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Phytoestrogens may influence prostate cancer development. This study aimed to examine the association between prediagnostic
circulating concentrations of isoflavones (genistein, daidzein, equol) and lignans (enterolactone and enterodiol) and the risk of
prostate cancer. Individual participant data were available from seven prospective studies (two studies from Japan with 241 cases
and 503 controls and five studies from Europe with 2,828 cases and 5,593 controls). Because of the large difference in circulating

isoflavone concentrations between Japan and Europe, analyses of the associations of isoflavone concentrations and prostate
cancer risk were evaluated separately. Prostate cancer risk by study-specific fourths of circulating concentrations of each
phytoestrogen was estimated using multivariable-adjusted conditional logistic regression. In men from Japan, those with high
compared to low circulating equol concentrations had a lower risk of prostate cancer (multivariable-adjusted OR for upper quartile
[Q4] vs. Q1 = 0.61, 95% confidence interval [CI] = 0.39-0.97), although there was no significant trend (OR per 75 percentile
increase = 0.69, 95 Cl = 0.46-1.05, Piena = 0.085); Genistein and daidzein concentrations were not significantly associated with
risk (ORs for Q4 vs. Q1 = 0.70, 0.45-1.10 and 0.71, 0.45-1.12, respectively). In men from Europe, circulating concentrations of
genistein, daidzein and equol were not associated with risk. Circulating lignan concentrations were not associated with the risk of
prostate cancer, overall or by disease aggressiveness or time to diagnosis. There was no strong evidence that prediagnostic
circulating concentrations of isoflavones or lignans are associated with prostate cancer risk, although further research is

warranted in populations where isoflavone intakes are high.

What’s new?

The role of phytoestrogens in prostate cancer development is uncertain. Here, the authors analysed participant data from
seven prospective studies on the association between pre-diagnostic circulating concentrations of isoflavones (mainly found in
soybeans) and lignans (mainly found in cereal, nuts, and vegetables) and prostate cancer risk. They found no strong
associations but point to the fact that further data are needed to examine associations based on disease aggressiveness,

especially in populations with high isoflavone intakes.

1. Introduction

It has been hypothesised that a high dietary phytoestrogen
intake may inhibit prostate cancer development."* Evidence
from in vitro studies, animal models and observational studies
has suggested that this may be due to their effects on hor-
mone metabolism and receptor signalling, or to other mecha-
nisms such as effects on DNA repair, angiogenesis and cell
proliferation.”. The main types of dietary phytoestrogens are
isoflavones and lignans. Soybeans and soya products are the
predominant dietary source of isoflavones,” while precursors
of mammalian lignans are mainly present in cereals, nuts,
seeds and fruits and vegetables.”® The absorption of phytoes-
trogens is influenced by the gut microbiota,”® therefore it is

important to measure these compounds in biological samples
such as blood (rather than relying solely on an estimation of
dietary intake) in order to assess the possible protective effect
of phytoestrogens on prostate cancer development.

The Endogenous Hormones, Nutritional Biomarkers and
Prostate Cancer Collaborative Group (EHNBPCCG) was
established to conduct collaborative analyses of individual par-
ticipant data from prospective studies on the associations of
circulating concentrations of hormones and nutritional bio-
markers with risk of prostate cancer.””'* The objective of the
present study was to examine the associations between con-
centrations of circulating isoflavones (genistein, daidzein and
equol) and lignans (enterolactone and enterodiol), and risk of
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prostate cancer in a pooled analysis of the worldwide prospec-
tive studies.

2. Material and Methods

2.1 Identification of studies

Studies were eligible to join this collaborative analysis if they
had data on circulating phytoestrogens measured in blood
samples collected prior to a prostate cancer diagnosis. Stud-
ies were identified by using the search terms phyto-oestro-
gens, phytoestrogens, isoflavones, genistein, daidzein, equol,
enterolactone and enterodiol together with the MeSH term
prostatic neoplasms and text term prostate cancer. The litera-
ture searches were conducted using articles with publication
dates through to November 2017 from PubMed, Web of Sci-
ence, Cochrane Library, CancerLit (up to January 2013) and
Google Scholar and from discussions with colleagues. This
collaborative group also includes unpublished data obtained
from discussion with colleagues, which reduces the risk of
publication bias.

2.2 Collection and synthesis of data

Individual participant data were available from seven nested
case—control studies by the date of dataset closure (November
2017): the European Prospective Investigation into Cancer
and Nutrition (EPIC) (cases diagnosed from June 1999 to
January 2003 (designated Phase 1);'> cases diagnosed from
February 2003 to December 2006 (designated Phase 2),'°
EPIC-Norfolk'” (for participants not included in either the
EPIC Phase 1 or Phase 2), Janus Nordic Biological Specimen
Biobank Working Group (NBSBWG),'**° Japan Collabora-
tive Cohort Study (JACC),*! Japan Public Health Center-
based prospective Study (JPHC),** the Malmé Diet and
Cancer Study (MDCS)* and the Northern Sweden Health
and Disease Cohort (NSHDC).?* Three of these studies con-
tributed data on genistein (1,846 cases, 2,200 controls), four
had data on daidzein (1,239 cases, 1,675 controls) and equol
(1,209 cases, 1,571 controls), five had data on enterolactone
(2,828 cases, 5,593 controls) and two studies had data on
enterodiol (1,002 cases, 1,197 controls). Data on enterolactone
from two studies (the a-Tocopherol, p-Carotene Cancer Pre-
vention Study and the Helsinki Heart Study), with a combined
total of 350 cases, were not available for pooling.'®**

This large collaborative analysis has brought together and
reanalysed almost all of the available prospective data on the
associations of circulating isoflavone and lignan concentra-
tions with prostate cancer incidence, representing, as far as we
are aware, all of the worldwide prospective data on circulating
genistein, daidzein and equol, and over 90% of the worldwide
data on circulating lignans. While data on enterolactone were
not available for this analysis, their results do not differ mate-
rially from those reported here, and it is unlikely that these
data would have changed our summary risk estimates.

The characteristics of the studies and the assay methods
are shown in Tables S1 and S2; detailed information on
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recruitment, ethics approval and inclusion criteria is available
in the original publications,'>"'#21222*

Where available, collaborators provided data for prostate
cancer cases and controls on serum or plasma phytoestrogen
concentrations, dates of birth and blood collection, marital
status, ethnicity, educational attainment, family history of
prostate cancer, height, weight and smoking status. Most stud-
ies also provided data on cancer stage and grade and date at
diagnosis. Tumour stage was categorised as localised if it was
tumour-node-metastasis (TNM) stage <T2 with no reported
lymph node involvement or metastases, stage <II, or equiva-
lent; advanced stage if it was T3 or T4 and/or N1+ and/or
M1, stage III-IV, or equivalent; or unknown. Aggressive dis-
ease was categorised as “no” for TNM stage <T3 with no
reported lymph node involvement or metastases or the equiv-
alent, “yes” for TNM stage T4 and/or N1+ and/or M1 and/or
stage IV disease or death from prostate cancer, or unknown.
Histological grade was categorised as low-intermediate grade
if the Gleason sum was <8, or coded as well, moderately or
poorly differentiated; high grade if the Gleason sum was >8,
or coded as undifferentiated; or grade unknown.

2.3 Statistical analyses

The methods of analysis were similar to those described previ-
ously by this collaborative group.'®'" Because of the large dif-
ference in circulating isoflavone concentrations between Asian
and Western populations, the analyses for isoflavones were
performed separately for Japanese and European studies.

Men were categorised into fourths of concentrations for
each phytoestrogen, with cut points defined by the study-
specific quartiles of the distribution in control participants.
This approach allows for any systematic differences between
the studies, i.e., assay methods, blood sample types or storage
conditions.”® We used logistic regression conditioned on the
matching variables within each study to determine odds ratios
(ORs) and their corresponding 95% confidence intervals
(CIs). To provide a summary measure of the OR (for sub-
group analyses) and to calculate a p-value for trend, the cate-
gorical variable representing the fourths of phytoestrogen
concentration was replaced with a continuous variable that
was scored 0, 0.33, 0.67 and 1, respectively. Because the mid-
points of the lowest and highest fourths are the 12.5 and 87.5
percentage points of the study-specific phytoestrogen concen-
tration, a unit increase in this variable can be taken to repre-
sent a 75 percentile increase in phytoestrogen concentration.
The effects of additional potential confounders (other than
the matching criteria, which were controlled by study design)
were examined by additionally adjusting for variables that
were found to be associated with prostate cancer risk in this
collaborative dataset,'’, including age at blood collection
(exact), body mass index (BMI = <25, 25-27.4, 27.5-29.9,
>30 kg/m’, unknown), height (<170, 171-175, 176-180,
>180 cm, unknown), marital status (married/cohabiting, not
married/cohabiting, unknown), educational status (did not

Int. ). Cancer: 143, 2677-2686 (2018) © 2018 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf

of UICC.

00T 0T/10p/wW00" Ao 1M Aleiq1ul|uo//Sdny Wiy papeojumod ‘TT ‘8TOZ ‘STZ0L60T

Cancer Epideiniology

5UBD| 7 SUOLUILIOD dAR1D 3|qedt|dde ay) Aq pausenob are sSpile YO ‘3sn Jo Sa|nJ 10§ Arig1auUlUO A3|IAN UO (SUOIIPUOD-PUR-SLLLIRY /WD AS | 1M ARe1d 1BU 1 UO//:Sd1IL) SUORIPUO:



=]
p—
=]
ol
g
%}
o
o
(=%
=
S
]
=
<
)

2680

graduate from high school/secondary school/college, high
school/secondary school/college graduates, university gradu-
ates, unknown) and cigarette smoking (never, past, current,
unknown).

Heterogeneity in linear trends between studies was tested
by comparing the chi-squared values for models with and
without a (study) X (linear trend) interaction term. To iden-
tify evidence of heterogeneity in the associations of phytoes-
trogens with prostate cancer risk according to case-defined
characteristics (i.e., age at diagnosis [<65 vs. > 65 years], years
between blood collection and diagnosis [<5 vs. 2 5 years], year
of diagnosis [pre-2000 vs. 2000 onwards], stage [localised vs.
advanced], aggressiveness [no vs. yes] and grade [low-
intermediate vs. high]), we fitted separate models for each
subgroup and assumed independence of the ORs using a
method analogous to a meta-analysis. Data on tumour stage
and/or grade were only available for one of the two Japanese
studies,”* and hence subgroup analyses of the association of
isoflavone concentrations by tumour characteristics in these
studies were not performed.

Table 1. Participant characteristics by study and case-control status

Blood phytoestrogens and prostate cancer risk

Tests for heterogeneity for non-case-defined factors
(i.e., age at blood collection [<65 vs. = 65 years], BMI [<25 vs.
> 25 kg/m?], cigarette smoking [never or past smoker vs. cur-
rent smoker] and alcohol consumption [<10 vs. > 10 g/day])
were assessed with chi-squared tests of interaction between
the subgroup and the continuous trend test variable.

All tests of statistical significance were two sided, and sta-
tistical significance was set at the 5% level. All statistical ana-
lyses were carried out using Stata version 14.1 (Stata Corp.,
College Station, TX).

3. Results
A total of 241 cases and 503 controls from two Japanese pro-
spective studies, and 2,828 cases and 5,593 controls from five
European prospective studies were included in this analysis.
The mean age at blood collection in cases or controls across
the studies ranged from 46.5 to 68.7 years (Table 1).

Most of the cases were between 60 and 69 years at diagno-
sis, except for those from Japanese studies and EPIC-Norfolk
where most cases were diagnosed over 70 years (Table 2). The

Age at
Case-control Participants, recruitment,
Studies status n years
Japanese
JACC (22) Case 40 68.7 (6.3)
Control 101 67.9 (5.7)
JPHC (23) Case 201 59.5 (6.4)
Control 402 59.2 (6.6)
European
EPIC, Phase 1 (16)  Case 950 59.9 (5.8)
Control 1,042 59.6 (5.8)
EPIC, Phase 2 (17)  Case 655 59.3 (6.9)
Control 655 59.3 (6.9)
EPIC-Norfolk (18) Case 48 65.3 (6.7)
Control 130 64.7 (6.4)
Janus NBSBWG (19) Case 573 46.5 (4.3)
Control 2,209 46.5 (4.2)
MDCS (24) Case 990 60.2 (6.6)
Control 1,664 60.0 (6.6)
NSHDC (25) Case 261 58.0 (4.4)
Control 514 58.0 (4.4)

Height,! BMI,! Married or Higher Current

cm kg/m? Cohabiting,! % Education,® % Smoker,' %
160 (6) 22.4(2.6) 100 9.7 51.4
159 (7) 22.4(2.7) 923 26.4 37.8
162 (6) 23.4(2.4) 93.5 - 34.3
162 (6) 23.3(2.6) 90.5 = 40.8
174 (7) 26.6 (3.4) 89.2 26.9 24.3
174 (7) 26.9(3.6) 88.9 26.4 29.8
173(7) 26.9(3.4) 89.5 25.7 21.5
173(7) 26.9(3.6) 90.2 26.4 23.1
172 (8) 26.3(2.7) 87.0 12.5 10.4
173(6) 26.5(2.9) 90.8 11.5 10.2
177 (7) 25.4(3.1) - - 60.9
176 (7) 25.1(3.2) - - 62.4
177 (7) 26.2(3.4) 78.5 15.1 22.3
176 (6) 26.3(3.4) 74.0 13.5 27.1
176 (6) 26.1(2.8) 87.1 13.2 18.2
175(6) 26.6(3.5) 79.8 12.2 22.1

The cases and controls are nested in prospective studies, and the numbers of cases and controls are based on the number in complete matched sets
for genistein (EPIC, JACC and JPHC), daidzein (EPIC-Norfolk) and enterolactone (Janus NBSBWG, MDCS and NSHDC).

'Unknown for some participants.

Abbreviations: BMI, body mass index; EPIC, European Prospective Investigation into Cancer and Nutrition; NBSBWG, Janus Nordic Biological Specimen
Biobank Working Group; JACC, Japan Collaborative Cohort Study; JPHC, Japan Public Health Center-based prospective Study; MDCS, Malmé Diet and

Cancer Study; NSHDC, Northern Sweden Health and Disease Cohort.
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Table 2. Characteristics of men who developed prostate cancer and tumour characteristics by study

Years from
Age at Date of blood collection
diagnosis, % diagnosis, % to diagnosis, % Disease stage, aggressiveness and grade, %
Pre- Advanced Unknown Aggressive Unknown High  Unknown
Studies <60 60-69 70 2000 2000- <3 3-6 7 stage! stage disease’ aggressiveness grade®>  grade
Japanese
JACC (22) 0 35.0 65.0 100 0 17.5 52.5 30.0 - 100 - 100 - 100
JPHC (23) 7.0 39.8 53.2 25.4 74.6 9.0 17.4 73.6 25.6 24.9 29.9 23.4 24.2 69.1
European
EPIC, Phase 1 (16) 19.4 65.0 15.6 46.7 53.3 31.0 55.7 133 289 27.2 31.5 21.6 13.6 22.6
EPIC, Phase 2 (17) 14.2 55.0 30.8 3.8 98.2 3.0 429 54.0 24.8 28.5 19.5 26.4 11.6 25.0
EPIC-Norfolk (18) 4.2 333 62.5 2.1 97.9 2.1 625 354 17.8 6.2 31.1 6.2 25.0 91.7
Janus NBSBWG (19) 20.9 69.1 9.9 100 0 1.2 5.1 93.7 - 100 - 100 - 100
MDCS (24) 5.3 48.7 46.1 25.1 74.9 9.5 253 653 - 100 100% 89.7 = 100
NSHDC (25) 16.9 78.5 4.6 72.0 28.0 27.6 49.8 226 185 0.8 12.7 0.8 1.5 74.3

The percentages are based on the number in complete matched sets for genistein (EPIC, JACC and JPHC), daidzein (EPIC-Norfolk), and enterolactone (Janus
NBSBWG, MDCS and NSHDC).

As a percentage of those with known disease stage. Stage of disease was defined as being advanced if it was tumour-node-metastasis (TNM) stage T3 or T4
and/or N1+ and/or M1, stages Ill-IV, or approximate equivalent (that is, a tumour extending beyond the prostate capsule and/or lymph node involvement and/or
distant metastases), localised if it was TNM stage TO or T1 or T2 with no reported lymph node involvement or metastases, stages O-Il, or approximate equivalent
(that is, a tumour that does not extend beyond the prostate capsule) or stage unknown.

2As a percentage of those with known aggressive disease. Aggressive disease was categorised as “yes” for TNM stage T4 and/or N1+ and/or M1 and/or stage IV
disease or death from prostate cancer, “no” for TNM stage TO, T1, T2 or T3 with no reported lymph node involvement or metastases or the equivalent, or
unknown.

3As a percentage of those with known disease grade. Grade of disease defined as high grade if the Gleason sum was at least 8 or approximate equivalent (that
is, extent of differentiation of “none”), low grade if the Gleason sum was less than 8 or approximate equivalent (that is, extent of differentiation of “poor,” “mod-
erate” or “good”) or grade unknown.

“Stage and grade of disease are unknown in MDCS, so aggressive disease is defined as cases who died of prostate cancer, but we cannot determine whether
cases who did not die of prostate cancer had aggressive disease. Therefore, where aggressive disease status is known for this study, aggressive disease status
is ‘yes’ and cannot be ‘no.’

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; NBSBWG, Janus Nordic Biological Specimen Biobank Working Group; JACC,
Japan Collaborative Cohort Study; JPHC, Japan Public Health Center-based prospective Study; MDCS, Malmo Diet and Cancer Study; NSHDC, Northern Sweden

Health and Disease Cohort.

majority of cases with information on stage and grade had
localised disease (ranging from 70 to 87% across studies) and
low-intermediate grade tumours (75 to 98% of cases).

The geometric means and interquartile ranges of the five
phytoestrogens by case-control status are shown in Table 3.
There was a large difference in circulating isoflavone concentra-
tions between Japanese and European populations; for example,
the mean genistein concentration in controls was between
294.0 and 454.4 nmol/L in Japanese studies and between 5.19
and 5.61 nmol/L in European studies. There was no large varia-
tion in circulating lignan concentrations between studies.

The ORs for prostate cancer risk by fourths of circulating
isoflavone concentrations (separately by Japanese and
European studies), adjusted for age, marital status, educational
attainment, smoking, height and BMI are shown in Figure 1.
In men from Japan, there was some evidence of an inverse
association between circulating equol and prostate cancer risk
(multivariable-adjusted OR for the highest versus lowest
fourth = 0.61, 95% confidence interval [CI] = 0.39-0.97),
although there was no significant trend (OR per 75 percentile

increase = 0.69, 95 CI = 0.46-1.05, pyrena = 0.085). Genistein
and daidzein concentrations were not significantly associated
with risk (ORs for the highest versus lowest fourth = 0.70,
0.45-1.10 and 0.71, 0.45-1.12, respectively). In men from
Europe, circulating concentrations of genistein, daidzein and
equol were not associated with risk.

Figure 2 and Figures S1 and S2 show the associations of
isoflavones with prostate cancer risk for each study. Note that
because of the small number of cases in some studies and
missing data on some covariates, these analyses were not
adjusted for anthropometric and lifestyle factors; therefore,
the results shown in these figures for all studies combined
differ slightly from those shown in Figure 1. For genistein,
there was evidence of heterogeneity within European studies
(Pheterogeneity = 0.001): the OR for a 75 percentile increase in
genistein was 0.73 (95% CI: 0.56-0.95) in EPIC Phase 1, while
it was 1.51 (95% CI: 1.06-2.13) in EPIC phase 2 (Fig. S1).

The associations of isoflavone concentrations with prostate
cancer risk subdivided by time to diagnosis and other charac-
teristics are shown in Figures $3-S8. In Japanese studies, the

Int. ). Cancer: 143, 2677-2686 (2018) © 2018 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf

of UICC.

/'sdny wioy pepeojumod ‘TT ‘8TOZ ‘ST20L60T

00T 0T/10p/LIc0" o] I ARIGI U]

Cancer Epideiniology

5UBD| 7 SUOLUILIOD dAR1D 3|qedt|dde ay) Aq pausenob are sSpile YO ‘3sn Jo Sa|nJ 10§ Arig1auUlUO A3|IAN UO (SUOIIPUOD-PUR-SLLLIRY /WD AS | 1M ARe1d 1BU 1 UO//:Sd1IL) SUORIPUO:



Q
yo—
=]
o
=
Q
ja=]
v
(=%
=
-
)
Q
=
<
O

2682

Blood phytoestrogens and prostate cancer risk

A) Japanese studies
Isoflavone Fourth Cases/Controls OR (895% CI) Odds ratio & 95% Cl
Genilstein 1 700127 1.00
2 59/125 0.90 (0.58, 1.41 S
3 64/126 0.87 (0.57, 1.33 —_—
4 481125 0.67 (0.41, 1,09 —_—
Per 75%" Increase  241/503  0.70 (0.45, 1.10) i P, = 0.126
Daldzein 1 74127 1.00
2 45126 0.60 (0.37, 0.96 —_—
3 66/125 0.86 (0.55, 1.34 —_—
4 56125 0.71(0.45, 1.12 _—
Per 75%" Increase  241/503 0.81(0.52, 1.25) - = P, = 0.339
Equol 1 95173 1.00
2 40/80 0.99 (0.62, 1.60 —_—
3 66/126 1.00 (0.66, 1.51% Sl
4 40124 0.61(0.39, 0.9 —
Per 75%" increase  241/503 0.69 (0.46, 1.05) - P, = 0.085
I I 1 1
0.25 0.5 1 2 4
B) European studies
Isoflavone Fourth Cases/Controls OR (95% CI) Odds ratio & 95% Cl
Genistein 1 428/436 1.00 :
2 375/437 0.86 (0.70, 1.0 —
3 392/403 0.97 (0.78, 1.21 —
4 4101421 0.95(0.76, 1,18 —
Per 75%" increase 1605/1697  0.98 (0.80, 1.21) <> P, = 0.875
Daidzein 1 290/329 1.00
2 205/270 0.85 (0.66, 1.10 = =F
3 264/286 0.95 (0.74, 1.22 —
4 239/287 0.85 (0.65, 1.09} —
Per 75%" increase 9981172  0.87 (0.68, 1.12) < P, =0.284
Equol 1 400/467 1.00
2 70173 1.15(0.79, 1.68 —
3 299/275 1.33(1.05, 1.68 ——
4 199/253 1.10 (0.85, 1.42 -
Per 75%" increase 9681068  1.19(0.93, 1.52) 4= P,=0.162
| 1

| 1
0.25 0.5 1 2 4

Figure 1. ORs for prostate cancer associated with isoflavone concentrations in Japanese (a) and European (b) studies. The black squares
indicate the ORs in study-specific fourths, and the horizontal lines show the 95% Cls. The area of each square is proportional to the amount
of statistical information (inverse of the variance of the logarithm of the OR). The diamonds show the OR for an increase in concentration
from the 12.5 and 87.5 percentage points, and the widths of the diamonds show the 95% Cls. The y2 tests for linear trend (Ptr) were
calculated scoring the fourths as 0, 0.33, 0.67 and 1. Estimates are from conditional logistic regression on case-control sets matched within

each study and adjusted for age at blood collection (exact), body mass

index (BMI; <25, 25-27.4, 27.5-29.9 and =30 kg/m?, unknown),

height (<170, 171-175, 176-180 and »180 cm, unknown), marital status (married/cohabiting, not married/cohabiting, unknown),
educational status (did not graduate from high school/secondary school/college, high school/secondary school/college graduates, university
graduates, unknown) and cigarette smoking (never, past, current, unknown).

associations of genistein and equol concentrations with pros-
tate cancer risk did not differ significantly by age at diagnosis,
time to diagnosis, year of diagnosis, age at blood collection,
smoking status or alcohol consumption (Figs. $3 and S5). For
daidzein, there was significant heterogeneity by year of diag-
n08iS (Pheterogeneity = 0.032) with a reduction in risk of prostate
cancer for cases diagnosed before the year 2000 (OR per

75 percentile increase = 0.43, 95% CI = 0.20-0.92) but not in
cases diagnosed later (OR per 75 percentile increase = 1.21,
95% CI = 0.69-2.12) (Fig. S4).

In European studies, we found no evidence of heterogeneity
for the association of isoflavones with prostate cancer according
to time to diagnosis or other characteristics (Figs. S6-S8), with
the exception of daidzein and BMI (Pheterogencity = 0.028). Here,
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Table 3. Prediagnostic geometric mean (95% Cl) phytoestrogen concentrations (nmol/L) by study in cases and controls
Isoflavones i
Studies Genistein Daidzein Equol Enterolactone Enterodiol
Japanese
JACC (22) Case 331.8 (250.6-439.2)  127.6 (92.8-175.3) 10.3 (5.6-19.1) - -
Control  454.4 (361.3-571.6) 166.5 (130.5-212.3) 24.0 (16.2-35.7) - =
JPHC (23) Case 277.2 (235.5-326.2) 115.9 (96.6-139.0) 13.6 (10.6-17.4) - -
Control  294.0 (261.7-330.2) 122.8 (107.7-140.0) 17.4 (14.5-20.9) - =
European

EPIC, Phase 1 (16)  Case
Control

EPIC, Phase 2 (17)  Case
Control

EPIC-Norfolk (18) Case

Control

4.84 (4.29-5.48)
5.61 (5.00-6.29)
5.97 (5.26-6.79)
5.19 (4.59-5.87)

3.80 (3.42-4.22)
3.96 (3.58-4.38)

3.31 (2.08-5.27)
2.84 (2.28-3.54)

0.65 (0.61-0.70)
0.65 (0.60-0.69)

0.59 (0.28-1.24)
0.25 (0.14-0.44)

11.0 (10.1-11.9)
11.5 (10.6-12.4)

4.98 (3.74-6.63)
4.89 (4.10-5.83)

0.99 (0.91-1.07)
0.99 (0.92-1.08)

0.23 (0.14-0.36)
0.18 (0.15-0.22)

Janus NBSBWG (19) Case - -

Control - -
MDCS (24) Case - -
Control - -
NSHDC (25) Case - -
Control - -

- 6.55 (6.10-7.03) -
- 5.82 (5.58-6.07) -
= 9.57 (8.90-10.3) -
- 9.58 (9.06-10.1) -
= 15.5 (13.6-17.6) -
- 14.6 (13.4-15.9) -

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; NBSBWG, Janus Nordic Biological Specimen Biobank Working Group;
JACC, Japan Collaborative Cohort Study; JPHC, Japan Public Health Center-based prospective Study; MDCS, Malmo Diet and Cancer Study; NSHDC,

Northern Sweden Health and Disease Cohort.

daidzein was associated with a reduced risk of prostate cancer in
men with a BMI > 25 kg/m* (OR per 75 percentile increase = 0.72,
95% CI = 0.52-0.98) but not in normal-weight men (OR per
75 percentile increase = 1.29, 95% CI = 0.84-2.00) (Fig. S7).

No associations between circulating lignan concentrations
and prostate cancer risk were observed (OR per 75 percentile
increase = 1.04, 95 CI = 0.91-1.19 for enterolactone and OR
per 75 percentile increase = 0.99, 95 CI = 0.79-1.25 for enter-
odiol) (Fig. 3). There was also no evidence of heterogeneity in
these associations between the different studies (Figs. S9 and
$10) and these associations did not differ by tumour charac-
teristics or lifestyle factors (Figs. S11 and S12).

4. Discussion

The results of this collaborative analysis of individual partici-
pant data show no strong evidence that prediagnostic circulat-
ing concentrations of isoflavones or lignans are associated
with prostate cancer risk. Equol concentrations were weakly
inversely related with overall prostate cancer risk in Japanese
populations; this association was significant when we com-
pared the highest with the lowest fourth, but we did not find a
significant linear trend. When we looked into subtypes, we
found some evidence of heterogeneity in three subgroups;

however, given the number of comparisons made in our
study, these may be chance findings.

This large collaborative analysis has brought together and
reanalysed almost all of the available prospective data on the
associations of circulating isoflavone and lignan concentrations
with prostate cancer incidence, representing, as far as we are
aware, all of the worldwide prospective data on circulating genis-
tein, daidzein and equol, and over 90% of the worldwide data on
circulating lignans. While data on enterolactone from the
a-Tocopherol, B-Carotene Cancer Prevention Study (214 case
patients)®® and the Helsinki Heart Study (136 case patients)'®
were not available for this analysis, their results do not differ
materially from those reported here, and it is unlikely that these
data would have changed our summary risk estimates. The Mul-
tiethnic Cohort (MEC) study,” in which phytoestrogen concen-
trations were measured in urine, found a weak inverse
association between genistein and daidzein concentrations and
prostate cancer risk, which did not differ across the four ethnic
groups examined (African Americans, Japanese Americans, Lati-
nos, Whites). However, this study was not included in these ana-
lyses because urine concentrations are not comparable to
circulating concentrations, and because there was no other study
with urinary phytoestrogen measures with which to pool
these data.
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Ratio of median
concentrations

(top-bottom

Study Cases/Controls fourth) OR (95% Cl) Odds ratio & 95% CI
Japanese studies :
JACC 40/101 1825  0.37 (0.13-1.06) +-——e———+t
JPHC 201/402 785  0.74 (0.48-1.13) B
All studies 241/503 0.66 (0.45-0.99) e
European studies ;
EPIC phase 1 950/1042 13.7  1.19(0.93-1.51) -.—
EPIC-Norfolk 18/26 420 4.52 (0.73-27.82) >
All studies 968/1068 1.22 (0.96-1.55) O

I I : ] 1
Test of significance (Japanese studies): P = 0.042 0.25 0.5 1 2 4

Test of heterogeneity between Japanese studies: 1% = 1.45; P = 0.228
Test of significance (European studies): P = 0.104
Test of heterogeneity between European studies: 1% = 2.33; P = 0.127

Figure 2. Study-specific ORs (95% Cls) for prostate cancer associated with a 75 percentile increase in equol concentrations. Estimates are
from logistic regression conditioned on the matching variables within each study, but not further adjusted. Heterogeneity in linear trends
between studies and between Japanese and European studies was tested by comparing the »2 values for models with and without a
(studies) x (linear trend) interaction term. Abbreviations: European Prospective Investigation into Cancer and Nutrition (EPIC), Japan
Collaborative Cohort Study (JACC), Japan Public Health Center-based prospective Study (JPHC).

Lignan Fourth Cases/Controls OR (95% Cl) Odds ratio & 95% CI
Enterolactone 1 694/1418 1.00
2 678/1388 1.00 50.87. 1.15
3 742/1399 1.08 (0.94, 1.24
4 714/1388  1.02(0.89, 1.18)
Per 75%" increase 2828/5593  1.04 (0.91, 1.19) > P, = 0.533
Enterodiol 1 353/415 1.00
2 200/256 0.86 30.67, 1.10$ = ==
3 195/243 0.91(0.71, 1.17 ——
4 254/283 0.99 (0.77, 1.26 —
Per 75%" increase 1002/1197  0.99 (0.79, 1.25) <> P, = 0.941
1 1

I I
0.25 0.5 1 2 4

Figure 3. ORs for prostate cancer associated with lignan concentrations. The black squares indicate the ORs in study-specific fourths, and the
horizontal lines show the 95% Cls. The area of each square is proportional to the amount of statistical information (inverse of the variance of
the logarithm of the OR). The diamonds show the OR for an increase in concentration from the 12.5 and 87.5 percentage points, and the widths
of the diamonds show the 95% Cls. The y2 tests for linear trend (Ptr) were calculated scoring the fourths as 0, 0.33, 0.67 and 1. Estimates are
from conditional logistic regression on case-control sets matched within each study and adjusted for age at blood collection (exact), body mass
index (BMI; <25, 25-27.4, 27.5-29.9 and =30 kg/m?, unknown), height (<170, 171-175, 176—180 and 180 cm, unknown), marital status
(married/cohabiting, not married/cohabiting and unknown), educational status (did not graduate from high school/secondary school/college,
high school/secondary school/college graduates, university graduates, unknown) and cigarette smoking (never, past, current and unknown).

Some studies have studies whether prostate cancer risk is
related to the dietary intake of soya foods, but a meta-
analysis of prospective studies reported no association.”® A
meta-analysis of randomised controlled trials on the effect of
soya supplementation (mainly combining genistein, daidzein
and glycitein) on prostate cancer risk found only two small
trials in which the endpoint included precursor lesions.*’
Thus, conclusions on prostate cancer prevention cannot be
drawn.

Equol is a metabolite produced in the gastrointestinal tract
by bacterial metabolism of daidzein, and there is some evi-
dence that equol has higher hormonal activity that genistein
and daidzein.’®?! In vitro and animal studies have shown that
equol has anti-androgenic and anti-proliferative properties in
the prostate,’®* but its role in humans remains unclear.
Equol production varies between individuals, and the term
equol-producers refers to people who produce equol after con-
suming isoflavones; therefore it may be possible that the
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health benefits of soya-based diets are greater in equol-
producers than in equol non-producers.”. Only between
20 and 50% of individuals can produce equol,’*** and the
capacity to produce equol has been found to be lower among
American than Asian men,’® perhaps because Asian popula-
tions consume dietary isoflavones from an early age.

Both enterolactone and enterodiol are formed from plant-
lignan glycoside precursors by the activity of the gut micro-
biota in the proximal colon.>* Both in vitro and clinical stud-
ies have suggested that a diet rich in precursors of
mammalian lignans (e.g., whole grain rye, bran or flaxseed)
may have antiproliferative effects in the early stages of pros-
tate cancer development.”’~>* However, findings from the cur-
rent study do not support the hypothesis that circulating
lignans play a role in the aetiology of prostate cancer.

The current analyses have several strengths and limitations.
Strengths include the large sample size, the detailed data on partici-
pant characteristics, and the consistent statistical approach used to
analyse the individual participant data across the studies. More-
over, this collaboration only includes prospective studies, which
allowed us to assess whether associations varied by time from
blood collection to diagnosis and hence examine possible reverse
causality. The limitations of these analyses include the use of a sin-
gle blood sample measurement of phytoestrogens, as the true expo-
sure of interest is medium to long-term average levels of circulating
phytoestrogens. Two studies in women have shown that the
within-person reproducibility (over a 1- to 3-year period) is rela-
tively poor for daidzein and genistein.*>*' To our knowledge, only
one such reproducibility study has been carried out in men, which
showed an intra-class correlation coefficient (ICC) for plasma
genistein of 0.32 (95% CI 0.14-0.50) for samples collected approxi-
mately 5 years apart.'® However, these studies were performed in
Western populations, where the consumption of isoflavones is usu-
ally low and episodic over time; therefore a single measurement of
circulating isoflavones is unlikely to represent long-term average
exposure and may have led to attenuation of risk estimates. Low to
moderate ICCs over several years (over a 1- to 3-year period) have
also been found for circulating enterolactone (ICCs of 0.52*" and
0.55*!) and enterodiol (ICCs of 0.37*!) in women. Although we
have included almost all of the worldwide prospective data on cir-
culating phytoestrogens and prostate cancer, we had limited power
to assess associations by disease aggressiveness and other impor-
tant sub-groups, especially in Japanese populations, where isofla-
vone intake is high. Our study did not have sufficient mortality
data to perform separate analyses using prostate cancer death as
the outcome, but a recent cohort study found no association
between prediagnostic enterolactone concentrations and mortality
among men diagnosed with prostate cancer.*’.
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5. Conclusion

There was no strong evidence that prediagnostic circulating
concentrations of isoflavones or lignans are associated with
prostate cancer risk. However, further data are needed to
examine these associations by disease aggressiveness, espe-
cially in populations following traditional East Asian diets.
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