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Abstract
Background: Some studies suggest that elevated serum
insulin-like growth factor (IGF)-I concentrations are associated with an increased risk of prostate cancer and, in
particular, with an increased risk of advanced-stage prostate
cancer.
Methods: We analyzed the association between prediagnostic
serum concentrations of IGF-I and IGF-binding protein-3
(IGFBP-3) and prostate cancer risk in a case-control study
nested in the European Prospective Investigation into Cancer
and Nutrition. This study includes 630 incident prostate
cancer cases and 630 matched control subjects. Odds ratios
and their 95% confidence intervals (95% CI) were calculated
for prostate cancer risk associated with increasing IGF-I and
IGFBP-3 concentrations using conditional logistic regression.
Results: The risk of total prostate cancer in the highest versus
the lowest third of serum peptide concentration was 1.35
(95% CI, 0.99-1.82; P trend = 0.08) for IGF-I, 1.39 (95% CI, 1.02-

1.89; P trend = 0.12) for the IGF-I residuals after adjusting for
IGFBP-3, 1.22 (95% CI, 0.92-1.64; P trend = 0.38) for IGFBP-3,
and 1.01 (95% CI, 0.74-1.37; P trend = 0.75) for the IGFBP-3
residuals after adjusting for IGF-I. There was no significant
difference in the association of peptide hormones and
prostate cancer by stage of disease, although the association
of serum IGF-I concentration with risk was slightly stronger
for advanced-stage disease; the odds ratio for the highest
versus the lowest third was 1.65 (95% CI, 0.88-3.08; P trend =
0.21) for IGF-I and 1.76 (95% CI, 0.92-3.40; P trend = 0.11) for
IGF-I adjusted for IGFBP-3.
Conclusions: In this large nested case-control study, serum
IGF-I concentration is not strongly associated with prostate
cancer risk, although the results are compatible with a small
increase in risk, particularly for advanced-stage disease; no
association for IGFBP-3 was observed. (Cancer Epidemiol
Biomarkers Prev 2007;16(6):1121 – 7)
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Introduction
Prostate cancer is the most common cancer in men in many
Western countries and is the second most common cause of
cancer death (1). Despite the major effect of prostate cancer on
public health, little is known about the etiology of the disease
and the only established risk factors are age, ethnicity, and a
family history of the disease (2).
Insulin-like growth factor (IGF)-I is a peptide growth factor
that is primarily produced in the liver along with IGF-binding
protein-3 (IGFBP-3). IGF-I is involved in multiple cellular
responses related to growth, including synthesis of DNA,
RNA, and cellular proteins (3). IGF-I stimulates cell proliferation and inhibits cell death in most tissue types (4), including
normal and malignant prostate cancer cells (5, 6). The
bioavailability of circulating IGF-I is complex; six IGFBPs
have been identified, the most abundant of which is IGFBP-3.
This protein binds approximately 75% to 90% of circulating
IGF-I, together with an acid-labile subunit, and is therefore
thought to be an important determinant of the amount of IGF-I
available to enter target tissues and reach IGF-I cellular receptors
(3). In addition to its effects on IGF-I bioactivity, IGFBP-3 has
been shown to independently influence cell growth and survival
and to promote apoptosis in prostate cancer cell lines (7).
There is considerable between-person variation in the
circulating concentrations of IGF-I and their binding proteins
that are determined by genetic and environmental factors (3, 8).
This variation may be important because evidence from a metaanalysis of six epidemiologic studies suggests that elevated
levels of serum IGF-I, expressed either as absolute concentrations or relative to levels of IGFBP-3, may be associated with
an increased risk of prostate cancer (9), although findings from
more recent prospective studies (10-17) and studies not
included in the meta-analysis (18-20) are inconsistent. In
particular, there is growing evidence that serum IGF-I levels
are more strongly associated with advanced-stage disease than
localized disease (12, 17, 18), suggesting that IGF-I may be
associated with tumor aggressiveness. Data on the association
of circulating IGFBP-3 levels with prostate cancer risk are
conflicting; some prospective studies have found elevated
IGFBP-3 concentrations to be associated with an increase in
prostate cancer risk (13, 15, 16, 21), whereas other studies have
reported null (19, 22) or nonsignificant reductions in risk with
IGFBP-3 (10, 12, 14, 17, 23).
The aim of the present study is to investigate associations
between prediagnostic serum concentrations of IGF-I and
IGFBP-3 and prostate cancer risk among 630 men with incident
prostate cancer and 630 matched controls in the European
Prospective Investigation into Cancer and Nutrition (EPIC) and
to evaluate these associations by stage and grade of disease.

Materials and Methods
Study Cohort. EPIC recruitment procedures and collection
of questionnaire data, anthropometric measurements, and
blood samples have been described in detail elsewhere (24).
In brief, extensive standardized questionnaire data on dietary
and nondietary variables were collected between 1991 and
2001 from about 370,000 women and 150,000 men across
Europe, and a blood sample was collected from f400,000 of
these individuals (37% of whom were male). The present study
includes prostate cancer cases occurring after blood collection
and their matched control subjects from 7 of the 10
participating countries: Denmark, Germany, Greece, Italy, the
Netherlands, Spain, and the United Kingdom. France and
Norway were not included in the present study because these
cohorts only included women; Sweden was not included
because prostate cancer cases in this country had been
included in a previous study (21).

A 30 mL blood sample was collected according to a
standardized protocol. Filled tubes were kept at 5jC to 10jC,
protected from light, and transferred to a local laboratory for
further processing and aliquoting, with the exception of
subjects recruited through the Oxford center. Here, blood
samples were collected throughout the United Kingdom and
transported to the laboratory in Norfolk by mail at ambient
temperature. Blood fractions (serum, plasma, red cells, and
buffy coat for DNA extraction) were aliquoted into 0.5 mL
straws, which were then heat sealed at both ends and stored in
liquid nitrogen tanks at 196jC, except in Denmark where
samples were stored in 1 mL tubes in nitrogen vapor at
150jC.
Follow-up for Cancer Incidence and Vital Status. In
Denmark, Italy, the Netherlands, Spain, and the United
Kingdom, incident cancer cases were identified through
record linkage with regional cancer registries. In Germany
and Greece, follow-up was based on a combination of
methods, including health insurance records, cancer and
pathology registries, and active follow-up through study
subjects and their next of kin. Data on vital status in most
EPIC study centers were collected from mortality registries at
the regional or national level, in combination with data
collected by active follow-up (Greece). For each EPIC study
center, closure dates of the study period were defined as the
latest dates of complete follow-up for both cancer incidence
and vital status (dates varied between centers, from June 1999
to January 2003).
Selection of Case and Control Subjects. Case subjects were
selected among men who developed prostate cancer after
their recruitment into the EPIC study and before the end of
the study period (defined for each study center by the latest
end-date of follow-up). Men who had prevalent cancer
(except nonmelanoma skin cancer) at the time of blood
collection and who had missing information on the date of
blood collection were excluded from the study. This analysis
includes 630 case patients and 630 matched control subjects,
who are also included in a collaborative analysis of genetic
and hormonal factors on prostate cancer risk (25) and for
whom IGF peptide measurements were available; results
from analyses of steroid sex hormones in relation to prostate
cancer risk are reported elsewhere.26 These 630 cases
included 79 men recruited in Denmark, 60 in Italy, 186 in
Germany, 9 in Greece, 25 in the Netherlands, 93 in Spain,
and 178 in the United Kingdom. For each case, one control
subject was chosen at random among appropriate risk sets
consisting of all cohort members alive and free of cancer
(except nonmelanoma skin cancer) at the time of diagnosis of
the index case. An incidence density sampling protocol for
control selection was used, such that control subjects could
include subjects who became a case later in time, whereas
each control could also be sampled more than once.
Matching criteria included study center, age at recruitment
(F6 months), time of the day of blood collection (F1 h), and
time between blood collection and last consumption of foods
or drinks (<3, 3-6, >6 h). All participants gave written
consent for future analyses of their blood samples, and
the study was approved by the local ethics committees in the
participating countries and the ethical review board of the
IARC.
Data on stage and grade of disease were collected from
each center, where possible. Four hundred and forty-one cases
(70%) had information on tumor-node-metastasis staging, or
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equivalent; of these, 303 (69%) were classified as localized
(tumor-node-metastasis staging score of T1-T2 and N0 and M0,
or equivalent) and 138 (31%) were classified as advanced
(T3/T4 and/or N1:N3 and/or M1, or equivalent). However, for
most cases, we were unable to determine whether these data
were derived from clinical or pathologic records. Data on
Gleason score (or equivalent) were available for 455 cases (72%);
of these, 309 (68%) were classified as low grade (Gleason score
<7, or equivalent) and 146 (32%) were classified as high grade
(Gleason score 7+, or equivalent). For cases where information
on both stage and grade were available, 76% of localized cases
were also classified as low grade and 57% of advanced cases
were also classified as high grade.
Laboratory Assays. Serum IGF-I and IGFBP-3 concentrations were measured by ELISAs from Diagnostic Systems
Laboratories. IGF-I assays included an acid-ethanol precipitation of IGF-I – binding proteins to avoid interference of
IGFBPs with the IGF-I assay. Cases were analyzed in the
same batch as their matched control, and each batch
contained three additional sera inserted for laboratory quality
control. All assays were done at IARC by laboratory
personnel who were blinded as to the case-control status of
the blood samples. Mean intrabatch coefficients of variation
were estimated to be 3.0% (at 5.72 nmol/L) for IGF-I and
5.3% (at 141 nmol/L) for IGFBP-3. Interbatch coefficients of
variations were 13.7% for IGF-I and 9.4% for IGFBP-3. The
lowest limits of detection, in terms of the lowest standard of
the standard curve, were 1.18 nmol/L for IGF-I and 8.75
nmol/L for IGFBP-3.
Statistical Analyses. Differences in baseline characteristics
between case and control subjects were compared using the
paired t test for continuous variables and the m2 test for
categorical variables. The correlations between the natural
logarithm of hormone concentration and continuous variables
(i.e., age, height, and weight) were assessed among the
controls using Pearson’s partial correlation coefficients, adjusted for age at blood collection, laboratory batch, and center. For
categorical variables, analysis of covariance was used to
investigate geometric mean differences in the hormone
concentrations among the controls by the following: country
(seven categories), smoking (never, past, current), alcohol
intake (<8, 8-15, 16-39, 40+ g/d), body mass index (BMI;
kg/m2; in quartiles), physical activity (index of combined
recreational, household, and occupational physical activity:
inactive, moderately inactive, moderately active/active), marital status (married/cohabiting, not married/cohabiting), and
educational level (less than secondary school, secondary
school, university degree or higher).
Relative risks [odds ratios (OR)] for prostate cancer in
relation to serum IGF-I and IGFBP-3 concentrations were
estimated by conditional logistic regression models. Peptide
hormone concentrations were categorized into thirds with
tertile cutpoints based on the (untransformed) distribution of
the hormones among the control subjects. Ninety-five percent
confidence intervals (95% CI) were computed using the SEs of
the pertinent regression coefficients, and linear trends were
assessed using the log-transformed continuous variable. The
effects of potential confounders, other than matching criteria,
which are controlled for by design, were examined by
including additional regression terms in the logistic regression
models, both individually and combined. Potential confounders included smoking, alcohol, physical activity, education,
and marital status. None of these variables substantially
altered the risk estimates and were not included in the final
models. However, results are shown for the association of
prostate cancer risk with IGF-I and IGFBP-3, after adjustment
for each other, using the residuals of the regression of logtransformed IGF-I on IGFBP-3 levels (and vice versa), which
were then categorized into thirds.

The association between IGF-I and IGFBP-3 and prostate
cancer risk was assessed separately by stage and histologic
grade; m2 tests were used to examine heterogeneity of prostate
cancer risk associated with a linear increase in peptide
hormone concentration between these groups. We did not
conduct analyses among the different combinations of stage
and grade owing to the small numbers of cases in these
subgroups. m2 tests were used to examine heterogeneity of
prostate cancer risk by age at blood collection (<60, 60+ years),
age at diagnosis (<60, 60+ years), BMI at recruitment (<26.6,
26.6+ kg/m2), lag time between blood collection and diagnosis
(<2, 2+ years), and country of recruitment (seven countries).
All P values presented are two tailed and those below 0.05
were considered statistically significant. Analyses were done
using STATA version 9 (STATA Corp.).

Results
This study includes 630 prostate cancer case patients diagnosed from recruitment until the end of follow-up and 630
matched control subjects. The median age at blood collection
was 61 years (range, 43-76 years), the median time between
blood collection and cancer diagnosis was 3.4 years (range,
0.1-8.5 years), and the median age at cancer diagnosis was
65 years (range, 47-82 years).
Basic characteristics of the study participants are shown in
Table 1. There were no significant differences between cases
and controls according to height, BMI, smoking, alcohol
intake, physical activity, marital status, or education, although
cases were, on average, 1.3 kg lighter than controls (P = 0.05).
Case patients had slightly higher geometric mean serum
concentrations of IGF-I and IGFBP-3 than their matched
Table 1. Characteristics of prostate cancer patients and
control subjects in EPIC
Characteristic

Cases

Controls

N
630
630
Anthropometry: mean (SD)
Height (cm)
172.2 (6.7)
172.5 (7.0)
Weight (kg)
79.3 (11.2)
80.6 (12.2)
26.7 (3.5)
27.1 (3.6)
BMI (kg/m2)
Smoking, n (%)*
Never
197 (31.5)
168 (27.0)
Former
282 (45.0)
281 (45.2)
Current
147 (23.5)
173 (27.8)
Alcohol consumption, n (%)*
<8 g/d
223 (35.5)
223 (35.5)
8-15 g/d
121 (19.3)
134 (21.3)
16-39 g/d
169 (26.9)
155 (24.7)
z40 g/d
115 (18.3)
116 (18.5)
Physical activity, n (%)*
Inactive
124 (20.0)
107 (17.3)
Moderately inactive
218 (35.1)
199 (32.1)
Moderately
279 (44.9)
314 (50.6)
active/active
Marital status, n (%)*
Married or cohabiting
391 (87.5)
396 (89.2)
Not married or
56 (12.5)
48 (10.8)
cohabiting
Education, n (%)*
Less than secondary
232 (38.7)
231 (39.0)
school
Secondary school
215 (35.8)
224 (37.8)
University degree
153 (25.5)
137 (23.1)
c
Serum peptides (nmol/L ):
Geometric mean
(95% CI)
IGF-I
22.0 (21.3-22.7)
21.2 (20.5-21.9)
IGFBP-3
129.9 (127.7-132.2) 128.6 (126.4-130.9)

P

0.43
0.05
0.09

0.11

0.74

0.12

0.43

0.60

0.08
0.38

*Denotes that the factor is unknown for some men—these men are excluded
from the calculations of percentages and P values.
cTo convert to ng/mL, divide by 0.1307 for IGF-I and 0.035 for IGFBP-3.
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Table 2. OR (95% CI) of overall prostate cancer by thirds of
serum IGF-I and IGFBP-3 concentrations in EPIC
Peptide

No. cases/controls

OR (95% CI)

IGF-I
Low
169/212
Medium
248/208
High
213/210
P trend*
Residuals of IGF-I after adjusting for IGFBP-3
Low
169/212
Medium
248/208
High
213/210
P trend*
IGFBP-3
Low
193/212
Medium
211/210
High
226/208
P trend*
Residuals of IGFBP-3 after adjusting for IGF-I
Low
211/212
Medium
211/210
High
208/208
P trend*

1.00
1.54 (1.16-2.06)
1.35 (0.99-1.82)
0.08
1.00
1.29 (0.96-1.73)
1.39 (1.02-1.89)
0.12
1.00
1.12 (0.85-1.48)
1.22 (0.92-1.64)
0.38
1.00
1.01 (0.76-1.35)
1.01 (0.74-1.37)
0.75

NOTE: Tertile cutpoints are 17.8 and 26.1 nmol/L for IGF-I and 119.5 and 141.7
nmol/L for IGFBP-3.
*P trend based on the continuous (log transformed) variable.

controls, but the differences were not statistically significant
(Table 1).
Among the control subjects, serum IGF-I concentrations
were positively correlated with IGFBP-3 concentrations (r =
0.67; P < 0.001) and both serum IGF-I and IGFBP-3 concentrations were inversely correlated with age (r = 0.16 for IGF-I
and r = 0.15 for IGFBP-3; both P < 0.001). Serum IGF-I
concentrations were positively correlated with height (r = 0.12;
P = 0.004), but height was not associated with IGFBP-3
concentrations. Serum IGF-I was associated with BMI in a
nonlinear manner, with the highest IGF-I concentration in the
second quartile of BMI (24.5-26.6 kg/m2; P heterogeneity = 0.05
across quartiles of BMI); there was no association between BMI
and IGFBP-3 concentrations (data not shown). Alcohol intake
was not associated with IGF-I concentration but was positively

associated with IGFBP-3; the geometric mean concentration
was 9% higher in those consuming 40+ g/d alcohol compared
with those consuming <8 g/d (P heterogeneity = 0.001 across four
categories). Smoking, physical activity, marital status, education level, and country of recruitment were not significantly
associated with serum IGF-I or IGFBP-3 concentrations (data
not shown).
Conditional logistic regression analysis showed a weak
positive association between IGF-I concentration and overall
prostate cancer risk; the ORs for the middle and highest third
versus the lowest third were 1.54 (95% CI, 1.16-2.06) and 1.35
(95% CI, 0.99-1.82), respectively (P trend = 0.08; Table 2). The
residuals of IGF-I, adjusted for IGFBP-3 through a linear
regression model, showed a very similar association to that of
IGF-I alone; the OR for the highest versus the lowest third was
1.39 (95% CI, 1.02-1.89; P trend = 0.12). IGFBP-3 concentration
was also weakly positively associated with prostate cancer, but
this result was not statistically significant, with the OR for the
highest versus the lowest third being 1.22 (95% CI, 0.92-1.64;
P trend = 0.38). The residuals of IGFBP-3, adjusted for IGF-I,
showed no association with prostate cancer risk. Adjustment
for smoking, alcohol intake, marital status, physical activity, or
education, either individually or in combination, made no
appreciable difference to the risk estimates or 95% CI for either
IGF-I or IGFBP-3 (data not shown).
The associations between IGF-I and IGFBP-3 concentrations
and risk of prostate cancer for localized and advanced disease
are shown in Table 3. There was some suggestion that IGF-I
and IGF-I residual concentration was more strongly associated
with risk of advanced disease than localized disease; in
advanced cases, the OR for the highest versus the lowest third
was 1.65 (95% CI, 0.88-3.08; P trend = 0.21) for IGF-I and 1.76
(95% CI, 0.92-3.40; P trend = 0.11) for the IGF-I residuals.
However, these associations were not statistically significant
and there was no significant heterogeneity in the linear trends
between localized and advanced disease (P heterogeneity = 0.53
for IGF-I and 0.28 for the IGF-I residuals). For IGFBP-3, no
association was seen for either localized or advanced disease,
although there was a weak negative association for the
residuals of IGFBP-3 with risk of advanced-stage disease, with
an OR for the highest versus the lowest third of 0.68 (95% CI,
0.35-1.33; P trend = 0.39; Table 3).

Table 3. OR (95% CI) of localized and advanced prostate cancer by thirds of serum IGF-I and IGFBP-3 concentrations in EPIC
c

Localized*
No. cases/controls
IGF-I
Low
87/102
Medium
122/98
High
94/103
b
P trend
Residuals of IGF-I after adjusting for IGFBP-3
Low
87/102
Medium
122/98
High
94/103
b
P trend
IGFBP-3
Low
99/101
Medium
102/108
High
102/94
b
P trend
Residuals of IGFBP-3 after adjusting for IGF-I
Low
111/115
Medium
94/93
High
98/95
b
P trend

P heterogeneity

Advanced
OR (95% CI)

No. cases/controls

OR (95% CI)

1.00
1.48 (0.98-2.23)
1.11 (0.71-1.73)
0.48

37/49
51/47
50/42

1.00
1.47 (0.81-2.66)
1.65 (0.88-3.08)
0.21

0.53

1.00
1.25 (0.81-1.93)
1.30 (0.84-2.01)
0.64

37/49
51/47
50/42

1.00
1.21 (0.68-2.16)
1.76 (0.92-3.40)
0.11

0.26

1.00
0.98 (0.65-1.47)
1.13 (0.73-1.76)
0.62

42/50
44/32
52/56

1.00
1.52 (0.86-2.70)
1.10 (0.63-1.93)
0.86

0.88

1.00
1.06 (0.70-1.58)
1.09 (0.71-1.66)
0.93

45/39
46/44
47/55

1.00
0.84 (0.44-1.62)
0.68 (0.35-1.33)
0.39

0.44

*Based on 303 case-control pairs where the case was diagnosed with localized disease (tumor-node-metastasis staging score of T1-T2 and N0 and M0, or equivalent).
cBased on 138 case-control pairs where the case was diagnosed with advanced disease (T3/T4 and/or N1:N3 and/or M1, or equivalent).
bP trend based on the continuous (log transformed) variable.
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Table 4. Association of serum IGF-I and IGFBP-3 concentration with risk of low-grade and high-grade prostate cancer in
EPIC
c

Low grade*
No. cases/controls
IGF-I
Low
79/101
Medium
113/97
High
117/111
b
P trend
Residuals of IGF-I adjusted for IGFBP-3
Low
79/101
Medium
113/97
High
117/111
b
P trend
IGFBP-3
Low
86/101
Medium
117/111
High
106/97
b
P trend
Residuals of IGBP-3 adjusted for IGF-I
Low
106/111
Medium
111/103
High
92/95
b
P trend

P heterogeneity

High grade
OR (95% CI)

No. cases/controls

OR (95% CI)

1.00
1.58 (1.03-2.42)
1.45 (0.94-2.22)
0.06

47/43
56/53
43/50

1.00
0.96 (0.56-1.65)
0.77 (0.42-1.41)
0.34

0.06

1.00
1.27 (0.84-1.93)
1.27 (0.82-1.97)
0.14

47/43
56/53
43/50

1.00
1.11 (0.59-2.08)
1.31 (0.71-2.41)
0.69

0.25

1.00
1.27 (0.85-1.89)
1.33 (0.87-2.03)
0.24

54/47
40/46
52/53

1.00
0.79 (0.46-1.34)
0.86 (0.49-1.53)
0.29

0.12

1.00
1.14 (0.76-1.69)
1.02 (0.66-1.57)
0.95

50/52
47/47
49/47

1.00
1.05 (0.58-1.92)
1.11 (0.59-2.07)
0.55

0.65

*Based on 309 case-control pairs where the case was diagnosed with low-grade disease.
cBased on 146 case-control pairs where the case was diagnosed with high-grade disease.
bP trend based on the continuous (log transformed) variable.

Table 4 shows the associations between IGF-I and IGFBP-3
concentrations and risk of prostate cancer for low-grade and
high-grade disease, separately. Increasing IGF-I concentration
was weakly positively associated with low-grade disease (OR
for the highest versus the lowest third, 1.45; 95% CI, 0.94-2.22;
P trend = 0.06) and was inversely related with high-grade
disease (OR for the highest versus the lowest third, 0.77; 95%
CI, 0.42-1.41; P trend = 0.34), although there was no significant
heterogeneity in the linear trends between the two groups
(P heterogeneity = 0.06). Neither the IGF-I residuals nor IGFBP-3
was associated with low- or high-grade disease, although
the pattern for IGFBP-3 was similar to that seen for IGF-I,
being weakly positively associated with low-grade disease
and weakly inversely associated with high-grade disease
(P heterogeneity = 0.12; Table 4).
To investigate whether the presence of imminent clinical
disease could have had an effect on the association between
IGF-I concentrations and prostate cancer risk, the analyses
were conducted separately in men diagnosed less than 2 years
(164 case-control pairs) and 2 or more years since recruitment
(466 case-control pairs). The association of serum IGF-I with
cancer risk was stronger among men diagnosed soon after
recruitment (the OR for the highest versus the lowest third was
2.14; 95% CI, 1.17-3.91; P trend = 0.14) compared with men
diagnosed at least 2 years after recruitment (the OR for the
highest versus the lowest third was 1.14; 95% CI, 0.80-1.62;
P trend = 0.25). A similar association was observed for the IGF-I
residuals, but neither of the tests of heterogeneity of risk was
statistically significant (P heterogeneity = 0.49 for IGF-I and 0.49
for the IGF-I residuals). There was no difference in the
association of IGFBP-3 or the IGFBP-3 residuals and prostate
cancer risk according to time between recruitment and
diagnosis (data not shown).
We next examined whether the associations of IGF-I and
IGFBP-3 concentrations with prostate cancer risk differed by
age and BMI and between the participating countries. There
was no evidence of heterogeneity of the association of IGF-I or
IGFBP-3 with prostate cancer risk between men aged less than
or greater than 60 years at blood collection (P heterogeneity = 0.79
and 0.79 for IGF-I and IGFBP-3, respectively) or between men
aged less than or greater than 60 years at diagnosis

(P heterogeneity = 0.75 and 0.29 for IGF-I and IGFBP-3, respectively). Similarly, there was no significant heterogeneity in the
association of IGF-I or IGFBP-3 with prostate cancer risk
between men with a BMI less than or greater than the median
of 26.6 kg/m2 (P heterogeneity = 0.69 and 0.57 for IGF-I and
IGFBP-3, respectively) or between the seven participating
countries (P heterogeneity = 0.35 and 0.39 for IGF-I and IGFBP-3,
respectively).

Discussion
This case-control study nested within EPIC is the largest of
its kind to examine the association between serum IGF-I and
IGFBP-3 concentrations and subsequent prostate cancer risk.
Serum IGF-I was weakly positively associated with overall
prostate cancer risk, and which was more evident for
advanced-stage disease, but these associations were not
statistically significant and might therefore be chance findings.
However, our results are consistent with data from most of the
larger previous prospective studies that have found weak-tomoderate positive associations (12, 13, 16, 17, 21, 22). A few
prospective studies have reported null associations between
serum IGF-I concentration and total prostate cancer risk, but
with the exception of the Melbourne Collaborative Cohort
Study (15), these were based on small numbers of cases (i.e.,
<200 cases; refs. 10, 11, 14, 19, 20).
In our study, serum IGFBP-3 concentration was not strongly
associated with overall prostate cancer risk. Some previous
prospective studies have found elevated IGFBP-3 concentrations to be associated with an increase in total prostate cancer
risk (13, 15, 16, 21), whereas other studies have reported null
(19, 22) or nonsignificant reductions in risk (10, 12, 14, 17, 23).
The reason for such heterogeneity between studies of relationships between serum IGFBP-3 levels and prostate cancer risk
remains unclear, although it could be partly due to different
specificities of the immunoassays used for IGFBP-3 measurement, as IGFBP-3 circulates in a variety of intact and
proteolytically cleaved forms (26, 27). Indeed, it has been
speculated that, whereas the total concentration of intact and
cleaved forms combined could be higher among subjects
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developing cancer (e.g., because of higher total IGFBP-3
synthesis in the liver), levels of intact IGFBP-3 could be
reduced due to more proteolytic cleavage in these same
subjects. Further studies are needed on the effect of different
assays on absolute levels of IGFBP-3 subforms and their
corresponding effects on subsequent cancer risk.
It has been suggested that some of the inconsistencies found
between studies in the relationship of IGF-I concentration with
prostate cancer risk may, in part, be due to differences in the
case-mix of patients, with recent studies having a higher
proportion of early-stage disease due to more widespread
prostate-specific antigen testing. In particular, the association
of IGF-I concentration and prostate cancer risk found after a
relatively short follow-up period in the Physicians Health
Study (22) was not confirmed after longer follow-up, although
there remained a strong positive association between IGF-I
concentration and advanced-stage disease (18). Similarly, other
studies conducted among men who have undergone prostatespecific antigen testing have found weak-to-moderate positive
associations between IGF-I concentrations and total prostate
cancer risk (12, 13, 17), and most have found stronger
associations for advanced-stage disease (12, 17), suggesting
that IGF-I may be associated with tumor aggressiveness.
Although nonsignificant, our results (the risk in the highest
versus the lowest third of IGF-I was 1.35 for overall prostate
cancer and 1.65 for advanced-stage disease) are nevertheless
compatible with the hypothesis that serum IGF-I concentration
may be associated with a small increase in prostate cancer risk,
and which may be stronger for advanced-stage disease.
However, it is difficult to determine whether elevated
circulating IGF-I levels are a cause of clinically relevant tumors
or whether they are a consequence of the presence of prostate
cancer at a preclinical stage. In this study, the association of
prostate cancer risk with IGF-I concentration was slightly
stronger (but not statistically significantly so) among men
diagnosed less than 2 years after recruitment compared with
men diagnosed after 2 years. Overall, the average time
between blood collection and diagnosis in EPIC is still
relatively short (mean of 3.4 years), and whether circulating
IGF-I concentration is a true precursor of disease remains to be
determined with longer follow-up.
We found little evidence that the association of serum IGF-I
and IGFBP-3 concentrations with risk differed according to the
grade of disease, which is consistent with previous data
(17, 18). However, we are aware that there is considerable
measurement error in the determination of Gleason scores,
with a high proportion of cases likely to be undergraded
(28, 29). Indeed, in the present study, 43% of advanced cases
were classified as low grade, which is consistent with other
data from Europe27 and most likely reflects some degree of
undergrading, which will serve to attenuate any association
toward the null. Nonetheless, taken together with the results
from previous studies, there is no strong evidence to suggest
that circulating IGF-I or IGFBP-3 concentrations are specifically
related to the degree of differentiation of prostate cancer.
We found no evidence that the association of serum IGF-I
concentrations and prostate cancer risk is modified by age at
blood collection, which is consistent with one previous study
(14), although others have found IGF-I concentrations to be
more strongly related to risk among younger men (<60 years at
blood collection; ref. 21) or older men (60+ at blood collection;
ref. 22). However, the youngest man in our study was aged 51
at recruitment, and so we cannot exclude the possibility that
circulating IGF-I levels during young adulthood or adolescence, rather than during middle age, are more important
predictors of subsequent prostate cancer risk.

A limitation of the study is that blood samples were
collected at one time point and may not reflect long-term
circulating levels. However, other studies have shown that the
within-subject reproducibility of serum IGF-I and IGFBP-3
concentrations is relatively high over a period of up to 5 years
(30-32), with Spearman rank correlations of 0.87 and 0.73 for
IGF-I and IGFBP-3, respectively, over an average of 1.3 years
(31). Thus, single measures seem to be representative of usual
levels for at least the medium term. Although some intraindividual variation and laboratory measurement errors may
have led to attenuation of our relative risk estimates, the high
quality control of the assay measurements and the strong
association observed between serum IGF-I and age suggest
that these overall null results are unlikely to be related to a lack
of precision in the measurement of IGF-I and IGFBP-3.
Another limitation is that serum IGF-I concentrations reflect
the total circulating pool of IGF-I and may not reflect
intraprostatic paracrine and autocrine production of IGF-I,
whose bioactivity is determined by the local expression of
IGFBPs and proteases (4); future work is therefore needed to
determine the correlation between serum and tissue concentrations of IGFs.
In conclusion, the findings from this large case-control study
nested within EPIC show that serum IGF-I concentration is not
strongly associated with prostate cancer risk, although the
results are compatible with a small increase in risk, whereas no
association for IGFBP-3 was observed.
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