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2 (two acylcarnitines, glutamate, ornithine, and taurine) were also inversely associ-
ated with advanced prostate cancer; when stratified by follow-up time, these asso-
ciations were observed for diagnoses at or within 10 years of recruitment (OR4sp
0.80, 95% Cl 0.66-0.96 and 0.76, 0.59-0.97, respectively) but were weaker after
longer follow-up (0.95, 0.82-1.10 and 0.85, 0.67-1.06). Pattern 3 (8 lyso PCs) was
associated with prostate cancer death (0.82, 0.68-0.98). Our results suggest that
the plasma metabolite profile changes in response to the presence of prostate can-

cer up to a decade before detection of advanced-stage disease.

KEYWORDS
cancer biomarkers, European prospective investigation into cancer and nutrition (EPIC),
metabolomics, prospective cohort, prostate cancer

What's New?

Prostate cancer has few known risk factors, but metabolomics may provide some insight in this
regard. Here, the authors measured the levels of 148 different individual metabolites, and three
metabolite patterns, looking for an association with prostate cancer. They found an association
between certain metabolites and a reduced risk of advanced prostate cancer when diagnosed
within 10 years of blood collection. One metabolite pattern was associated with prostate cancer

death. These results suggest that prostate-cancer related changes in metabolite profile may

1 | INTRODUCTION

Prostate cancer is the second leading cause of cancer death in men world-
wide.r While few risk factors have been established, metabolomics may
be a useful tool for identifying pathways in prostate cancer etiology.>*

Multiple previous studies have investigated circulating metabo-
lites and their associations with more aggressive prostate cancer
tumor subtypes; however, these studies have generally lacked statisti-
cal power due to limited sample size (<580 advanced cases).>*"8 In
the most recent, a case-control study of 3057 matched pairs nested
within the European Prospective Investigation into Cancer and Nutri-
tion (EPIC) cohort, identified and assessed three metabolite patterns
in relation to prostate cancer risk?; a metabolite pattern characterized
by 64 diacyl- and acyl-alkyl phosphatidylcholines and three hydroxy-
sphingomyelins, as well as a metabolite pattern of two acylcarntines,
glutamate, ornithine, and taurine, were both found to be associated
inversely with advanced and aggressive prostate cancer risk. Further-
more, a metabolite pattern of eight lysophosphatidylcholines was
observed to be associated inversely with risk of advanced prostate
cancer and prostate cancer death.? Additionally, data from other
cohorts have reported inverse associations of glycerophospholipids®
and acylcarnitine C18:2* with aggressive prostate cancer risk, though
data from another cohort reported that six glycerophospholipids were
associated positively with aggressive prostate cancer.*

We also had an a priori interest in the amino acids based on previ-
ous evidence that amino acids, such as branched-chain and other
essential amino acids, and serine, may have an integral role in cancer

710-12 and could be a biomarker in distinguishing

12,13

cell proliferation,

more aggressive prostate cancer tumor subtypes.

occur up to 10 years prior to diagnosis.

For the current analysis, we expanded our previous dataset
considerably from 3057 sets? to 4387 matched sets, with extended
median follow-up from 9.7 to 10.8 years, and with 2477 cases
diagnosed more than 10 years after recruitment, compared to 1391
previously. With this larger dataset, we investigated associations of
148 metabolites and three previously determined metabolite pat-
terns? with overall, aggressive, advanced, high grade and death from
prostate cancer using the largest prospective sample size to date,

stratified at 10 years of follow-up time.

2 | METHODS

21 | Study population

The EPIC study is a multi-center prospective cohort study of >520,000
individuals including 153,400 men, aged mainly between 35 and 70, from
19 centers in eight countries (Denmark, Germany, Greece, ltaly,
Netherlands, Spain, Sweden, and United Kingdom) who were recruited
between 1992 and 2000.1* Detailed information on diet and lifestyle
was collected at recruitment, and 139,600 men provided a blood sample.
Men were eligible for the current study if they had blood stored at the
central biobank at the International Agency of Research on Cancer, Lyon,
France (IARC; centers in Germany, Italy, Netherlands, Spain, and
United Kingdom), or if recruited in Denmark, samples were stored locally
only. Further eligibility criteria were that the date of blood collection was
known, and no cancer (except non-melanoma skin cancer) had been
diagnosed at the time of blood collection. As a result, data for 4387 cases

and 4387 matched controls were available for this study.
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2.2 | Follow up for cases and controls

In Denmark, Italy, the Netherlands, Spain, and the United Kingdom,
information on cancer cases, tumor subtypes, and vital status was iden-
tified through population cancer registries. In Germany, a combination
of methods, such as cancer and pathology registries, health insurance
records, and active follow-up of study subjects were used.'*

Men diagnosed with prostate cancer (defined as code Cé61 in the
10th revision of the International Statistical Classification of Diseases
and Related Health Problems [ICD-10]) after blood collection and
before the end of follow-up were categorized as cases.? Each case
was matched to one control participant, selected randomly from male
cohort participants who were alive and free of cancer (except non-
melanoma skin cancer) at the time the case was diagnosed. An inci-
dence density sampling procedure was used so that a control could
become a case at a later date, or be a control for multiple cases. Thus,
the OR provides an unbiased estimate of the incidence rate ratio,
which would have been obtained from the full cohort.?® Matching cri-
teria included study center, length of follow-up and age (+6 months),
time of day (+1h), and fasting status (<3, 3-6, >6 h) at blood
collection.

Prostate cancer subtypes were categorized based on the tumor-
node-metastasis system and histological grade as follows. Advanced
(T3-4 and/or N1-3 and/or M1, or coded as advanced, n = 943), high
grade (Gleason score 8+ or coded as undifferentiated tumors,
n = 462), aggressive (advanced, and/or high grade, and/or preopera-
tive PSA >20 ng/mL), and/or death from prostate cancer as the
underlying cause of death (n = 1495). Overall, 453 men died from

prostate cancer as the underlying cause during follow-up.

23 |
assay

Blood collection and laboratory analysis/

A standardized protocol was followed for blood collection and proces-
sing, and fasting was not required (details published elsewhere).** In
brief, for participants from Germany, Italy, the Netherlands, Spain, and
the United Kingdom, samples were stored at IARC in plastic straws at
—196°C. In Denmark, blood samples were stored in tubes in local
repositories, and kept in nitrogen vapor at —150°C. Samples were all
assayed at IARC in Lyon, France using the AbsolutelDQ® p180 Kit
(Biocrates Life Sciences AG, Innsbruck, Austria), and following the pro-
cedure recommended by Biocrates. To quantify metabolites, liquid
chromatography-mass spectrometry (LC-MS) was applied. All samples
were assayed using one LC instrument (Agilent 1290, Santa Clara, CA,
USA) coupled with an MS instrument (Triple Quad 4500, AB Sciex,
Framingham, MA, USA). Samples from matched case-control sets
were assayed in the same analytical batch, along with quality control
samples from pooled plasma. Laboratory personnel were blinded to
sample category, which includes case, study control, or quality control.
A total of 148 metabolites were quantified.

A majority of metabolites (119/148) were measured in all the par-

ticipants. These were 8 acylcarnitines, 21 amino acids, 5 biogenic

amines, 72 phosphatidylcholines (lysophosphatidylcholines [lyso PC,
n = 8], diacyl phosphatidylcholines [PC aa, n= 31] and acyl-alkyl
phosphatidylcholines [PC ae, n = 33]), hexose and 12 sphingomyelins
(denoted hydroxysphingomyelins [SM (OH), n = 5] and sphingomye-
lins [SM, n = 7]). In samples from Denmark, additional data were avail-
able for 17 metabolites that had either been excluded in the previous
dataset due to not passing quality control thresholds (6 acylcarnitines,
1 amino acid, 2 biogenic amines, 1 lyso PCs, 2 PC aas, and 2 PC aes)
or were not previously available (1 lyso PC and 2 SMs). However, we
report them here for the Danish data as they passed quality control in
the Danish dataset.

2.4 | Statistical analysis

241 | Individual metabolites
Metabolite measurements were logarithmically transformed for all
analyses.

To estimate the risk of prostate cancer per one standard deviation
increase in log metabolite concentration, conditional logistic regression
was used conditioned on the matching factors. The analysis was further
adjusted for exact age at blood collection (continuous), baseline values of
body mass index (quartiles; unknown [0.5%]), smoking (never, past, cur-
rent and unknown [1%]), alcohol intake (<10, 10-19, 20-39 and 240 g
of alcohol/day; unknown [0.1%]), attained education level (primary, sec-
ondary, degree level and unknown [3.3%]) and marital status (married or
cohabiting, not married or cohabiting, and unknown [47%)).

The analyses were performed for the full data set (n case = 4387)
and were also run by tumor subtype (advanced, aggressive, and high
grade). To assess the potential for reverse causation in the associa-
tions of metabolites with risk of more aggressive prostate cancer
stages, analyses for advanced, aggressive, and high-grade prostate
cancer, as well as death from prostate cancer, were further stratified
by time to diagnosis (<10/>10 years); this was done to assess the
potential for reverse causality in our analysis of the association of
metabolites and metabolite patterns with risk of prostate cancer.

For analyses of individual metabolites, we accounted for multiple
testing using the FDR as defined by Benjamini-Hochberg,*® with a
threshold of 0.05. All tests of statistical significance were two-sided.
P-values after FDR are referred to as padj (0.05 was considered as the
conventional level for statistical significance).

2.4.2 | Metabolite patterns

To compare with our previous EPIC study,? we projected the three
treelet components previously identified in 3057 matched sets into
the new data from Denmark (1330 matched sets). The treelet compo-
nents were identified using treelet transform (as described by Gorst-
Rasmussen et al.) .27 |n summary, treelet transform is a linear
dimension-reduction method that aims to summarize the metabolite

concentrations into fewer latent variables, in order to best capture
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the observed variation in the overall set of metabolites. Full details of
the individual metabolites contributing to each metabolite pattern can
be found in Supplementary Document 1. Conditional logistic regres-
sion using the treelet components as exposure variables was con-
ducted as described for individual metabolites but without correction
for multiple testing (p <.05).

All analyses were conducted in Stata Statistical Software Package,

version 15 (Stata Corporation, College Station, TX).

3 | RESULTS

Table 1 shows the main characteristics of the participants. On aver-
age, participants were 58 years old (SD = 6.5 years) at blood collec-
tion. There were no marked differences between cases and controls

for selected characteristics.

3.1 | Individual metabolites

There were no associations of the individual metabolites, including
the amino acids, with overall, aggressive, high-grade prostate cancer,
prostate cancer death, or advanced prostate cancer before stratifica-
tion by follow-up time, after adjustment for multiple testing.

For men with advanced prostate cancer diagnosed at or within
10 years of blood collection, the association with PC aas C42:4
(OR4sp = 0.64, 95% Cl 0.50-0.82, p-value = .0003, padj = 0.02), C40:2
(OR4sp = 0.68, 95% Cl 0.56-0.85, p-value = .0005, padj = 0.02), C40:3
(OR1sp = 0.72, 95% Cl 0.59-0.88, p-value = .001, padj = 0.04), and PC
aes C38:2 (ORysp =0.70, 95% Cl 0.57-0.85, p-value =.0003,
padj = 0.02), C40:3 (ORysp=0.67, 95% ClI 0.53-0.86,
p-value = .001, padj = 0.04), and C42:3 (OR4sp = 0.74, 95% ClI
0.60-0.89, p-value = .002, padj = 0.05) passed correction for multi-
ple testing(FDR <0.05) (see Figure 1).

Of the amino acids, eight (serine, threonine, aspartic acid,
histidine, glutamine, proline, arginine, and asparagine) were con-
ventionally significantly (p-value <.05) associated with at least
one prostate cancer outcome (Supplementary Document 2). The
strongest association was observed for serine, which associated
positively with aggressive prostate cancer risk (ORysp = 1.10, 95%
Cl 1.01—-1.19, p-value = .02, padj = 0.49), including for diagnoses
more than 10 years after blood collection (OR4sp = 1.20, 95% CI
1.07-1.35, p-value = .002, padj = 0.31).

3.2 | Metabolite patterns and prostate cancer risk
Figure 2 and Supplementary Document 3 show associations of metab-
olite patterns and risk of prostate cancer. There were no associations
found for prostate cancer overall, nor with aggressive or high-grade
prostate cancer.

Metabolite pattern 1 (characterized by higher concentrations

of diacyl and acyl-alkyl phosphatidylcholines and three

TABLE 1 Characteristics of 4387 prostate cancer patients and
4387 controls from EPIC.

Characteristic Cases (4387) Controls (4387)
Age at blood collection, 57.8 (6.50) 57.7 (6.50)
years mean (SD)
Height, cm mean (SD) 173.7 (7.15) 173.8 (7.26)
Body mass index, 26.7 (3.38) 26.8 (3.51)
kg/m?mean (SD)
Smoking, n (%)
Never 1433 (33.0) 1334 (30.7)
Former 1782 (41.1) 1813 (41.7)
Current 1123 (25.9) 1198 (27.6)
Alcohol consumption, n (%)
<10 g/day 1582 (36.2) 1580 (36.0)
10-19 g/day 950 (21.7) 958 (21.8)
20-40 g/day 961 (22.0) 991 (22.6)
240 g/day 883 (20.2) 857 (19.5)
Physical activity, n (%)
Inactive 852 (19.7) 887 (20.5)
Moderately inactive 1350 (31.3) 1362 (31.5)
Moderately active 1028 (23.8) 1030 (23.8)
Active 1090 (25.2) 1045 (24.2)
Marital status, n (%)
Married or cohabiting 2051 (88.5) 2063 (88.9)
Not married or 267 (11.5) 257 (11.1)
cohabiting
Educational attainment,
n (%)
Primary or equivalent 1637 (38.6) 1615 (38.0)
Secondary 1489 (35.2) 1529 (36.0)
Degree 1110 (26.2) 1107 (26.0)
Cases only
Year of diagnosis, 2006 (1994-2012)
median(range)
Time to diagnosis, n (%)
<5 years 493 (11.5)
5-10 years 1316 (30.7)
10-15 years 1904 (44.4)
215 years 573(13.4)
Data source, n (%)
Schmidt et al. (2020) 3057 (69.7%) 3057 (69.7%)
New Danish data 1330 (30.3%) 1330 (30.3%)

hydroxysphingomyelins) was associated inversely with advanced-
stage prostate cancer risk (odds ratio for an SD increase in treelet
component score OR;sp = 0.88, 95% ClI 0.79-0.99, p-value = .03).
When stratifying by follow-up time, the association only remained for
men diagnosed at or within 10 years of blood collection (OR;sp = 0.80,
95% Cl 0.66-0.96, p-value = .02), while for men diagnosed later, the
odds ratio was 0.95 (95% Cl 0.82-1.10, p-value = .47).
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Phosphatidylcholines Cases Odds Ratios (95% ClI) Padj
PC aa C40:2

Advanced 943 —— 0.85 (0.76,0.95) 0.13
Advanced < 10 years 394 —— 0.68 (0.56,0.85) 0.02
Advanced > 10 years 549 —— 0.91 (0.80,1.00) 0.73

PC aa C40:3

Advanced 943 —i— 0.85 (0.76,0.95) 0.13
Advanced < 10 years 394 —— 0.72 (0.59,0.88) 0.04
Advanced > 10 years 549 —— 0.91 (0.80,1.00) 0.73

PC aa C42:4

Advanced 941 —m— 0.85(0.75,0.95) 0.14
Advanced < 10 years 393 —a— 0.64 (0.50,0.82) 0.02
Advanced > 10 years 548 —1— 0.93 (0.81,1.10) 0.81

PC ae C38:2

Advanced 943 —— 0.90 (0.81,0.99) 0.30
Advanced < 10 years 394 —— 0.70 (0.57,0.85) 0.02
Advanced > 10 years 549 —— 1.00(0.88,1.10) 0.99

PC ae C40:3

Advanced 943 —— 0.91 (0.81,1.00) 0.32
Advanced < 10 years 394 —— 0.67 (0.53,0.86) 0.04
Advanced > 10 years 549 —N— 0.99 (0.87,1.10) 0.99

PC ae C42:3

Advanced 943 —— 0.82(0.74,0.93) 0.10
Advanced < 10 years 394 —— 0.74 (0.60,0.89) 0.05
Advanced > 10 years 549 —a— 0.88 (0.76,1.00) 0.62

0:5 Ozﬁ 0i7 0:8 0:9 1 1:1 1i2
Odds ratios and 95% Cl
FIGURE 1 Odds ratios of advanced prostate cancer by concentration of six phosphatidylcholines. Odds ratios of advanced prostate cancer

associated with a one standard deviation increase in concentration of six PCs. Stage and grade of prostate cancer were categorized using the
tumor-node-metastasis (TNM) system and Gleason score, respectively; advanced (T5_4 and/or N41_3 and/or My, or coded as advanced. Cl,
confidence interval; OR4sp, odds ratio for a one standard deviation increase in metabolite concentration.

Pattern 2, which comprised higher acylcarnitines C18:1 and
C18:2, glutamate, ornithine, and taurine, was also associated inversely
with advanced-stage prostate cancer risk (ORysp = 0.80, 95% ClI
0.68-0.94, p-value = .008). Similar to Pattern 1, the association was
stronger in men with 10 or fewer years of follow-up (OR4sp = 0.76,
95% Cl 0.59-0.97, p-value = .03), than for cases diagnosed later
(OR1sp = 0.84, 95% CI 0.67-1.06, p-value = .15).

Men who scored higher on Pattern 3, which is characterized by
eight lysophosphatidylcholines, had a lower risk of prostate cancer
death (ORysp = 0.82, 95% Cl 0.68-0.98, p-value = .03). In those diag-
nosed at or within 10 years, the odds ratio was 0.77 (0.61, 0.99, p-
value = .04), and in those diagnosed after longer follow-up, the odds
ratio was 0.87 (0.65, 1.18, p-value = .39).

4 | DISCUSSION

In this large prospective case-control study of plasma metabolites

and prostate cancer risk, there were associations observed

between 3 PC aas and 3 PC aes and lower risk of advanced prostate
cancer, in men diagnosed at or within 10 years of blood collection.
For the amino acids, serine was associated with an increased risk of
aggressive prostate cancer after 10 years of follow-up, though this
association did not remain after correction for multiple testing.
Finally, using three metabolite patterns that were previously
identified,> we observed a lower risk of advanced-stage prostate
cancer in men with metabolite profiles characterized by higher con-
centrations of PCs and SM(OH)s (Pattern 1) and acylcarnitines
C18:1 and C18:2, glutamate, ornithine and taurine (Pattern 2), diag-
nosed at or within 10 years of blood collection. Furthermore,
higher levels of Pattern 3 (8 lyso PCs) were associated with lower
risk of death from prostate cancer.

Previously in EPIC, we investigated metabolite patterns and pros-
tate cancer, using a subset of the current data (~70%).2 In this earlier
analysis, we reported that Patterns 1 and 2 were inversely associated
with advanced prostate cancer overall, however, in our current extended
analysis this association does not persist in men diagnosed more than
10 years after blood collection. PC aas C40:2, C40:3, and C42:4, which
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Pattern 1

Pattern 2 Pattern 3

Aggressive prostate cancer Cases Odds Ratios (95% Cl)  P-value Odds Ratios (95% Cl)  P-value Odds Ratios (95% Cl)  P-value

Aggressive subtypes

Aggressive 1495 — 0.95(0.87,1.03) 0.26 —— 0.99(0.88,1.11) 0.84 —— 0.9(0.88,1.06) 0.51
Aggressive < 10 years 669 —— 0.97(0.84,1.10) 0.60 — 0.99(0.83,1.17) 0.90 — 0.93(0.80,1.07) 0.29
Aggressive > 10 years 790 ——— 0.96(0.85,1.08) 0.50 — 1.01(0.85,1.20) 0.90 —1— 1.03(0.91,1.17) 0.58

Advanced 930 — 0.88(0.79,0.99) 0.03 —— 0.80(0.68,0.94) 0.01 —— 0.94(0.84,1.06) 0.33
Advanced < 10 years 390 —_— 0.80(0.66,0.96) 0.02 <—8— 0.76(0.59,0.97) 0.03 —— 0.93(0.77,1.13) 0.47
Advanced > 10 years 540 ——— 0.95(0.82,1.10) 0.47 —_— 0.84(0.67,1.06) 0.15 —— 0.98(0.84,1.15) 0.81

High grade 452 — 0.92(0.78,1.08) 0.29 —_—— 1.02(0.82,1.27) 0.86 — 1.04(0.88,1.23) 0.62
High grade < 10 years 176 —_—. 0.94(0.72,1.23) 0.67 —_— 1.03(0.73,1.44) 0.86 — 8> 1.0(0.73,1.36) 1.00
High grade > 10 years 270 —_—— 0.94(0.76,1.16) 0.57 —_— > 1.08(0.80,1.46) 0.60 —t—8—> 1.10(0.89,1.37) 0.38

Death 448 — . 0.97(0.82,1.15) 0.73 — > 1.11(0.89,1.40) 0.35 — 0.82(0.68,0.98) 0.03
Death < 10 years 241 —_—— 1.03(0.83,1.29) 0.78 —_— > 1.13(0.84,1.52) 0.41 —_— 0.77(0.61,0.99) 0.04
Death > 10 years 171 _— 0.93(0.69,1.25) 0.63 —_— 1.03(0.69,1.54) 0.89 —_— 0.87(0.65,1.18) 0.39

05 08 1 iz 0.6 08 1 1z 06 08 1 1z

Odds ratios and 95% CI

Odds ratios and 95% CI

0Odds ratios and 95% CI

FIGURE 2 Odds ratio of prostate cancer subgroups associated with a one standard deviation increase in metabolite pattern scores. Odds
ratio of prostate cancer subtypes associated with a one standard deviation increase in metabolite pattern scores. Stage and grade of prostate
cancer were categorized using the tumor-node-metastasis (TNM) system and Gleason score, respectively; advanced (T3_4 and/or N4_3 and/or My,
or coded as advanced), high grade (Gleason 8+ or coded as undifferentiated tumors), and aggressive (advanced, high grade, and death combined).
Death from prostate cancer during follow-up was defined as prostate cancer listed as the underlying cause of death on the death certificate. Cl,
confidence interval; OR4sp, odds ratio for a one standard deviation increase in metabolite pattern score.

were associated with men diagnosed with advanced-stage disease at or
within 10 years of blood collection in our individual metabolites analysis,
were among several PC aas that were associated with lower risk of
advanced prostate cancer previously in EPIC.2 However, in this previous
study associations were similar in cases by duration of follow-up. Simi-
larly, higher levels of several PC aes were associated with lower risk of
advanced prostate cancer in the previous study, among them PC aes
C38:2 and C42:3, which were associated with advanced disease in men
with up to 10 years of follow-up in our current individual metabolites
analyses.?

Finally, in line with our current findings, our previous study found
Pattern 3 to be associated with lower risk of death from prostate can-
cer.? In our current analyses by follow-up time, however, Pattern
3 was associated with death only in men diagnosed within 10 years of
blood collection, though there were a relatively small number
of deaths limiting the power of the stratified analyses.

The weaker association in the subgroups with longer follow-up,
despite the now larger sample size and greater power to detect an
association, suggests that the associations observed may be due to
reverse causation, with the presence of pre-clinical cancer altering
metabolite levels.**

Comparing these results to other prospective cohort studies is
complex, due to differing analytical platforms and different classi-
fications of aggressive prostate cancer tumor subtypes. Though
there are no other studies that applied dimension reduction
methods to the full set of metabolites available in this EPIC study,
a principal component analysis (PCA) conducted in the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC)
reported that the first principal components of metabolites in

pathways of uracil-containing pyrimidine, dipeptide, glycine/
serine/threonine, gamma-glutamyl amino acid, aminosugar, poly-
unsaturated fatty acid (n3 and né), and endocannabinoid metabo-
lism were associated positively with risk of overall lethal prostate
cancer.’ In a gene set analysis, the ATBC study reported strong
inverse associations between lipid and energy metabolite chemical
classes and aggressive cancer.” Meanwhile, the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial did not find any of
their 10 calculated principal components to have an association
with aggressive prostate cancer.® Regarding individual metabolite
analyses, in the ATBC study higher glycerophospholipid concentra-
tions were associated with lower risk of tumor stage T3 prostate
cancer.® In contrast, a nested case-control in the Northern Sweden
Health and Disease Study (NSHDS) found that higher concentra-
tions of three phosphatidylcholines (PC aes C38:3, C38:4, and
C40:2) were associated with increased aggressive prostate cancer
risk, which included tumor stage T3.# There have been few studies
on the metabolites loading on Pattern 2 and their associations with
risk of advanced prostate cancer.

The current analyses found that men with higher scores of Pattern
3 (8 Lyso PCs) had a lower risk of death from prostate cancer. In line
with this, in an ATBC study, higher levels of lysolipid 1-linoleoyl-
glycerophosphatidylcholine (18:2) (which is comparable to lysoPC
C18:2 included in Pattern 3) were also associated with reduced risk of
prostate cancer death.’ In contrast, in the NSHDS, three Lyso PCs
(C17:0, C20:3, and C20:4) were associated positively with aggressive
prostate cancer risk

Our results by time to diagnosis suggest that the associations

with advanced disease are likely due to the influence of prostate
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cancer on the circulating metabolome, rather than the circulating
metabolome affecting risk of prostate cancer development. This is in
line with findings of marked changes in the metabolite profile of men
with prostate cancer (as reviewed by Kelly et al. (2016) and Lima et al.
(2016)), including in circulating levels of glycerophospholipids and
amino acids.??°

Many of the measured metabolites have been implicated in
post-diagnostic prostate cancer studies. For example, in a review
of metabolomics biomarkers of prostate cancer, the author noted
that there was evidence of glutamate and taurine in distinguishing
malignant from benign prostatic tissue in a magnetic resonance
spectroscopy (NMR) study'?; a more recent NMR study also found
increased glutamate levels in tumors with progressively higher
Gleason scores.?! Men diagnosed with prostate cancer have
also been found to have altered levels of acylcarnitines, lyso PCs,
and PCs.20-22

Following up on an a priori interest in the amino acids, none of
the amino acids were significantly associated with prostate cancer
subtypes after correction for multiple testing. However, serine was
positively associated at conventional significance with aggressive dis-
ease in men with more than 10 years of follow-up; chance cannot be
excluded as a possible explanation, and replication and a larger sample
size would be needed to further investigate this. Several laboratory
studies have suggested that serine may have an integral role in cancer

2 and maybe a biomarker in distinguishing more

cell proliferation,*
aggressive prostate cancer tumor subtypes.® Serine is strongly inter-
connected with glycine metabolism, which has been implicated in
cancer cell growth and as a plausible predictor of metastatic prostate
cancer.?>2> Furthermore, a case-control analysis that pooled five
different cancers (prostate included) observed that plasma-free amino
acids, including serine, were present in higher concentrations in those

who had cancer.?®

41 | Strengths and limitations
Due to the large cohort size, this analysis provided greater statisti-
cal power than prior prospective studies, including our previous
analysis, especially for analyses by prostate cancer subtype and
time to diagnosis. For instance, we were particularly interested in
advanced prostate cancer; for men with advanced disease, there
were 350 additional cases in the current study, including 62 new
cases for men diagnosed within 10 years of blood collection, and
288 new cases for men with advanced disease after 10 years of
blood collection.? Furthermore, using both individual metabolites
and metabolite patterns as exposure variables allowed for the iden-
tification of specific metabolite risk associations, as well as investi-
gation of the associations with groups of correlated metabolites
that might implicate potential metabolic pathways.

Limitations include different sample handling procedures
between study centers, as well as the use of non-fasting blood sam-

ples, both of which may impact measured metabolite levels.?”2% In

JOURNAL of CANCER

order to mitigate these effects, cases and controls were matched
on study center and fasting status.?’ Furthermore, only one blood
sample was available per participant, which may lead to attenuation
of risk estimates if a single measurement does not represent
long-term exposure. 3051

Our work on an extended dataset emphasizes the importance of
a large sample size for stable risk estimates. These results may have
implications for other nested case-control studies of metabolites and

cancer types.

5 | CONCLUSION

These findings suggest that the results of our previous study between
circulating metabolites and prostate cancer risk may be explained by
the effects of pre-clinical disease. We identified several associations
between metabolites and risk of advanced prostate cancer among
men diagnosed in the first 10 years after blood collection. These
results may indicate that the metabolite profile of blood starts to
change in response to prostate cancer up to a decade before the

cancer is detected at an advanced stage.
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