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Whether chronic inflammation mirrored by high levels of systemic inflammatory markers such as high sensitive-CRP (hs-CRP)
and white blood cell count (WBC) are associated with prostate cancer development remains unclear. In the Prostate Cancer
Study throughout Life (PROCA-life), a prospective population-based cohort study, 7,356 men were included. Prediagnostic WBC
and hs-CRP were assessed from blood collected at study entry; 2,210 participants also had a second CRP measure during
follow-up. During a mean 11.8 years follow-up, 509 men developed prostate cancer (mean age at diagnosis 71.7 years).
Multivariable Cox proportional hazard regression models were used to study whether individual biomarkers (WBC, hs-CRP), a
combined score based on analyte tertiles (score range 2-6), or change in CRP were associated with risk and severity of
prostate cancer. We observed a positive dose-response relationship between hs-CRP and prostate cancer risk with a Hazard
Ratio (HR) per mg/l of 1.3, 95% Cl 1.00-1.07. Men with an increase in hs-CRP between two measurements (Ahs-CRP) of

21.00 mg/l had a 36% increased risk of prostate cancer (HR 1.36, 95% Cl 1.02-1.82), compared to men with no change or
decrease in hs-CRP. Men with a systemic inflammatory score of 5 or 6 had a 68% higher risk of being diagnosed with
metastatic disease (HR 1.68, 95% Cl, 1.04-2.73) compared to men with lower scores. Our study supports that hs-CRP including
repeated measurements alone or in combination with WBC may be a useful inflammation-related biomarker for prostate cancer
risk and prognosis.
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Additional Supporting Information may be found in the online version of this article.
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What’s new?

Inflammatory serum markers

Although chronic inflammation likely influences prostate cancer development, a clear association is yet to be established. In
particular, uncertainties remain regarding the relationship between systemic inflammatory markers and prostate cancer. In this
investigation of data for more than 7,350 men, pre-diagnostic levels of C-reactive protein (CRP), measured via high-sensitivity
CRP (hs-CRP) testing at study entry and at follow-up, were associated with a dose-response increase in prostate cancer risk.
Risk and disease severity were further associated with a combined score incorporating both hs-CRP and white blood cell count,
highlighting the relevance of inflammation in prostate cancer development and prognosis.

Introduction

Chronic inflammation, one hallmark of cancer development’
has been questioned as playing a key role in prostate cancer
development. The suggested hypothesis is partly based on
observations of inflammatory cells in the prostate microenvi-
ronment of adult men, and on inflammation being associated
with precursor lesions in the prostate gland, termed prolifera-
tive inflammatory atrophy. However, a causal relationship
between inflammation and prostate cancer development—one
of the most common invasive cancers among men globally—
has yet to be established.”™*

Currently, prostate-specific antigen (PSA) is the only non-
invasive biomarker in clinical use to detect and evaluate effi-
cacy of prostate cancer treatment, but has a low sensitivity in
prostate cancer diagnosis.” However, PSA testing has led to a
dramatic increase in incidence of prostate cancer, and the
majority of prostate cancer cases have been localized disease.®
Key challenges in diagnostics of prostate cancer are to develop
better tools to identify individuals at high risk for prostate
cancer, and to distinguish between tumors with a low malig-
nant potential that are unlikely to require therapeutic inter-
vention compared to tumors that should be treated.

Blood levels of two commonly available measures—C-reactive
protein (CRP) and white blood cell count (WBC) are indicators
of systemic inflammation. Interesting observations suggest that
these biomarkers could predict risk for prostate cancer develop-
ment and progression.7_10 CRP is an acute phase protein that
reflects tissue injury and has become a widely used systemic bio-
marker of acute infection or inflammation in clinical practice.
CRP is relatively stable in serial measurements in healthy indi-
viduals.'""? Furthermore, local inflammation has been observed
in 35-100% of prostate cancer biopsies.z’w’15

Previous studies investigating the association between CRP
and risk for prostate cancer development have shown conflicting
results, as some studies found positive associations between level
of inflammation-related biomarkers and risk of prostate can-
cer”'®"; others have not.'®** However, most studies have
included only one single measurement of CRP, with a limited
number of prostate cancer cases and short follow-up time.”'¢>*

The aim of the present study was to investigate associa-
tions between the inflammation-related biomarkers CRP and
WBC and risk of prostate cancer development and severity.
A second aim is to determine whether markers of inflamma-
tion (WBC and high sensitivity-CRP, hs-CRP) independently

or in combination were associated with risk and severity of pros-
tate cancer, and to look at change in CRP and risk of prostate
cancer development and severity. The Prostate Cancer Study
throughout life (PROCA-life) study includes a subset of men
included in the population-based Tromsg Study, who had avail-
able measures of CRP and WBC.

Methods

Study population

The PROCA-life study includes all men, age > 25 years who
enrolled in the population-based, prospective cohort Tromse
study between 1994 and 2008 (Tromse 4, 1994-1995, Tromse
5, 2001, Tromse 6, 2007-2008).>*° The procedures were almost
identical and assessments were done by trained research techni-
cians. All age-eligible men in the Tromse geographic area were
invited to participate via a personal written invitation, and non-
respondents were given one reminder. Once enrolled, all partici-
pants were invited to participate in the regular next follow-up
survey (second measurement). The attendance rate for men was
on average 67% in the three health surveys.*® For the present
study, only men who attended the second visit in Tromse 4 or
Tromsg 5, and all men in Tromse 6, were eligible (n = 7,720).
Measurements of prediagnostic hs-CRP >20 mg/l and/or
prediagnostic WBC > 15 x 10°cells/l, which may mirror other
acute or chronic diseases, were excluded (high hs-CRP: n = 285,
high WBC: n = 44). Participants with prevalent or previous can-
cer (n = 334), or who developed cancer within the first year after
the enrollment in the study (n = 58) were excluded to account
for the possibility that undiagnosed cancer or severe illness could
influence the results (Fig. 1). All men completed questionnaires,
blood draws and basic clinical measurements. The PROCA-Iife
study has been approved by the Regional Committee for Medical
and Health Research Ethics North (REK) (2015/1059). All partic-
ipants have signed consent declarations when enrolled in the
Tromse Study.

Questionnaires and clinical assessments
Information about medical history, lifestyle factors, dietary fac-
tors, medication, smoking history, and level of physical activity
were obtained from the questionnaires. We defined being physi-
cal active as: more than 1 hour/week of strenuous exercise, or
any leisure time exercise more than two to three times/week.
Height and weight were measured on an electronic scale with
the participants wearing light clothing and no shoes. Height was
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Total flow
All men
Survey 4-6
(1994-2008)
(n=7,720)
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(n=7,663)
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(n=7,270)
Prostate cancer Non cases
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(n=2,338)
hs-CRP 2 hs-CRP 1
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(n = 1,588)
A hs-CRP
(n=2,210)

/\

Prostate cancer cases

Non cases

A hs-CRP (n=220) A hs-CRP (n =1,990)

Figure 1. Flow chart for the population included in the PROCA-life study between 1994 and 2008.

measured to the nearest centimeter (cm) and weight to the
nearest kilogram. BMI was calculated using the formula weight/
height” (kg/m®).”® Blood pressure was measured three times in a
resting position, and the mean of the two last measurements
were used.

Assessment of serum inflammation-related biomarkers and
other serum markers

Blood samples were drawn by trained research assistants on
attendance at each survey, and were nonfasting. Analyses of
serum samples were done at the Department of Laboratory
Medicine, University Hospital of Northern Norway (UNN),
Tromse, Norway.””> Serum samples from men who attended
the first two surveys (Tromse 4 or 5: 1994-95 and/or 2001)
were kept frozen up to 12 years at —70°C and later analyzed,
while hs-CRP was assessed in fresh samples from men who
attended the final survey (Tromse 6: 2007-08). Hs-CRP was
analyzed by a particle-enhanced immune turbid metric assay
on a Modular P auto-analyzer (Roche Diagnostics, Mann-
heim, Germany) with reagents from the manufacturer with a
detection limit of 0.12 mg/l. For WBC counts, 5 ml of blood
was collected into Vacutainer tubes containing EDTA as an
anticoagulant (K3-EDTA 40 11, 0.37 mol/l per tube), and ana-
lyzed within 12 hr by an automated blood cell counter
(Coulter CounterQO, Coulter Electronics, Luton, UK and
Coulter LH750, Nerliens Meszansky). Total cholesterol was
analyzed by enzymatic colorimetric methods with commer-
cially available kits (CHOD-PAP for cholesterol). PSA mea-
surements were done for cancer cases only, as part of clinical
routine in diagnosis and follow-up (1990-1994 Stratus® PSA

Fluorometric Enzyme Immunoassay, 1994-2001 AxSYM Psa
Reagent Pack, Abbot®, 2001 Bayer® PSA Reagens Pack Immuno
I (Prod. Nr.T01-3450-51), Technicon Immuno I). For prostate
cancer cases diagnosed or treated in other institutions (n = 21),
PSA values from their local laboratories were recorded.

Identification of prostate cancer cases during follow-up
Prostate cancer cases during follow-up (until December 31,
2016) were identified by using the unique national 11-digit
identification number through linkage with the Cancer Regis-
try of Norway. Among 7,270 men that were included in our
study, 509 men were diagnosed with verified invasive prostate
cancer during follow-up, and there was no ongoing screening
programs for prostate cancer in Tromse during the study
period. Follow-up time was calculated from date of entry into
the study, to the date of censoring (prostate cancer diagnosis,
emigration, death, or end of follow-up [December 31, 2016]).

Detailed clinical information for the prostate cancer cases
was obtained from the medical records (e.g., disease stage,
treatments, recurrence) by trained physicians (TK and ES).
All histopathological specimens were reexamined by the same
uropathologist (ER) and classified according to the latest
International Society of Urological Pathology (ISUP) guide-
lines on Gleason score and ISUP grade group.”’

Prostate cancer cases were divided into four risk groups
based on PSA level at diagnosis, highest ISUP grade group
and clinical T-stage, according to the EAU guidelines.”® Risk
group 1 (low) was defined as: PSA < 10 pg/l, clinical T-stage
(cT-) 1, and ISUP grade group 1. Risk group 2 (intermediate)
was defined as: PSA: 10-20 pg/l, cT-stage 2, or ISUP grade
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group 2-3. Risk group 3 (high) was defined as: PSA:
> 20-100 pg/l, cT-stage 3, or ISUP grade group 4-5. Risk
group 4 (metastatic) was defined as: PSA > 100 pg/l, or with
radiological evidence of metastatic disease. ISUP grade group
were reported after reclassification when available. PSA values
above 100 were not included in calculation of mean or
median PSA.

Inflammatory serum markers

Statistical methods

Descriptive characteristics of the study population were pres-
ented as means (standard deviation) or percent (numbers). Dif-
ferences in the distribution of characteristics at study entry
between nonprostate cancer cases and prostate cancer cases were
assessed using t-tests for continuous variables and Chi-square
tests for categorical data. No large differences was observed

Table 1. Distribution of selected characteristics for men with prostate cancer (cases) and without prostate cancer (noncases) in the PROCA-life

Study (1994-2008)

Characteristics

Overall (n = 7,270)

Noncases (n = 6,761) Prostate cancer cases (n = 509)

Age at first attendance (years) 56.9 (10.5)
Observation time (years) 11.8 (6.0)
Observation time <5 years (%) 5.8
Observation time 5.1-10 years (%) 59.9
Observation time » 10 years (%) 34.3
Systolic blood pressure (mm Hg) 137.7 (19.8)
Body mass index (kg/m?) 26.8 (3.67)
Serum samples at study entry
Total cholesterol (mmol/l) 5.98 (1.21)
Hs-CRP (mg/l) 2.10 (2.46)

Hs-CRP (mg/l) median (interquartile range)

White blood cells (x10°/1) 6.62 (1.79)

White blood cells (x10°/1) median (interqu. range) 6.3 (5.3-7.6)
Lifestyle factors at study entry

Lipid-lowering drugs, current use (%) 8.5

Current smokers (%) 26.7

Physically active (%) 41.0

Characteristics among prostate cancer cases
Age at diagnosis (years)
Cancer specific mortality (%)
PSA at diagnosis (ug/l)*
PSA at diagnosis, median (ug/l)*
Time from last blood sample to diagnosis (years)
Tumor characteristics
T-stage
T1+ T2 (%)
T3 + T4 (%)
Tx (%)
ISUP grade group
1-3 (Gleason score 6-7) (%)
4-5 (Gleason score 8-10) (%)
ISUP missing (%)
Risk group
Low (%)
Intermediate (%)
High (%)
Metastatic (%)
Unknown (%)

1.28 (0.70-2.45)

56.5 (10.6) 66.8 (7.6.)
11.9 (6.0) 9.9 (5.9)
4.3 24.8
61.9 33.2
33.8 42.0
137.2 (19.6) 143.3 (20.5)
26.8 (3.7) 26.6 (3.6)
5.96 (1.21) 6.19 (1.24)
2.10 (2.46) 2.17 (2.47)
1.27 (0.69-2.44) 1.36 (0.78-2.61)
6.61 (1.80) 6.75 (1.68)
6.3 (5.3-7.6) 6.4 (5.6-7.7)
8.5 8.3
26.6 28.5
41.1 39.2

71.7 (7.5)

8.8

14.3 (14.3)

9.9

5.4 (3.2)

74.1

22.0

3.9

72.7

18.3

9.0

16.1

41.9

24.2

121

5.5

Numbers may vary due to missing information. Values are mean (standard deviation) unless otherwise specified.
Abbreviations: Hs-CRP, high sensitivity C-reactive protein; ISUP, International Society of Urological Pathology; PSA, prostate-specific antigen.

1PSA values above 100 are excluded from calculation of mean and median.
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between cases and noncases and therefore not shown in text or
tables. Multivariable Cox proportional hazard models were used
to investigate whether inflammation biomarkers (hs-CRP and
WBC) or repeated assessments of hs-CRP (Fig. 1) were associ-
ated with prostate cancer risk and severity, presented with hazard
ratio (HR) and 95% confidence interval (CI). The inflammatory
markers (hs-CRP and WBC) were not normally distributed, and
log-transformation was tested, but did not influence results.

To study the importance of the variation in inflammation-
related biomarkers in more detail, we used hs-CRP and WBC
both as continuous and categorical variables, with tertile cut-
points based on the distribution in the overall data set. Continu-
ous variables are presented as HR per unit increase. We defined
the systemic inflammatory score as the sum of tertile ranking for
hs-CRP and WBC: tertile 1. hs-CRP: 20.01 - <0.91 mg/l, WBC:
>1.1 - <5.6 X 10°/1/], tertile 2. hs-CRP: >0.92 - <2.03 mg/l, WBC:
>5.7 - <7.0 X 10°/1 and tertile 3. hs-CRP: >2.04 - <20 mg/],
WBC: >7.1 - <15x 10°/1. The systemic inflammatory score
ranged from 2 to 6 points; 5-6 were defined as a high score. The
endpoints in the study were prostate cancer overall (Table 2), or
prostate cancer split into risk groups as separate endpoints
(Table 3). When using prostate cancer of a specific risk group as
endpoint, prostate cancer cases in other or unknown risk group
were excluded from the analysis.

Participating men with more than one measurement of hs-
CRP during follow-up (n = 2,210) were included in the data set
by using the “reshape” command in STATA, thus updating the
measured levels of inflammation-related biomarkers for the next
period at risk. We then calculated Ahs-CRP: the difference in
hs-CRP between the first and the second measurement. In sepa-
rate models, Ahs-CRP was included as a continuous variable or
dichotomized as Ahs-CRP >1.00 mg/1 (yes/no).

Based on suggested biological mechanisms influencing our
inflammation-related biomarkers, and/or prostate cancer risk,
several variables were assessed as potential confounders. Age at
entry (continuous) and BMI (continuous), were included as
covariates in the final models. Lipid-lowering drugs (categorical),
alcohol habits (categorical), and physical activity (categorical) did
not influence our results and were not included. The analyses
with Ahs-CRP as an explanatory variable were also adjusted for
hs-CRP at baseline. We performed stratified analyses by age at
study entry (<60 years vs. 260 years), systolic BP (<140 mm Hg
vs. 2140 mm Hg), BMI (<25 kg/m® vs. <25 kg/m”).

The proportional hazard assumption was verified by visual
inspection of log minus log survival curves in tertiles of hs-CRP
and WBC and in groups according to Ahs-CRP or systemic
inflammation score. All statistical tests were two-sided using a
significance level of p < 0.05, and conducted with STATA/MP
version 15.1 (StataCorp LLC, College station, TX).

Data availability

The data set used in our study is available upon request, pending
permission from the Tromse Study (www.tromsoundersokels
€n.no).

Results

The cohort of 7,270 participating men had the following means:
age at entry 56.9 years, hs-CRP 2.10 mg/l, and WBC 6.62
(x10°cells/l) (Table 1). A total of 509 men developed prostate
cancer during 11.8 years of follow-up. Men with one measure-
ment of inflammatory markers compared to men with two mea-
surements had a mean follow up and incidence rate of 8.4 years
and 60.9/1000 men, and 18.3 years and 124/1000 men, respec-
tively (not presented in tables). The prostate cancer cases with a
mean age at diagnosis of 71.7 years had a mean PSA at diagnosis
of 14.3 pg/l. Among prostate cancer cases, 16.1% were in the
low-risk group, 41.9% were in the intermediate-risk group,

Table 2. Hazard ratios (HR) for risk of prostate cancer by
prediagnostic hs-CRP, WBC or by a combination of hs-CRP and WBC
(systemic inflammatory score). The PROCA-life study (1994-2008)

Multivariable®

Age-adjusted

Cases (n=7,270) (n = 7,270)
Inflammatory
markers N HR (95% CI) HR (95% CI)
Hs-CRP
Continuous, mg/l 509 1.04 (1.01-1.07) 1.03 (1.00-1.07)
Continuous, 1 SD 509 1.09 (1.01-1.17) 1.09 (1.01-1.17)
Tertiles
<0.91 mg/| 131 1.00 (reference)  1.00 (reference)
0.92-2.03 mg/l 174 1.16 (0.93-1.46) 1.16 (0.92-1.46)
»2.04 mg/| 204 1.31 (1.05-1.63) 1.30 (1.04-1.63)
WBC
Continuous, x 10°/l 490 1.04 (0.98-1.09) 1.04 (0.98-1.09)
Continuous, 1 SD 490 1.06 (0.97-1.17) 1.06 (0.97-1.17)
Tertiles
<5.6 x 10/l 147 1.00 (reference)  1.00 (reference)
5.7-<7.0x10°/l 196 1.46 (1.18-1.80) 1.46 (1.17-1.80)
>7.1 x 109/l 147 1.23 (0.98-1.55) 1.23 (0.98-1.55)
Systemic inflammatory score (SIS)
Continuous 490 1.09 (1.02-1.17) 1.09 (1.02-1.17)
per 1 point
SIS low>™ 285  1.00 (reference)  1.00 (reference)
SIS highs‘6 205 1.28 (1.07-1.53) 1.28 (1.06-1.53)
Ahs-CRP?
Continuous, mg/l 220 1.04 (0.99-1.09) 1.05 (1.01-1.10)
Positive change
<1.00 mg/l 155 1.00 (reference)  1.00 (reference)
>1.00 mg/l 65 1.35(1.01-1.80) 1.36 (1.02-1.82)

Statistically significant (p value <0.05) hazard ratios are marked in bold
letters. The systemic inflammatory score ranged from two to six points;
high systemic inflammatory score: 5-6 were defined as a high systemic
inflammatory score-score. Low systemic inflammatory score: Systemic
inflammatory score = 2, 3 and 4.

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard
ratio; Hs-CRP, high sensitivity C-reactive protein; n, numbers; WBC, white
blood cell count.

*Adjusted for age at entry and BMI. Analyses with Ahs-CRP also adjusted
for hs-CRP at baseline.

2Ahs-CRP: Change in hs-CRP across two measurements. Analyzed in sub-
group with repeated measurements available.
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Table 3. Age-adjusted hazard ratios (HR) for different risk groups of prostate cancer, by prediagnostic hs-CRP, WBC or by a combination of
hs-CRP and WBC (systemic inflammatory score). The PROCA-life study (1994-2008)

Low-risk prostate
cancer
(Neotar: 7,023 )

Intermediate-risk prostate
cancer
(Nto!al: 7,112 1)

High-risk prostate
cancer
(Neotar:: 7,064 °)

Metastatic prostate
cancer
(Neotar: 7,031 )

Inflammatory
markers Cases HR (95% CI) Cases HR (95% Cl) Cases HR (95% CI) Cases HR (95% CI)
Hs-CRP
Continuous, mg/l 80 1.00 (0.92-1.09) 195 1.07 (1.03-1.22) 132 1.01 (0.95-1.08) 72 1.00 (0.92-1.09)
Continuous, 1 SD 80 1.00 (0.81-1.25) 195 1.20 (1.08-1.33) 132 1.04 (0.89-1.21) 72 1.00 (0.81-1.24)
Tertiles
<0.91 mg/| 24 1.00 (ref.) 44 1.00 (ref.) 39 1.00 (ref.) 16 1.00 (ref))
0.92-2.03 mg/l 30 1.12 (0.66-1.92) 65 1.31 (0.90-1.93) 44 0.99 (0.64-1.53) 25 1.30 (0.69-2.43)
»2.04 mg/l 26 0.99 (0.56-1.73) 86 1.72 (1.19-2.48) 49 1.04 (0.68-1.60) 31 1.44 (0.79-2.65)
WBC
a Continuous, x 10°/1 77 1.01 (0.89-1.15) 192 1.03 (0.94-1.11) 126 1.00 (0.90-1.11) 66 1.11 (0.97-1.28)
—tg Continuous, 1 SD 77 1.02 (0.80-1.29) 192 1.05 (0.90-1.21) 126 1.00 (0.83-1.21) 66 1.21 (0.95-1.55)
é Tertiles
,.g <5.6 x 10°/1 28 1.00 (ref.) 59 1.00 (ref.) 38 1.00 (ref.) 17 1.00 (ref.)
5-4 5.7—<7.0 x 10°/1 30 1.22 (0.73-2.04) 76 1.44 (1.03-2.03) 54 1.54 (1.02-2.33) 22 1.41 (0.75-2.66)
E >7.1x10°/1 19 0.88 (0.49-1.58) 57 1.23 (0.85-1.77) 34 1.07 (0.67-1.70) 27 1.91 (1.03-3.52)
8 Systemic inflammatory score
g Continuous per 1 point 77 0.96 (0.80-1.14) 192 1.16 (1.04-1.30) 126 1.06 (0.88-1.17) 66 1.25 (1.02-1.51)
© Low?™* 51 1.00 (ref.) 108 1.00 (ref.) 77 1.00 (ref.) 33 1.00 (ref))
Highs’6 26 0.96 (0.60-1.54) 84 1.43 (1.07-1.90) 49 1.11 (0.78-1.60) 33 1.68 (1.04-2.73)

Statistically significant (p value <0.05) hazard ratios are marked in bold letters. Values given are hazard ratios with 95% confidence interval. Numbers
may vary due to missing information. The systemic inflammatory score ranged from 2 to 6 points; High Systemic inflammatory score: 5-6 were defined

as a high systemic inflammatory score. Low systemic inflammatory score: Systemic inflammatory Score = 2, 3 and 4.
Abbreviations: Cl, confidence interval; HR, hazard ratio; Hs-CRP, high sensitivity C-reactive protein; n, numbers; WBC, white blood cell count.
Prostate cancer cases in other risk groups or unknown risk group were excluded from the analysis.

24.2% in the high-risk group, and 12.1% had metastatic disease
at the time at diagnosis.

Inflammation-related biomarkers and prostate cancer risk
We observed a positive dose-response relationship between hs-
CRP and prostate cancer risk (HR per unit 1.03, 95% CI 1.00-1.07)
after adjustments for potential confounding factors (Table 2). Men
in the upper tertile of hs-CRP (>2.04 mg/l) had a 30% increased
prostate cancer risk (HR 1.30, 95% CI 1.04-1.63) compared to
men in the lower tertile of hs-CRP (<0.91 mg/l). We also observed
that an increase in hs-CRP between two measurements (Ahs-CRP)
of more than 1.00 mg/l increased the risk of prostate cancer by
36% (HR 1.36, 95% CI 1.02-1.82), compared to those men who
had a small increase or a decrease in hs-CRP level between two
measurements (Table 2). Time between two measurements did not
influence these observed results, and mean time between measure-
ments was 6.7 years (range 5.7-14.1 years) (results not presented
in table). A similar dose-response relationship was observed
between WBC and prostate cancer risk, but the results were not
statistically significant.

When the levels of hs-CRP and WBC were combined in a sys-
temic inflammatory score (range 2-6), a positive dose-response
association was observed between systemic inflammatory score
and prostate cancer risk (HR per unit 1.09, 95% CI 1.02-1.17).

Men with a high systemic inflammatory score™® had a 28%
increased risk of prostate cancer (HR 1.28, 95% CI 1.07-1.53)
when compared to men with a lower systemic inflammatory
score.”™ When stratified by age at study entry (<60 years vs.
260 years at study entry), we observed a positive dose-response
relationship between systemic inflammation score and prostate
cancer risk (HR 1.08, 95% CI 1.00-1.17) only among men who
were 260 years at study entry, but interaction terms between
groups were not significant (Supporting Information Table SI).
Among those with a prediagnostic BMI >25 kg/m” we observed a
1.27 times increased risk (95% CI 1.03-1.58) of prostate cancer
for men with an high systemic inflammatory score when com-
pared to men with a low score (Supporting Information Table S2).
When stratified by systolic blood pressure (<140 mm Hg
vs. 2140 mm Hg), we observed a positive dose-response relation-
ship between hs-CRP and prostate cancer risk (HR 1.06, 95%
CI 1.02-1.11) among men who had a systolic blood pres-
sure < 140 mm Hg. Interaction terms between groups were not
significant (Supporting Information Table S3).

Inflammation-related biomarkers and severity of prostate
cancer

Men with a WBC count in the upper tertile (>7.1 x 10°cells/l),
had a 1.91 (95% CI 1.03-3.52) times increased risk of metastatic
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prostate cancer when compared to men with the lowest tertile of
WBC (<5.6 x 10”/]).

We observed a dose-response association between systemic
inflammatory score and both being diagnosed within an inter-
mediate prostate cancer risk group (HR 1.16, 95% CI 1.04-1.30)
and being diagnosed with metastatic disease, (HR 1.25, 95% CI
1.02-1.51). Men with a high systemic inflammatory score™ had
a 43% increased risk for intermediate risk prostate cancer
(HR 1.43, 95% CI 1.07-1.90), and a 68% increased risk of meta-
static prostate cancer (HR 1.68, 95% CI 1.04-2.73) when com-
pared to men having a systemic inflammatory score between
2 and 4 (Table 3).

Discussion

In this population-based prospective study with repeated
measurements of prediagnostic inflammatory markers, we
observed that hs-CRP measured at one and two time points
was associated with prostate cancer risk in a positive dose-
response manner; among men with an increase in hs-CRP
between two measurements (>1.00 mg/1), we observed a 36%
higher prostate cancer risk compared to those who had small
increase or a decrease in hs-CRP level. Men with a high sys-
temic inflammatory score (hs-CRP and WBC in combination)
had a 28% higher prostate cancer risk, and were more likely
to be diagnosed with metastatic prostate cancer compared to
men having a low systemic inflammatory score (2-4).

Results from previous studies of the association between hs-
CRP or WBC and prostate cancer risk have been inconsistent. Our
findings that hs-CRP measured at one time point were associated
with prostate cancer risk are supported by some studies,”'”** but
our results are also in contrast to others.'*'®'*?'">> In a nested
case—control study including 622 prostate cancer cases, a positive
association was observed between prediagnostic CRP and prostate
cancer risk among men with BMI <25 kg/m’, even when CRP was
measured several years before the diagnosis.”! In the present study,
we did not observe any clear pattern of variation in the associations
studied between inflammatory markers and prostate cancer when
stratified by BMI (BMI <25 kg/m”* vs. BMI >25 kg/m?). However,
among those with a prediagnostic BMI >25 kg/m” we observed a
1.27 times increased risk (95% CI 1.03-1.58) of prostate cancer for
men with a high systemic inflammatory score when compared to
men with a low score. These findings support that excess weight
may mirror a low grade inflammation by resulting in a higher sys-
temic inflammatory score not observed among the leaner men
(BMI <25 kg/m?).

Our findings suggesting that both hs-CRP and an increase
in hs-CRP during follow-up were associated with risk of meta-
static prostate cancer are partly in line with the Swedish
AMORIS study.'” In the AMORIS study,'” CRP was dichoto-
mized into low (<10 mg/ml) and high (=10 mg/ml) and it was
observed that CRP levels assessed on average 14 years before
being diagnosed with prostate cancer predicted worse out-
come (high-risk prostate cancer and metastatic prostate

cancer). A positive association between hs-CRP and advanced
prostate cancer is also supported by others.”* !

However, to our knowledge, this is the first study to assess
the combination of hs-CRP and WBC creating a systemic
inflammatory score in relation to both prostate cancer risk
and severity. Interestingly, our findings suggest that compared
to using either WBC or hs-CRP alone, a combination of these
markers may be more useful. The score was strongly associ-
ated with both risk for prostate cancer and for severity of
prostate cancer. Thus, an inflammatory score might be a use-
ful way of combining two or more inflammatory markers that
could be used for risk classification.** In a large population-
based study by Morrison et al., CRP and WBC were combined
into a Z-score.”* They found an association between the inflam-
mation Z-score and risk for overall cancer, including prostate can-
cer. In contrast, in another study, a high score based on three
inflammatory biomarkers (CRP, WBC and fibrinogen) was not
associated with prostate cancer risk.”> Additionally, several studies
have questioned whether a systemic inflammatory score could be
a valuable predictive tool for worse outcome in several types of
cancers including prostate cancer,”*** and our results support the
hypothesis that it might be valuable for prostate cancer severity.

Published studies suggest a dual effect of obesity: an increased
risk for advanced prostate cancer,”® low-grade systemic inflam-
mation,” severity of prostate cancer and a decreased risk of local-
ized prostate cancer.”® In our study, we did not find any variation
by measured BMI (kg/m?), in contrast to others, but we
included only one BMI measurement. Wang et al. found that
men with an increase in BMI from normal to an overweight or
obese condition experienced increased risk of prostate cancer
compared to men with persistently normal BMI, and that this
was most pronounced for men with ISUP grade group >7. The
biological explanation is not fully understood, but there is evi-
dence suggesting that substantial crosstalk occurs between molec-
ular pathways involved in inflammation and obesity. Studies have
investigated the association between inflammatory markers and
hypertension,***! where low-grade systemic inflammation might
be a common cause. We stratified our results by systolic BP
(140 mm Hg), but did not observe any significant association
between the systemic inflammatory score and risk of prostate
cancer (Supporting Information Table S3).

Inflammation is one of the hallmarks of cancer development,*
and CRP is found in blood plasma, with rising levels in response to
factors released by inflammatory associated cells as macro-
phages and fat cells.** Chronic inflammation is evident in the
adult prostate and probably has a role in formation of lesions
such as proliferative inflammatory atrophy, which is prolifera-
tive glandular epithelium with morphological appearance of
simple atrophy that occurs in association with inflamma-
tion.>*>** These lesions are thought to be possible precursors
for prostate cancer.>** Further, there is evidence that regenerative
epithelium in response to environmental insults may precede
development of prostate intraepithelial neoplasia and early carci-
noma.**** The origin of prostate inflammation is multifactorial
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and in many cases without symptoms. The inflammation could be
either acute or chronic.*

The strengths of our study include its prospective and pop-
ulation-based design and the high attendance rate
(65.7-78.5%>°), which lessens the chance of biased observa-
tions. In addition, a high completeness rate of identification of
prostate cancer cases (Cancer Registry of Norway) at 98.8% is
another strength.*” Furthermore, the rather long follow-up
time, broad information about baseline characteristics and
repeated measurements of hs-CRP strengthen the results
observed. All medical records for the prostate patients were
carefully reviewed by trained physicians with systematic
abstraction of histopathology and clinical characteristics. The
study was able to control for several potential confounding fac-
tors, and to address effect modification, such as age, body mass
index, smoking habits, and physical activity.

However, our study also has some limitations. The popula-
tion in Tromse is mainly Caucasian, and the results may there-
fore not be relevant for populations including other ethnicities.
Repeated assessments of inflammation-related biomarkers were
only assessed among a subgroup of men, thus limiting the sam-
ple size. A limitation of our study is the long time between expo-
sure measurement and diagnosis. Thus, changes in various
clinical variables over time may have occurred, and two mea-
surements of variables may only in part account for the cumula-
tive effect of the markers on risk of prostate cancer. The levels of

Inflammatory serum markers

these exposures may be affected by various factors over the life-
course and may tend to fluctuate. However, measurements of
BMI made earlier in life have been found to be strongly related
to measurements later in life.**** Moreover, adjustment for time
between measurement and diagnosis did not change our results.
Information regarding family history of prostate cancer was not
available and could therefore not be included in the analysis.

Conclusion

Our study supports a positive association between hs-CRP,
hs-CRP and WBC in combination and risk for both prostate
cancer and for metastatic prostate cancer. Importantly, hs-
CRP and WBC are often used in routine clinical practice, and
thus easily accessible. Our findings contribute to understand-
ing the relationship between inflammation and prostate can-
cer development, and may be useful in future research on
prostate cancer etiology and possibly prevention. However,
our results are based on a relatively small sample size and
should be interpreted with caution.
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