkers of endothelial adhesion, inflammation and adipos-
ity. Indeed, it is known that leptin and adiponectin generally
act as pro- and antiinflammatory factors, respectively (6), and
that the synthesis of adhesion molecules (such as sICAM-1) is
stimulated both by leptin and by proinflammatory cytokines
(49, 50). The mechanistic synergy between all studied bio-
markers is better taken into account in the model which

included them all simultaneously. In our study, sICAM-1 was
moderately associated with E-selectin, sVCAM-1, MCP-1,
and hs-CRP, while its associations with leptin and adiponectin
were weaker (Pearson correlation coefficients were 0.4, 0.3,
0.2, 0.2, 0.07, and 0.01, respectively; data not tabulated).

Strengths of our study included the use of multiple biomark-
ers, the nested case-control design, the reasonably large total
number of cancers, and the strong priors. Some limitations
should be acknowledged. First, a unique measurement of bio-
markers at baseline was performed, and no indication was avail-
able regarding transient acute infection (cold, throat infection,
etc.) concomitant to blood draw. For some biomarkers such as
hs-CRP, although the probability of differential bias between
cases and controls is low, this limitation could lead to an attenu-
ation of the strengths of observed associations because of intra-
individual variation (51). This may have limited our ability to
detect an association between hs-CRP and breast cancer, but
conversely, this limitation is unlikely to explain the observed
relation between hs-CRP and prostate cancer risk, which was
statistically significant despite the potential attenuation of odds
ratios. Besides, information on intraclass correlation coefficients

Table 4. Continued

No. of
Cases

No. of
Controls

Unadjustedb Results
Results From Multivariate

Modelc

Results From
Multivariate Model

Including All Studied
Biomarkers

OR 95% CI OR 95% CI OR 95% CI

MCP-1

Q1 36 73 1 Reference 1 Reference 1 Reference

Q2 49 78 1.27 0.74, 2.19 1.13 0.58, 2.22 1.10 0.51, 2.36

Q3 38 79 0.98 0.55, 1.74 0.87 0.42, 1.78 0.66 0.29, 1.50

Q4 33 82 0.83 0.47, 1.46 0.59 0.29, 1.21 0.52 0.24, 1.14

P for trend 0.3 0.09 0.07

Leptin

Q1 46 81 1 Reference 1 Reference 1 Reference

Q2 27 90 0.54 0.30, 0.96 0.47 0.22, 0.97 0.42 0.19, 0.95

Q3 42 74 1.02 0.59, 1.76 0.89 0.44, 1.77 0.88 0.41, 1.91

Q4 41 67 1.19 0.64, 2.22 0.69 0.27, 1.75 0.58 0.20, 1.68

P for trend 0.3 0.9 0.7

Adiponectin

Q1 37 74 1 Reference 1 Reference 1 Reference

Q2 39 84 0.92 0.54, 1.58 0.90 0.45, 1.80 0.78 0.37, 1.65

Q3 40 81 0.99 0.57, 1.71 1.38 0.69, 2.76 1.36 0.63, 2.94

Q4 40 73 1.10 0.64, 1.90 1.34 0.68, 2.61 1.18 0.56, 2.48

P for trend 0.7 0.3 0.1

Abbreviations: CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattractant protein-1; OR, odds

ratio; Q, quartile; sICAM-1, soluble intercellular adhesion molecule 1; SU.VI.MAX, Supplémentation en Vitamines et Minéraux Antioxydants;

sVCAM-1, soluble vascular cell adhesion molecule 1.
a Cutoffs for male-specific quartiles were: hs-CRP—0.6, 1.1, 2.2; sICAM-1—199.0, 243.8, 288.0; sVCAM-1—532.6, 652.0, 786.0; soluble

E-selectin—41.5, 30.6, 51.4; MCP-1—225.0, 267.0, 315.0; leptin—2.4, 4.1, 6.6; adiponectin—4.3, 6.4, 9.2. All statistical tests were 2-sided.
b Cases and controls were matched by sex, age, body mass index, and SU.VI.MAX intervention group.
c Adjusted for age, body mass index, height, SU.VI.MAX intervention group, alcohol intake, physical activity, smoking status, educational

level, and baseline prostate-specific antigen level.
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over time is available in the literature for each studied biomarker
measured in plasma samples. The reported intraclass correlation
coefficients over time were relatively high (0.59 for hs-CRP,
0.86 for E-selectin, 0.62 for sVCAM-1, 0.64 for sICAM-1,
0.70–0.75 for MCP-1, 0.74–0.82 for leptin, and 0.81 for adipo-
nectin), demonstrating that a single blood sample can be used in
prospective epidemiologic studies for these biomarkers (52, 53).
Second, controls were selected among persons who had

complete follow-up without cancer (and were alive) as of the
study end date, without matching on follow-up time. Thus,
odds ratios should not be directly extrapolated as rate ratios in
our study, since the hypothesis of stability of the exposure
distribution over time was probably not fully respected (54).
In addition, this may have contributed to driving risk esti-
mates away from the null if the studied biomarkers have
causal deleterious effects on the risk of mortality. However,
among subjects who did not develop cancer during follow-up
in our cohort (i.e., potential controls), the mortality rate
(1.1%) and the rate of loss to follow-up (5.2%) were relative-
ly low, limiting the potential for bias.
Next, while the number of total cancers was reason-

ably large, the number of cancers at any given site was rel-
atively small. This represents a limitation because of
heterogeneity in associations by cancer site. In addition,
there may be heterogeneity of association even within a
cancer site (e.g., localized vs. advanced prostate cancer
(42)), but the number of cases in the current study was too
small to allow for such a stratified analysis.
Lastly, observed relations could be partly affected by un-

measured or residual confounding. However, a broad range
of usual risk factors was accounted for, including specific
adjustment factors depending on cancer location.
Our study adds to the current knowledge on inflamma-

tion-, adiposity-, and endothelial function-related pathways
to development of cancer. For the first time, we have shown
a prospective positive association between plasma sICAM-1
level and breast cancer risk. In addition, we observed a pos-
itive relation between prediagnostic hs-CRP level and pros-
tate cancer risk, which provides new insights in a context of
conflicting literature. Large prospective studies are needed
to confirm the pertinence of these biomarkers in cancer risk
prediction. If these results are confirmed in validation
studies, this could lead to better identification of persons at
risk of developing cancer and result in more efficiently tar-
geted cancer screening campaigns.
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