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ABSTRACT

Background: Research suggests that inflammation may play a role in the development
and progression of prostate cancer. Interleukin-6 (IL-6) and C-reactive protein (CRP)
have been linked to prostate cancer progression and inflammatory cytokines have been
correlated with an increased risk of prostate carcinogenesis. Omega-3 (n-3) fatty acids
are known for their anti-inflammatory properties and have been linked to decreases in
prostate cancer risk. Research indicates that levels of IL-6 and CRP decrease with higher
n-3 fatty acid intakes. This study investigated the relationship between inflammation and
outcome in men with and without prostate cancer as well as the modification of that
relationship by n-3 fatty acids. Methods: This study was a secondary analysis of the data
from a case-control study of diet and prostate cancer risk. 1L-6 and CRP were measured
in plasma of prostate cancer cases (n = 121) and biopsy negative controls (n = 240)
collected at recruitment. Erythrocyte n-3 fatty acids (including eicosapentaenoic acid
(EPA), and docosahexaenoic acid (DHA)) were analyzed using gas chromatography-
mass spectrometry. Prostate tissue inflammation was determined by
immunohistochemistry (IHC). New incident cancer and cancer outcome was assessed
using electronic patient medical records. Results: ALA was significantly higher in the
subjects with low-grade cancer compared to biopsy negative controls, and subjects with
high-grade cancer had significantly higher levels of 1L-6 compared to the controls.
Circulating levels of plasma IL-6 and CRP were associated with inflammation in the
prostate in the biopsy negative controls. Controls were at the highest risk of having
prostate tissue inflammation with IL-6 levels in the middle tertile (OR: 2.61, 95% CI:

1.37 - 4.97). IL-6 was significantly correlated with CRP in the biopsy negative controls
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and cancer cases (r = 0.471, 0.252, respectively, p <0.001 and 0.005, respectively). CRP
was inversely correlated with DHA (r =-0.177, p < 0.001) and IL-6 was inversely
correlated with EPA (r = -0.104, p = 0.48) in the cohort. When stratified by cancer status
(biopsy negative controls and cancer cases), significant correlations between I1L-6, CRP,
and n-3 fatty acids were only observed in the biopsy negative controls. There was no
significant association between IL-6, CRP, ALA, DHA, and EPA and the risk of prostate
cancer. When the inflammatory markers and n-3 fatty acids were examined together,
there was a significant increase in risk of prostate cancer in subjects with CRP levels in
the middle category and lower ALA or higher DHA levels. Higher levels of EPA were
associated with a significantly higher risk of developing prostate cancer, independently
and with rising CRP levels. Conclusions: These results conflict with previous research
showing a protective effect of DHA and EPA on prostate cancer risk, and an increased
risk of cancer with higher levels of ALA. However, the subject population for this study
had relatively low n-3 fatty acid levels compared to other cohorts. Research that is
conducted in populations with adequate intakes of DHA and EPA or in conjunction with

supplementation may provide a more accurate picture of their potential protective effects.
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INTRODUCTION

Prostate cancer is the most common non-cutaneous form of cancer in men (1). In 2008,
there was an estimated 186,320 new cases of prostate cancer in the United States (U.S.)
(2). One in six men will be diagnosed with prostate cancer in their lifetime. After lung
cancer, prostate cancer is the second leading cause of cancer death in men with over
28,000 deaths each year. The incidence of prostate cancer varies across the globe. For
example, the U.S. has a higher rate of prostate cancer compared to Asian countries such
as Japan. Furthermore, when immigrants move from one part of the world to another,
their risk of developing prostate cancer changes as well. These shifting trends in the rate
of prostate cancer suggest that modifiable risk factors may play a role in prostate
carcinogenesis (3, 4). Potentially modifiable risk factors that continue to be under
investigation include inflammation and lifestyle choices, such as diet (5, 6).

Before 1990, when the prostate-specific antigen (PSA) test was first introduced,
most cases of prostate cancer were diagnosed after a patient presented with symptoms.
This resulted in a high proportion of locally advanced or metastatic disease at the time of
diagnosis. With the development of more effective screening and diagnostic tools, such
as the PSA test and transrectal ultrasound (TRUS), a larger proportion of asymptomatic
men are being diagnosed with localized tumors (7). According to the National Cancer
Institute, 91% of newly diagnosed cancer cases are confined to the localized or regional
tissue (e.g. regional lymph nodes). Only 4% of newly diagnosed cases have already

metastasized beyond the prostate (distant stage). The five-year disease-specific survival



rate is dramatically different between these two groups. At diagnosis, the five-year
survival rate is 100% for those with localized or regional stage and only 31.7% for those
men with distant stage (8). Furthermore, men with intermediate- or high-risk tumors
(defined as clinical T2b or T2c tumors, PSA > 10 ug/L, or biopsy Gleason score of 7 or
greater) will likely experience tumor progression or metastatic disease within five years
of diagnosis (7). There is no consensus on the best treatment for men with metastatic
disease. Androgen deprivation therapy (ADT) is commonly prescribed to men with
recurrent or advanced prostate cancer. While ADT is initially successful, tumors
eventually switch from an androgen-dependent to an androgen-independent phenotype,
rendering ADT ineffective. Once this transition occurs, there are few treatment options
remaining and patient care often becomes palliative (7).

Given the prevalence rate of prostate cancer as well as the poor prognosis and
limited treatment options for men with advanced disease, research focused on the
prevention of prostate cancer and new therapies is clinically relevant. Prostate cancer
prevention may be linked to modifiable risk factors such as inflammation. In men that
have already been diagnosed with cancer, inflammation appears to play a role in the
progression of prostate cancer. For these reasons, interfering with the inflammatory

process may prove beneficial (9, 10).

Inflammation & Cancer
Inflammation is a complex component of the body’s immune system. Tissue injury or
infection triggers a cascade of chemical signals that initiates and maintains the

inflammatory response. Inflammation can also be triggered in autoimmune disease when



the body mistakenly identifies its own cells as invaders. Leukocytes migrate to the
injured area from the venous system. Neutrophils are the first to arrive during the acute
response and monocytes are also attracted to the site by chemotactic factors. Upon
arrival at the tissue, monocytes differentiate into macrophages, which secrete cytokines,
such as interleukin-6 (IL-6), and growth factors. These secretions affect surrounding
cells of the endothelium and epithelium as well as mesenchymal cells (9, 11, 12).
Cytokines are also known to perpetuate the body’s systemic response to inflammation
through the production of acute-phase proteins. Acute-phase proteins, such as C-reactive
protein (CRP), can be used clinically to evaluate the presence and intensity of systemic
inflammation. Acute-phase proteins are beneficial at first but become harmful when the
production of the proteins becomes chronic (13). Similar to the acute-phase protein
response (APPR), the inflammatory response to injury serves a purpose but the
development of chronic inflammation can be detrimental. Normal inflammation subsides
once the injury or infection is resolved. However, in chronic inflammation, the
inflammatory response persists because of the continued presence of an initiating factor
and/or the inability of the immune system to end the inflammatory response. Tumor cells
are abnormal cells that can act as an initiating factor for the inflammatory response. If
the immune system is functioning properly, tumor cells are recognized as an injury and
marked for phagocytosis (13). However, in patients with cancer, pro-inflammatory
cytokine production may not be from host cells alone. Tumor cells are capable of
directly producing cytokines that lead to inflammation (14). This dual stimulus of the
inflammatory response leads to the migration of a diverse population of leukocytes

including neutrophils, mast cells, lymphocytes and macrophages. The leukocytes



infiltrate the unorganized structure of the neoplasm. Unlike the structured environment
of normal tissue, neoplastic tissue is a chaotic tangle of vascular structures due to tumor-
induced angiogenesis and lymphangiogenesis. This type of microenvironment allows for
intimate interactions between cytokines, acute-phase proteins, leukocytes and malignant
cells (9). The consequences of these interactions have been studied in several types of

cancer, including prostate cancer.

Inflammation & Prostate Carcinogenesis

Prostate carcinogenesis is influenced by genetic, biological, and environmental risk
factors. Well-documented risk factors include race, age, and family history of prostate
cancer. Risk factors that continue to be under investigation include inflammation and
lifestyle choices, such as diet (5). Chronic inflammation is characterized by leukocyte
infiltration of inflamed tissue and has been implicated in the development of common
cancers including lung, gastric, and colon cancer. Prostatic inflammation may develop as
a result from infection, hormonal changes, urine reflux, and/or physical trauma. The
autoimmune recognition of self-prostatic proteins may also result in chronic prostatitis
(12, 15). Studies that have examined the relationship between prostate cancer and
inflammation have found a correlation between inflammatory cytokines, chemokines,
growth factors and prostate carcinogenesis (5, 16, 17). Researchers have also found an
association between chronic inflammation in the prostate and future diagnosis of
adenocarcinoma. A five-year follow-up study, using needle biopsy specimens, found that
144 out of 177 subjects (81%) had chronic inflammation of the prostate. Of those 144

subjects, 20% were diagnosed with prostate cancer during the five-year follow-up period.
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In the 33 subjects without
chronic inflammation, only
6% developed prostate
cancer (18). However, the
mechanism that links chronic
inflammation and
carcinogenesis has not been
elucidated.

Inflammation may
lead to cancer development
through a variety of
pathways including cytokine-
mediated cell survival and
cell damage caused by
oxidative stress. Cytokines
are intimately involved with
the inflammatory pathway.

They are capable of both

perpetuating the inflammatory response as well as inhibiting it. Cytokines may also be

involved in the activation and deactivation of cancer genes, which may lead to cell

differentiation, growth and the prevention of apoptosis. In addition, chemokines may

allow for tumor progression and metastasis by causing the release of proteolytic enzymes

(16).



Cytokines are a natural component of the inflammatory process and perform a
vital function if properly regulated. This is also true for free radicals that are released
from leukocytes during inflammation. Reactive oxygen species (ROS) and reactive
nitrogen oxide species (RNOS) released during respiratory bursts can cause non-specific
DNA damage resulting in mutations and protein modifications (Figure 1) (19). They are
also capable of activating signal-transduction pathways. Such alterations in cellular
structure and function can lead to abnormalities in apoptosis, cell cycle regulation, and
genomic repair. Chronic oxidative insults can increase the likelihood of these
abnormalities and tumor development (16, 18, 19). As cancer cells establish themselves
in a pro-inflammatory environment, they can manipulate the leukocyte infiltrate to

promote tumor growth and metastasis (16).

Inflammation & Prostate Cancer Progression

Inflammation appears to be more prevalent in those with advanced prostate cancer.
McArdle et al. investigated the relationship between IL-6 and CRP in patients with
benign disease and malignant prostate cancer. They found that circulating concentrations
of IL-6 and CRP were not significantly different between those with benign disease
(BPH) and those with prostate cancer. However, in the subjects with prostate cancer,
there was a significant increase in total PSA (p < 0.05), IL-6 (p <0.01) and CRP (p <
0.01) with increasing Gleason score. The Gleason score is used to grade prostate cancer
and it increases with disease severity. This significant increase translated into a
significant correlation between Gleason score and IL-6 (r = 0.311, p = 0.004) and CRP (r

= 0.304, p =0.004) (20). CRP has also been found to significantly correlate with PSA



concentrations in men with metastatic disease (rs = 0.46, p < 0.001) (11). The association
between higher tumor grade and markers of inflammation was echoed in a study that
found preoperative IL-6 and its soluble receptor were significantly elevated in patients
with a Gleason score of at least seven (p = 0.042 and 0.034, respectively) (21). The
relationship between inflammation and advanced prostate cancer is important because it
appears to affect patient outcome.

Cachexia is a common complication of advanced or recurrent cancer, and it is
often accompanied by systemic inflammation, reduced quality of life, and death. In
patients with recurrent prostate cancer, cachexia was found to be associated with higher
IL-6 levels when compared to untreated patients or patients in remission. Severity of the
cachexia also increased as serum IL-6 levels increased (22). Shariat et al. demonstrated
another connection between IL-6 and poor outcome in men with prostate cancer. In 120
patients who underwent radical prostatectomy for clinically localized disease, they found
that preoperative plasma IL-6 and its soluble receptor (IL-6sR) were strong predictors of
biochemical progression after surgery. The median IL-6 and IL-6sR levels were reported
to be 1.99 pg/mL and 25.4 ng/mL, respectively, and patients with preoperative levels
above the median had a significantly increased probability of PSA progression (p =
0.0093, p = 0.001). The men in this study with disease progression were classified as
having non-aggressive failure or aggressive failure. Non-aggressive failure was
characterized by a PSA doubling time longer than 10 months and/or a complete response
to local salvage radiotherapy. Men identified as having aggressive failure had a PSA
doubling time less than 10 months, positive metastatic workup (positive bone scan),

and/or a lack of response to local radiotherapy. Both IL-6 and IL-6sR were significantly



higher in the men with aggressive failure than those with non-aggressive failure (p =
0.042, p = 0.03, respectively) (21).

The interaction between inflammation and outcome in men with prostate cancer
can also be examined from a histological perspective. Leukocyte infiltrate is an indicator
of inflammation, and the relationship between tumor inflammatory infiltrate and patient
outcome has been examined in different types of cancer including renal and colorectal
cancer. For prostate cancer, McArdle et al. found that an increase in CD4+ T-
lymphocyte infiltrate was associated with poor cancer-specific survival. This association
was independent of tumor grade, and CD4+ T-lymphocyte infiltrate was an independent
predictor of survival for subjects with both localized and locally advanced disease
(HR: 2.88, 95% CI: 1.15-7.22, p = 0.024) (23). Similar results, found by Irani et al.,
indicated that high-grade inflammation in the malignant tissue of men having undergone
radical prostatectomy was significantly associated with a higher biochemical recurrence
probability at five years compared to patients with low-grade inflammation (RR: 2.35,
95% ClI: 1.08 — 5.08, p = 0.03) (24). In addition to the research focused on IL-6 and
prostate cancer, these findings indicate that inflammation negatively impacts outcome in
prostate cancer patients. This conclusion is contrary to what many would assume. In
most cases, the presence of inflammation would indicate that the immune system is
aggressively acting on the cancer cells. However, in prostate cancer, this appears to be
untrue. For this reason, researchers have started to focus on the connection between
inflammation and prostate cancer with the hope that the research will lead to new

therapies. IL-6 has become a main focus of this effort.



Since IL-6 increases with prostate tumor volume, it has been proposed that IL-6 is
directly produced by prostate cancer cells (21). Hobisch et al. examined this question
through IL-6 immunohistochemistry on 17 frozen prostate cancer specimens and IL-6
receptor immunostaining in 21 paraffin-embedded prostate tumor specimens. Both
assays were also performed on adjacent areas of high-grade prostatic intraepithelial
neoplasia (PIN) and benign tissue. IL-6 levels were also measured in the supernatants of
the prostate cell cultures. Compared to benign glandular epithelium, the number of IL-6-
positive cells was higher in cancer tissue. Gleason patterns correspond to tumor grade
and can range from one to five. The Gleason score is the sum of the first and second
most dominant Gleason pattern in a tumor, and it can range from two to ten with ten
being the most aggressive. When stratified by Gleason pattern, more than half of the
tumors with a Gleason pattern of three or greater had over 50% of the cells stain positive
for IL-6. This staining pattern was the same for the PIN lesions. In contrast, the two
tumors with a Gleason pattern of two did not show positive staining for more than 10% of
the cells. Expression of the IL-6 receptor was found in basal and glandular cells in
benign prostatic epithelium. IL-6 receptor was also expressed in every prostate tissue and
PIN lesion sample, and over three quarters of the tumor samples with a Gleason pattern
of three or more had over 50% of the cells express IL-6 receptors. This level of
expression was not found in the tumor samples with a Gleason pattern of two. IL-6
levels measured in the supernatant from stromal and epithelial cell cultures confirmed
that both stromal and epithelial prostatic cells secrete IL-6. Through the results of this
immunohistochemical study, Hobisch et al. were able to conclude that there is

morphological evidence that IL-6 autocrine and paracrine loops may exist in prostatic



tumors as well as PIN lesions. Furthermore, the researchers suggest that stromal IL-6
may play a role in prostatic cell growth and differentiation (25).

The evidence suggests that I1L-6 contributes to a reduction of tumor cell apoptosis,
promotion of tumor invasion, and tumor resistance to chemotherapy. These negative
effects appear to be amplified as the length of time of IL-6 exposure increases (11).
LNCaP cell lines are derived from prostate cancer lymph node metastases and are
commonly used in prostate cancer cell studies. Long-term exposure to IL-6 gives rise to
LNCaP-1L6+ cells. Unlike LNCaP cells, LNCaP-IL6+ cells secrete endogenous IL-6 and
they are representative of cells found in advanced prostate cancer (26, 27).

Endogenous and exogenous IL-6 can exert its antiapoptotic effects through more
than one cellular pathway including the phosphatidylinositol-3 kinase/Akt (PI3K/Akt),
extracellular signal-regulated kinase mitogen-activated protein kinase (MAPK/Erk), and
Janus kinase/signal transducers and activators of transcription (JAK/STAT) pathways

(Figure 2) (28). The PI3K/Akt and MAPK/Erk pathways regulate cyclin Al and cells
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that express cyclin Al are more resistant to camptothecin-induced apoptosis. Wegiel et
al. examined this pathway in LNCaP and LNCaP-IL6+ cell lines and tumor xenografts
(27). Treatment with IL-6 induced the PI3K/Akt and MAPK/Erk pathway in both cell
lines, which was evidenced by an increase in phosphorylated Akt and Erk. The activation
of both pathways correlated with an increase in cyclin A1. The quantity of
phosphorylated Erk produced by the LNCaP-1L6+ cells, after treatment with a low dose
of IL-6, was similar to the amount of phosphorylated Erk produced by the LNCaP cells,
after treatment with a high dose of IL-6. This led the researchers to conclude that
activation of the MAPK/Erk pathway in LNCaP-IL6+ cells was caused by both
endogenous and exogenous IL-6. In contrast, the level of phosphorylated Akt was higher
in LNCaP cells compared to LNCaP-IL6+ after treatment with IL-6. The amount of
phosphorylated Akt and Erk were dose-dependent in both cell lines. The production of
cyclin Al by prostate cancer cells after stimulation of IL-6 is important because cyclin
Al promotes prostate cancer cell survival. LNCaP and LNCaP-IL6+ cells that over
expressed cyclin A1 were more resistant to camptothecin-induced apoptosis compared to
cells without cyclin Al. Cell cycle progression did not differ in either cell line with
cyclin Al or without cyclin Al indicating the cyclin A1 promotes cell survival. This
study also examined LNCaP and LNCaP-IL6+ tumor xenografts in nude mice. Tumors
derived from LNCaP-1L6+ cells grew more rapidly and were more malignant compared
to LNCaP tumors. The same trend was seen for levels of cyclin Al, which were higher
in LNCaP-IL6+ tumor xenografts compared to LNCaP xenografts. Cyclin Al was
significantly correlated with P-Akt expression in the xenografts (r = 0.809, p = 0.05).

From this research, it can be concluded that IL-6 promotes prostate cancer cell survival

11



through the PI3K/Akt and MAPK/Erk

E pathways via expression of cyclin Al, and the
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Figure 3. Schematic graph of the role of
signaling pathways and cyclin Al in the
survival of prostate cancer cells in response
to IL-6. cell leukemia-1 (Mcl-1) protein. Mcl-1is

pathway by increasing production of myeloid

another regulator of apoptosis and it is a member of the Bcl-2 family of proteins, which
are known to contribute to the antiapoptotic properties of malignant cells. Cavarretta et
al. examined both the resistance of LNCaP-IL6+ cells to apoptosis as well as the effects
of Mcl-1 on apoptosis (29). LNCaP-1L6- cells, the control for this study, have the same
passage as LNCaP-1L6+ cells but in the absence of IL-6. Induction of apoptosis was
examined after separate stimulus by IL-6 and ionophore A23187, a substance known to
induce calcium-triggered cell death. Compared to the control cells, LNCaP-IL6+ cells
were significantly more resistant to apoptosis when exposed to both apoptotic stimuli.
When endogenous IL-6 was inhibited in the LNCaP-IL6+ cells, the rate of apoptosis
increased, indicating that the IL-6 autocrine loop may be responsible for LNCaP-IL6+
cell’s ability to resist apoptosis. To examine the target of endogenous IL-6, Mcl-1 was
quantified in both cell lines. It was found that the concentration of Mcl-1 was two times
greater in LNCaP-1L6+ cells compared to controls. Similar to the inhibition of IL-6,
LNCaP-IL6+ cells became more sensitive to apoptosis when Mcl-1 was inhibited. The

same increase in apoptosis was found in Dul45 cells after inhibition of Mcl-1. The
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Du145 cell line is from brain metastases of prostate cancer. They are similar to LNCaP-
IL6+ cells in that they secrete IL-6. Mcl-1 levels decreased in LNCaP-IL6+ cells and
Dul45 cells after IL-6 was neutralized and in LNCaP-1L6+ cells when the MAPK/Erk
pathway was inhibited. This led to the conclusion that endogenous IL-6 activates the
MAPK/Erk pathway leading to a production of Mcl-1 protein and resistance to apoptosis.
In addition to the antiapoptotic effects of IL-6, it appears that IL-6 can contribute
to tumor invasion through its effect on vascular endothelial growth factor (VEGF) and
promatrilysin. Vascular endothelial growth factor is associated with tumor angiogenesis
and proliferation. VEGF is only capable of stimulating prostate cancer cell proliferation
if the cell expresses VEGF receptor 2 (VEGFR-2). Steiner et al. found that, in vitro,
LNCaP-IL6+ cells express VEGFR-2 and exhibit a VEGF autocrine loop, unlike LNCaP-
IL6- cells. Furthermore, IL-6 stimulates this loop through the PI3K pathway (30). When
the PI3K pathway was inhibited, IL-6 no longer induced VEGF production by the
LNCaP-IL6+ cells. Exogenous VEGF did not stimulate cell proliferation in either cell
line, but the neutralization of VEGFR-2 in the LNCaP-IL6+ cells resulted in a significant
inhibition in cell growth (p < 0.05). Thus, the observed proliferative advantage of
LNCaP-1L6+ cells over LNCaP-IL6- cells was attributed to the presence of the VEGF
autocrine loop. IL-6 may promote tumor invasion by stimulating VEGF production as
well as the production of promatrilysin. Promatrilysin is a proteolytic enzyme that
promotes tumor progression through the breakdown of the extracellular matrix. Inin
vitro co-cultures of prostate cancer cells, IL-6 secreted by Du145 cells was found to
induce promatrilysin production in nearby LNCaP cells (31). The in vitro co-cultures

used in this study were thought to represent real prostate carcinomas because of the
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heterogeneous properties of prostate cancer tumors. This may allow IL-6, through
paracrine interactions, to promote tumor progression in vivo. 1L-6 may further contribute
to tumor growth by increasing prostate cancer resistance to chemotherapy.

Several forms of chemotherapy exist for patients with prostate cancer. Borsellino
et al. examined the relationship between IL-6 and chemotherapy resistance in PCa3 and
Dul145 cell lines (32). These cells are androgen-independent and can be resistant to
adriamycin, etoposide, and cisplatin chemotherapies. PCa3 and Du145 cells are also
know to secrete IL-6. When IL-6 was inhibited in vitro, both cell lines showed growth
inhibition as well as an increased sensitivity to the cytotoxic effects of cisplatin and
etoposide. This study is further evidence that IL-6 may play an important role in the
progression of prostate cancer.

Research indicates that inflammation is present in men with prostate cancer, and
IL-6 may be a major perpetuator of the inflammatory response. In vitro evidence
suggests that autocrine and paracrine IL-6 loops exist in prostate cancer cells and that
IL-6 may contribute to tumor progression and survival. It is also known that the
development of advanced prostate cancer is often associated with a poor prognosis. The
literature has not addressed whether factors that may decrease the severity of the
inflammatory response, in vivo, could improve prostate cancer patient outcome. The role
of anti-inflammatory agents in the prevention of prostate cancer development has been
examined, but further research into modifiable factors that could interfere with the
inflammatory response is warranted. Diet is considered a modifiable factor, and the
intake of omega-3 fatty acids, which are known for their anti-inflammatory properties,

could prove beneficial to prostate cancer patients.
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Inflammation & Omega-3 Fatty Acids

Dietary intake of a-linolenic acid (ALA), an omega-3 (n-3) fatty acid, is essential for
humans due to the body’s inability to synthesize ALA endogenously from other fatty
acids. Once ALA is taken in through the diet, the body has a limited capacity to convert
ALA to eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), two other
members of n-3 fatty acid family. EPA and DHA can also be consumed directly from
fish, shellfish, and supplements. Omega-6 (n-6) fatty acids, including linoleic acid (LA)
and arachidonic acid (AA), are also essential in the human diet. N-3 and n-6 fatty acids
are important to the inflammatory process because both are precursors to eicosanoids, a
family of active substances including thromboxanes, prostaglandins, and leukotrienes.
Prostaglandins are responsible for cytokine production by macrophages, including the
production of IL-6 (33). Eicosanoids are produced from the phospholipids of
inflammatory cells when cytokines or hormones bind plasma membrane receptors.
Calcium-dependent cytoplasmic phospholipase A, (PLA,) is activated and begins to
hydrolyze AA from the phospholipids of the intracellular membrane (Figure 4). AAis
then converted to eicosaniods by the cyclooxygenase (COX), lipoxygenase (LOX),
and/or cytochrome P450 pathways. Prostaglandins and thromboxanes are produced by
the COX pathway; leukotrienes, lipoxins, and hydroxyeicosatetraenoic acid by the LOX
pathway; and epoxyeicosatrienoic acid is produced via the cytochrome P450 pathway
(34). The phospholipid precursors can be AA or EPA or both, depending on which fatty
acid is abundant in the membrane. The proportion of n-3 fatty acid phospholipids reflects
dietary intake, and the incorporation of EPA and DHA into the membrane can result in a

decrease in the availability of AA. Studies that have examined the incorporation of n-3
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Figure 4. Eicosanoid synthesis begins with the binding of a hormone or other signal to an
extracellular receptor. Protein kinase C (PKC) is activated. PKC and intracellular calcium (Ca’+)
activate phospholipase A, (PLA;) via phosphorylation (P). PLA; hydrolyzes arachidonic acid (AA)
from the membrane phospholipids. AA is then converted to eicosanoids via the cyclooxygenase
(COX) and/or lipoxygenase (LOX) pathways.

fatty acids into erythrocyte membranes after dietary supplementation have shown that
AA is displaced in a dose-dependent manner. Higher intakes of n-3 fatty acids result in a
greater decrease in AA in the membrane. These studies also indicate that for every gram
increase in dietary EPA and DHA, the percent of EPA and DHA in the erythrocyte
membrane increases approximately 1.4% and 1.7%, respectively. This change in
membrane composition begins to occur within days of increasing dietary n-3 fatty acids
(35, 36). When the level of n-3 fatty acids increases in the membrane, EPA will replace
AA as a precursor for eicosanoid production. EPA-derived eicosanoids do not promote
the same pro-inflammatory response that is caused by eicosanoids produced from AA.

The anti-inflammatory properties of n-3 fatty acids are attributed to this alteration in
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eicosanoid synthesis as well as their ability to alter signal transduction pathways and
inflammatory gene expression (37). The ability of n-3 fatty acids to reduce inflammation
in vivo has been examined in small clinical trials as well as large epidemiological studies.

Supplementation with EPA and DHA is often used to study the effects of n-3 fatty
acids in vivo. One such study examined the effects of EPA+DHA supplementation on
unstimulated and LPS-stimulated monocyte expression of IL-6. Treatment subjects
received approximately 2 g of EPA and 1.4 g of DHA per day, and erythrocyte
membrane analysis was performed to measure compliance. After 18 weeks of
supplementation, there was a significant decrease in IL-6 production by both
unstimulated and LPS-stimulated monocytes, in vitro (p < 0.05) (38). A similar trend has
been observed in a community-based sample in Italy. Researchers examined the
correlation between n-3 fatty acids, n-6 fatty acids, and circulating inflammatory markers
in 1,123 subjects (39). Plasma fatty acid analysis was conducted and circulating
concentrations of IL-6 and CRP were measured. Supplementation was not used in this
study, and the plasma levels of n-3 fatty acids reflected dietary intake. There were
significantly lower serum concentrations of IL-6 and CRP in the individuals with the
highest levels of plasma n-3 fatty acids. These findings further support the role of n-3
fatty acids as modifiers of the inflammatory response.

In summary, chronic inflammation may play a role in the development of prostate
cancer as well as in tumor progression and growth. There is evidence that supports the
anti-inflammatory properties of n-3 fatty acids in prostate cancer prevention. However,
the ability of n-3 fatty acids to modify the inflammatory response in men with and

without prostate cancer has not been thoroughly investigated. Furthermore, if a
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relationship does exist between n-3 fatty acids and inflammation, the effect of this
relationship on outcome in men with and without prostate cancer is unknown. This study
provided further insight into the effects of n-3 fatty acids on inflammation and the

possible use of n-3 fatty acids in the prevention and treatment of prostate cancer.

Study Objective & Aims
The purpose of this study was to investigate the relationship between inflammation and
outcome in biopsy negative controls and prostate cancer cases as well as the modification
of that relationship by n-3 fatty acids.
Primary Aim #1: To determine the association between erythrocyte n-3 fatty acids and
circulating concentrations of IL-6 and CRP in biopsy negative controls and prostate
cancer cases undergoing primary therapy.
Hypothesis #1: Circulating concentrations of IL-6 and CRP would be lower in
subjects with the highest erythrocyte levels of n-3 fatty acids.
Primary Aim #2: To determine the association between patient outcome, measured as
recurrence free survival, and circulating concentrations of IL-6 and CRP, with and
without modification by erythrocyte n-3 fatty acids in prostate cancer cases.
Hypothesis #2: Better patient outcome would be observed in subjects with lower
circulating levels of IL-6 and CRP and this association would be modified by
erythrocyte n-3 fatty acid levels.
Primary Aim #3: To determine the relationship between the development of cancer and
circulating concentrations of 1L-6 and CRP and prostate tissue inflammation, with and

without modification by n-3 fatty acids in biopsy negative controls.
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Hypothesis #3: Time to development of prostate cancer in the biopsy negative
controls would be greater in subjects with lower levels of circulating
concentrations of IL-6 and CRP and lower levels of tissue inflammation; this
relationship would be modified by erythrocyte n-3 fatty acid levels.
Secondary Aim #1: To determine the correlation between inflammation as measured by
circulating concentrations of IL-6 and CRP and prostate tissue, as measured by
immunohistochemistry (IHC), in biopsy negative controls.

Secondary Hypothesis #1: Inflammation in the prostate tissue would correlate

with markers of inflammation in the blood.
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MATERIALS AND METHODS

Subjects

This longitudinal study included subjects from The Diet and Prostate Cancer Study
(DPC), a case-control study. The DPC study was conducted at the Portland Veteran
Affairs Medical Center (PVAMC) from December 2001 through August 2006. The pilot
study was funded by a VA ERIC grant and the project was funded by the National Cancer
Institute. Subjects for this secondary analysis were all men referred to the PVAMC
urology clinic for a prostate biopsy who provided blood samples upon consenting into the
study. The cohorts of interest were men who had a negative biopsy (biopsy negative
controls), and men who were diagnosed with prostate cancer (cancer cases) upon entry
into the study. The DPC study recruited 728 subjects including 292 biopsy negative
controls and 143 cancer cases. From the original cohort, 240 biopsy negative controls
and 121 cancer cases provided blood samples at recruitment and were included in this
study. The Oregon Health & Science University Institutional Review Board and the
PVAMC Institutional Review Board approved the amendment to the original DPC study
protocol to perform the secondary analysis. All subjects used for this analysis consented

to future studies at the time of entering the DPC study.

Blood Sampling & Storage
Venous blood was collected from eligible study subjects using a 10mL sodium EDTA
vacutainer tube. Blood collection tubes were gently inverted after collection and

immediately covered with aluminum foil and transported to the laboratory for processing.
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Covered vacutainers were stored at +5 to +10 °C until processed, which was no more
than five hours after the blood draw. Erythrocytes were separated from the plasma by
centrifugation at 13009 for ten minutes. Fifty (50) uL of metaphosphoric
acid/dithiothreitol (MPA/DTT) was added to 2-500 uL aliquots of plasma, capped
securely, and vortexed for 30 seconds. Remaining plasma was divided into 500 uL

aliquots. All plasma samples were stored in cyrovials at -70 °C until analysis.

Plasma IL-6 and CRP Analysis

Plasma IL-6 and CRP analysis was conducted at the core laboratory at the Oregon
Clinical and Translational Research Institute (OCTRI) at Oregon Health & Science
University (OHSU). Prior to analysis, all plasma samples were randomized to minimize
bias from laboratory technique or error. An effort was made to keep the number of
freeze-thaw cycles to a minimum.

Plasma IL-6 concentrations were measured using solid-phase enzyme-linked
immunosorbent assay (ELISA) (R&D Systems Europe, Ltd.). Standard curves were
developed with reconstituted IL-6 standard in Calibrator Diluent with standard stock
dilutions of 10 pg/mL, 5 pg/mL, 2.5 pg/mL, 1.25 pg/mL, 0.625 pg/mL, 0.312 pg/mL, and
0.156 pg/mL. All solutions were brought to room temperature. Plasma samples were
thawed at room temperature and then vortexed for 30 seconds. Once thoroughly mixed,
samples were centrifuged at 1300g for 10 minutes. To each well, standard solutions or
plasma samples were added to 100 uL of Assay Diluent. The covered microplate was
incubated for two hours at room temperature on a microplate shaker set at 500 £ 50 rpm.

The microplate was washed six times with 400 uL of Wash Buffer after incubation. Two
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hundred (200) uL of IL-6 Conjugate was added to each well and the covered microplate
was incubated at room temperature for two hours on a shaker. After incubation, the
microplate was washed again with the procedure previously described. Fifty (50) uL of
Substrate Solution was added to each well and the covered microplate was incubated on a
bench top at room temperature for 60 minutes. Fifty (50) uL of Amplifier Solution was
added to each well and the covered microplate was incubated on a bench top at room
temperature. After 30 minutes, 50 uL of Stop Solution was added to each well. Optical
density of each well was determined within 30 minutes using a microplate reader set to
490 nm. The wavelength was changed to 650 nm to correct for optical imperfections in
the plate. All samples were run in duplicate and analysis was repeated if there was a
greater than 10% difference between the duplicates. Samples that had IL-6 values above
the upper limit of the standard curve (10 pg/mL) were diluted with Calibrator Diluent and
analyzed again. Plasma IL-6 levels were expressed in pg/mL. The average intra-assay
coefficient of variation (CV) between duplicates was 4.75%, with a minimum intra-assay
CV of 1.82% and a maximum intra-assay of 13.72%. The high CV was due to the
accidental addition of 50 uL of extra Amplifier solution to five wells on the 96-well
plate. This resulted in a large difference between duplicates for the five samples and a
high intra-assay CV.

Plasma CRP concentrations were measured using solid-phase, chemiluminescent
immunometric assay by the IMMULITE /IMMULITE 1000 Analyzer. Plasma samples
were thawed at room temperature and then vortexed for 30 seconds. Once thoroughly
mixed, samples were centrifuged at 1300g for 10 minutes. Plasma samples were pre-

diluted in CRP Sample Diluent at a ratio of 1:101 with 10 uL of sample in 1000 uL of
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Diluent. Samples were analyzed according to the procedures outlined in the
IMMULITE/IMMULITE 1000 Operator's Manual. All samples were run in singlet and

CRP values were expressed as mg/L.

Erythrocyte Fatty Acid Analysis

Erythrocyte fatty acid analysis was provided from analysis previously conducted during
the DPC study. Erythrocyte fatty acids were analyzed using gas chromatography/mass
spectrometry and fatty acids were expressed as a percent of total fatty acids. The n-3
fatty acids of interest for this analysis included a-linolenic acid (ALA), docosahexaenoic

acid (DHA), and eicosapentaenoic acid (EPA).

Prostate Tissue Analysis
Inflammation in prostate tissue collected at the time of biopsy was documented in the
biopsy negative controls. Prostate tissue inflammation was determined using

immunohistochemistry (IHC).

Patient Outcome

Patient outcome was assessed using the IRB-approved DPC study longitudinal database

and electronic medical records (CPRS) at the PVAMC. The DPC longitudinal database

was approved to conduct passive follow-up for prostate related morbidity and mortality

among men that were originally consented and interviewed as part of the DPC study.
Cancer outcome for the prostate cancer cases was described as recurrence free

survival, and was assessed only for subjects who had a radical retropubic prostatectomy
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(RRP) (n =52) or localized radiotherapy, including beam radiation and brachytherapy (n
= 38). Subjects who chose other treatment options (watchful waiting, proton beam
therapy, and hormone therapy only) were not assessed for cancer outcome. For subjects
who underwent a RRP, recurrence free survival was defined as the time from the
achievement of nadir (PSA < 0.1 ng/mL) after surgery to the time of biochemical failure,
death, or the end of the study follow-up period. Biochemical failure after a RRP was
defined as a PSA of 0.2 ng/mL or greater, with a second confirmatory PSA of > 0.2
ng/mL (40, 41). The defined date of failure was the date of the original PSA elevation,
and PSA measurements taken within six weeks of surgery were excluded. For subjects
who underwent localized radiotherapy, recurrence free survival was defined as the time
from the achievement of nadir (defined as the lowest PSA achieved after treatment) to the
time of biochemical failure, death, or the end of the study follow-up period. Biochemical
failure after localized radiotherapy was defined as a rise of 2 ng/mL or greater above the
nadir PSA (42, 43). The date of failure was the date of the first elevated PSA value to
meet the definition of biochemical failure.

New incident prostate cancer was the outcome variable of interest for the biopsy
negative controls. Disease free survival was defined as the time from entry into the study
to the time of biopsy-confirmed diagnosis of prostate cancer, death, or the end of the
study follow-up period. Subjects who were diagnosed with prostate cancer within six
months of their initial biopsy were excluded from the outcome analysis. The end of the

study follow-up period was June 1, 2008.
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Statistical Analysis
All statistical analyses were performed using STATA 10.0 (StataCorp LP, College
Station, Texas). Analyses were conducted between the biopsy negative controls and the
cancer cases. Analyses were also conducted between the biopsy negative controls and
the cancer cases stratified by the severity of their disease using two different definitions
of high-grade and low-grade cancer. Gleason score was used to determine disease
severity and cancer grade. As mentioned previously, the Gleason score is the sum of the
grade given to the first and second most dominant histological tumor patterns in a
specimen. The grade for each pattern can range from one to five and the Gleason score
can range from two to 10. The first definition used to stratify the cancer cases defined
low-grade cancer as a Gleason score <6 or 7 with a histological tumor pattern grade of
3+4 (LG3+4) (n = 89) and high-grade cancer as a Gleason score of 7 with a histological
tumor pattern grade of 4+3 or > 8 (HG4+3) (n = 32). The second definition used to
stratify the cancer cases defined low-grade cancer as a Gleason score < 6 (LG6) (n = 59)
and high-grade cancer as a Gleason score > 7 (HG7+) (n = 62). The two different
methods of defining low-grade and high-grade cancer were used in this analysis in an
effort to reflect the past literature as well as more recent research that has concluded a
Gleason score of 7 can reflect two levels of disease severity when the tumor pattern grade
(3+4 or 4+3) was taken into account. Tumors with a Gleason score of 7 with a tumor
pattern grade of 4+3 are known to be more aggressive compared to tumors with a
Gleason score of 7 with a tumor pattern grade of 3+4 (44-46).

Differences in demographics, medication use and prostate cancer risk factors were

examined between the biopsy negative controls and cancer cases before stratification by
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Gleason score. Differences in categorical covariates were determined using a chi-square
test, and the Student’s t test was used to compare continuous covariates. The primary
exposure variables (IL-6, CRP, ALA, DHA, and EPA) were presented as median values,
and differences in the primary exposure variables between the biopsy negative controls
and cancers case, as a complete cohort and stratified by Gleason score, were determined
using the Wilcoxon rank-sum test. Calculated plasma markers of inflammation (IL-6 and
CRP) and erythrocyte n-3 fatty acids were compared using Pearson’s correlation
coefficient and Goodman and Kruskal’s gamma coefficient to determine the relationship
between systemic inflammation and dietary intake of n-3 fatty acids. Partial correlations
were used to assess the relationship between plasma markers of inflammation and n-3
fatty acids while adjusting for the other primary covariates. Correlations and gamma
coefficients were calculated in the biopsy negative controls and cancer cases as a
complete cohort and independently. Correlations and gamma coefficients were also
calculated in the cancer cases stratified by Gleason score. IL-6, CRP, ALA, DHA, and
EPA were logarithmically transformed due to their skewed distribution. Continuous
variables were used for the Pearson’s and partial correlations, and the gamma coefficients
were calculated using categorical variables. A statistical p-value of < 0.05 was
considered significant for all performed tests. Missing values were imputed using the
median or mean value for that covariate depending on the distribution of the variable.
Due to an additive in the plasma of eight subjects, CRP was unable to be determined. For
these subjects, CRP was imputed using calculations based in their IL-6 values, which

were significantly correlated. Additive-free plasma for two of the eight subjects was
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located after statistical analyses were completed. The true CRP values for these two
subjects were used for the survival analysis component of this study.

The association between systemic inflammation, measured by plasma IL-6 and
CRP, and erythrocyte omega-3 fatty acids and prostate cancer was summarized in terms
of odds ratios (ORs) and corresponding 95% confidence intervals (Cls) determined by
age-adjusted unconditional logistic regression. Primary exposure variables were
categorized into tertiles based on the biopsy negative controls for IL-6, ALA, DHA, and
EPA. In healthy individuals, CRP is typically <3 mg/L. CRP can be elevated up to 10
mg/L for minor or insignificant reasons. CRP above 10 mg/L is considered abnormal
(47-49). CRP was categorized based on these definitions. The outcome variable
(diagnosis of prostate cancer) included the biopsy negative controls and the cancer cases
as an entire cohort and stratified by disease severity. Models adjusted for potential
confounding factors were also determined. Potential confounding factors, including race,
body mass index (BMI), education, smoking status, alcohol status, co-morbidities based
on the age-adjusted Charlson co-morbidity index, family history of cancer, family history
of prostate cancer, history of non-prostate cancer, PSA and prostate volume and density
at time of initial biopsy, statin use, and other cholesterol drug use were examined.
Medications that may affect inflammation and/or the development of prostate cancer
were also considered possible confounding variables. The use of aspirin and non-
steroidal anti-inflammatory drugs (NSAIDs) may interact with plasma concentrations of
IL-6 and CRP. Patients were instructed to discontinue the use of aspirin and NSAIDs for
two-weeks prior to their biopsy appointments and aspirin and NSAID use was

documented. The influence of aspirin and NSAID use was evaluated and variables were
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included as appropriate. Dietary factors that may have an association with prostate
cancer and inflammation as well as known anti-oxidants were examined. This included
alcohol, caffeine, lycopene, trans-fats, grains and whole grains, dark-green and deep-
yellow vegetables, dry beans and peas, white potato, tomato, fruit including citrus, melon,
and berries, dairy, meat, poultry, fish, eggs, soy products, nuts and seeds, and dietary and
supplemental vitamin E, C, B12, iron, zinc, copper, folate, and beta-carotene. Each
potential confounding variable was independently examined in a univariate model with
each primary outcome variable. Variables with a statistical p-value of < 0.25 were
included in the preliminary multivariable analysis. Primary exposure variables were
independently entered in a model already containing age and a crude odds ratio for the
primary exposure variable. During the model building process, primary exposure
variables, stratified into categories with ordinal coding beginning at zero with increments
of one, were entered as continuous variables. Potential confounding variables were
entered, one at a time, into a model with age and each primary exposure variable.
Variables were considered confounders if the odds ratio of the primary exposure variable
changed by + 10% from the crude odds ratio after addition of the confounding variable
into the model. Final models included the primary exposure variables as categorical
variables. Primary exposure variables were entered into the final models as continuous
variable to determine trend. Likelihood ratio tests were calculated to determine the
overall effect of the primary exposure variables on the outcome variables. Age-adjusted
and multivariable-adjusted odds ratios were reported. The relationship between IL-6 and
CRP and the omega-3 fatty acids was investigated using interaction terms. ALA, DHA,

and EPA were re-categorized based on the median levels of the biopsy negative controls.
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Interaction terms were entered into the model and odds ratios were calculated using linear
combinations of estimated parameters. The significance of the interaction was tested
using the likelihood ratio test. Due to the number of confounding variables in some
models and the small sample size after stratification, some odds ratios could not be
estimated. Goodness-of-fit was assessed using the Hosmer-Lemeshow goodness-of-fit
test; all final models were determined to have adequate fit by this criterion (See Appendix
for goodness-of-fit assessments).

Survival analysis was performed to evaluate the relationship between systemic
inflammation and erythrocyte n-3 fatty acids on the development of cancer in the biopsy
negative controls. Due to the small sample size and inaccuracy of defining recurrence
free survival among the prostate cancer cases, survival analysis was not performed on this
subset of the cohort. Kaplan-Meier (KM) survival curves were constructed for the
primary exposure variables including the presence of inflammation in the prostate. KM
survival curves were also calculated with IL-6 stratified by tertiles and CRP stratified by
categories, and then by median ALA, DHA, and EPA levels. This was also done for
prostate tissue inflammation and the n-3 fatty acids. The differences between the curves
were examined by the log-rank and Peto-Peto test for significance. Hazard ratios were
calculated using the Cox proportional hazards model. Final models were determined
following the same model building strategy that was used for the logistic regression
models. Age-adjusted and multivariable-adjusted hazards ratios were reported.
Interactions between IL-6 and CRP and the n-3 fatty acids were also performed using the
strategy described previously. Models and interactions were also examined with

inflammation in the prostate as a primary exposure variable. Goodness-of-fit was
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assessed using Cox-Snell generalized residuals (See Appendix for goodness-of-fit
assessments).

Calculated plasma IL-6 and CRP and observed tissue inflammation in the biopsy
negative controls were compared using the Wilcoxon rank-sum test. Logistic regression
models were constructed with inflammation in the prostate as the primary outcome
variable and IL-6 and CRP as the primary exposure variables.

With a sample size of 361 (121 prostate cancer cases and 240 biopsy negative
controls) and significance level of < 0.05, correlation coefficients between systemic
inflammation and n-3 fatty acids of at least 0.13, 0.15, and 0.17 would be detectable with
70%, 80% and 90% power, respectively. The minimum detectable hazard ratio (HR) was
calculated using sample size, a power of 80%, a significance level of 0.05, the expected
proportion of subjects who would fail, and previously reported standard deviations for
IL-6, CRP, ALA, EPA, and DHA (50-52). The minimum detectable HR was adjusted
using an R-squared of 10%, which was the estimated proportion of variance of the
primary exposure variable explained by additional covariates in a multiple regression.
The minimum detectable HR for the interaction of IL-6 and CRP with ALA, DHA, and
EPA was calculated by adding an interaction of their respective standard deviations into
the equation. The expected biochemical recurrence rate after localized treatment for men
with prostate cancer, when biochemical recurrence was defined as a PSA > 0.2 and
rising, has been estimated at 26% (40). The sample size of 121 cancer cases allowed for
a minimum detectable HR of 1.19, 1.46, 3.73, 1.52, and 4.31 when the primary exposure
variable was IL-6, CRP, ALA, DHA, or EPA, respectively. When the interaction

between the plasma markers of inflammation and n-3 fatty acids was taken into
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consideration, the minimum detectable HR was 2.14, 1.27, and 2.33 with the interaction
between CRP and ALA, DHA, and EPA, respectively. The minimum detectable HR for
IL-6 and ALA, DHA, and EPA was 3.04, 1.42, and 3.44, respectively. The expected rate
of prostate cancer development among men was estimated to be 16% (1, 2). It was
assumed that this rate would be stable over the accrual period of four years and follow-up
period of four years. The sample size of 240 biopsy negative controls allowed for a
minimum detectable HR of 1.17, 1.40, 3.21, 1.45, and 3.65 when the primary exposure
variable was IL-6, CRP, ALA, DHA, or EPA, respectively. When the interaction
between the plasma markers of inflammation and n-3 fatty acids was taken into
consideration, the minimum detectable HR was 1.47, 1.13, and 1.54 with the interaction
between CRP and ALA, DHA, and EPA, respectively. The minimum detectable HR for
IL-6 and ALA, DHA, and EPA was 2.30, 1.30, and 2.52, respectively.

The outcomes from this study were used to estimate power and sample size in a
future study based on the exemplary chi-square method (53) (See Appendix for power

calculations).

31



RESULTS

Demographics

Two hundred forty (240) biopsy negative controls and 121 prostate cancer cases were
included in this analysis. The median age for the biopsy negative controls was 63 years,
and was 65 years in the cancer cases. There was no significant difference in age, race
(categorized as white and non-white) and BMI between the biopsy negative controls and
cancer cases (Table 1). The level of education attained was significantly different
between the biopsy negative controls and cancer cases (p = 0.004) with over 74% of the
biopsy negative controls having greater than 12 years of education compared to only 57%
of the cancer cases.

For this study, co-morbidities were described with the age-adjusted Charlson Co-
morbidity Index (ACCI) (54, 55). The ACCI is a useful tool to assess the impact of age
and numerous co-morbidities on the outcome of interest. Subjects were categorized into
three groups based on previous use of the ACCI in a population of bladder cancer
patients (56). The first group included those with an ACCI < 2 and described subjects
who were younger than 60 (yrs) with few to no co-morbidities. The second group
included subjects with an ACCI of 3-5 and described subjects both older subjects with
few co-morbidities and younger subjects with many co-morbidities. The third group
included subjects with an ACCI of greater than 5 and this included older patients with
more co-morbidities. The ACCI of the biopsy negative controls was significantly
different compared to the cancer cases (p = 0.002) with a higher proportion of biopsy

negative controls (35.8%) in the lowest ACCI category and a lower proportion (15.4%) in
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the highest ACCI category. Among the cancer cases, 38 subjects (31.4%) were in the

highest ACCI category.

Table 1. Selected demographic characteristics of the biopsy negative controls and prostate cancer
cases

Controls Cancer Cases p?
Characteristics (n = 240) (n=121)
Age (yrs) n (%)
<59 77 (32.1) 32 (26.5) 0.38
60 - 69 113 (47.1) 57 (47.1)
>70 50 (20.8) 32 (26.5)
BMI (kg/m?)
<249 40 (16.7) 19 (15.7) 0.78
25-29.9 88 (36.7) 49 (40.5)
>30 112 (46.7) 53 (43.8)
Race
White 222 (92.5) 111 (91.7) 0.80
Non-White” 18 (7.5) 10 (8.3)
Education
12 or less years® 62 (25.8) 52 (43.0) 0.004
Some college or tech college 105 (43.8) 42 (34.7)
College graduate 73 (30.4) 27 (22.3)
Age-Adjusted Charlson Score
<2 86 (35.8) 34 (28.1) 0.002
3-5 117 (48.8) 49 (40.5)
>5 37 (15.4) 38 (31.4)

#Pearson's chi-square test
® Following categories contain subjects with unknown values: Race (n=1); Education (n=9)

Medication Use

Commonly used medications that may have a relationship with prostate cancer risk or
inflammation were assessed for the biopsy negative controls and cancer cases (Table 2).
Subjects were categorized as either using or not using statins and other cholesterol
lowering medications. If subjects used NSAIDs or aspirin, the frequency was also
documented. There was no significant difference in medication use between the biopsy
negative controls and cancer cases for statins, other cholesterol lowering drugs, NSAIDs

or aspirin.
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Table 2. Selected medication use prior to biopsy of the biopsy negative controls and prostate cancer
cases

Controls Cancer Cases p?
Medication (n = 240) (n=121)
n (%)
Statins
No® 143 (59.6) 76 (62.8) 0.55
Yes 97 (40.4) 45 (37.2)
Other Cholesterol Medications
No® 225 (93.8) 113 (93.4) 0.89
Yes 15 (6.3) 8 (6.6)
Non-steriodal Anti-inflammatories (NSAIDs)
No® 157 (65.4) 81 (66.9) 0.59
Less than weekly 27 (11.3) 18 (14.9)
Weekly 24 (10.0) 10 (8.3)
Greater than or equal to daily 32 (13.3) 12 (9.9)
Aspirin
None” 112 (46.7) 55 (45.5) 0.84
Less than daily 15 (6.3) 6 (5.0)
Daily or more than daily 113 (47.1) 60 (49.6)

#Pearson's chi-square test

® Following categories contain subjects with unknown values: Statins (n=6); Other Cholesterol Medications (n=8); NSAIDs
(n=14); Aspirin (n=11)

Prostate Cancer Risk Factors

In addition to age and race, risk factors for prostate cancer include family history of
prostate cancer, prostate volume, and PSA levels (57, 58). Drinking alcohol, smoking
and a family history of cancer are also associated with an increase risk of cancer. PSA at
the time of biopsy, family history of prostate cancer, family history of cancer, and alcohol
status were not significantly different between the biopsy negative controls and cancer
cases (Table 3). Smoking status was significantly different (p = 0.04) with a higher
proportion of current smokers (26.5%) among the cancer cases and a higher proportion of
subjects who never smoked (29.2% including 10 subjects with unknown status or 25%
excluding the unknowns) in the biopsy negative controls. The median prostate volume at
the time of biopsy was significantly higher at 47.5 mL in the biopsy negative controls

compared to the median volume of 37.9 mL in the cancer cases (p <0.001).
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Table 3. Selected prostate cancer risk factors in the biopsy negative controls and prostate cancer
cases

Controls Cancer Cases p
(n = 240) (n=121)
(median)
Initial prostate volume at time of biopsy (cc/mL) 47.5 37.9 <0.001%
PSA at time of biopsy (ng/mL) n (%)
<4 45 (18.8) 18 (14.9) 0.09°
4-10 166 (69.2) 78 (64.5)
>10 29 (12.1) 25 (20.7)
Smoking Status
Never® 70 (29.2) 21 (17.4) 0.04°
Past 123 (51.3) 68 (56.2)
Current 47 (19.6) 32 (26.5)
Alcohol Status
Never® 63 (26.3) 21 (17.4) 0.07°
Past 99 (41.3) 64 (52.9)
Current 78 (32.5) 36 (29.8)
Family History of Cancer
Yes 162 (67.5) 78 (64.5) 0.56"
No® 78 (32.5) 43 (35.5)
Family History of Prostate Cancer
Yes 32 (13.3) 16 (13.2) 0.73"
No 171 (71.3) 90 (74.4)
Unknown 37 (15.4) 15 (12.4)

#Wilcoxon rank-sum test
Pearson's chi-square test

°Following categories contain subjects with unknown values: Smoke Status (n=10); Alcohol Status (n=12); Family History of Cancer
(n=16)

Plasma Profiles of Erythrocyte Fatty Acids, IL-6 & CRP

The median erythrocyte fatty acids levels for ALA, DHA, and EPA were reported in
Table 4 as a percent of total membrane fatty acids. Comparisons of the n-3 fatty acids of
interest were made between the biopsy negative controls and the cancer cases as an entire
cohort and stratified by low-grade and high-grade cancer. The only significant difference
found was between ALA in the biopsy negative controls and the LG3+4 cancer cases (p =

0.012). The median levels for ALA were similar at 0.12% of total fatty acids in the
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biopsy negative controls and 0.11% in the LG3+4 cancer cases. However, the LG3+4
cancer cases had a smaller range in values with the highest ALA level reaching 0.27%
compared to 0.38% in the biopsy negative controls.

Plasma IL-6 and CRP showed a similar pattern with minimal difference across the
groups (Table 5). CRP did not differ significantly between the biopsy negative controls
and cancer cases by any stratification. The highest median CRP level was observed in
the HG4+3 cancer cases at 1.75 mg/L. The HG4+3 cancer cases also exhibited the only
significant difference in plasma IL-6 compared to the biopsy negative controls with a
median value of 2.52 pg/mL (p = 0.03), which is significantly higher than the biopsy
negative control median value of 1.87 pg/mL. As a complete cohort, the cancer cases did
show higher levels of plasma IL-6 and CRP over the biopsy negative controls but the

difference was not significant.

Relationship between Plasma Markers of Inflammation & Omega-3 Erythrocyte Fatty Acids
The relationship between plasma markers of inflammation (IL-6 and CRP) and n-3 fatty
acids (ALA, DHA, and EPA) were examined in the biopsy negative controls and cancer
cases. IL-6 and CRP exhibited a significant positive correlation in the biopsy negative
controls and cancer cases (Table 6). After adjusting for the n-3 fatty acids, IL-6 and CRP
remained significantly correlated (Table 13). There was a significant inverse relationship
between IL-6 and EPA (r = -0.104, p = 0.048) and CRP and DHA (r =-0.177,p <
0.001) (Table 6). The inverse relationship between CRP and DHA continued to be
significant after adjusting for IL-6, EPA, and ALA (Table 13). This was not true for IL-6

and EPA.
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When the relationship between IL-6, CRP, and the n-3 fatty acids was examined
within each study population (biopsy negative controls, all cancer cases, LG3+4, HG4+3,
LG6, and HG7+), significant inverse correlations were only observed in the biopsy
negative controls (Table 7, 8, 9, 10, 11, 12). IL-6 showed a significant inverse
relationship with DHA and EPA (r =-0.149 and -0.137, p = 0.021 and 0.034,
respectively) and CRP was significantly inversely correlated with DHA (r = -0.246, p <
0.001) (Table 7). Similar to what was observed in the entire cohort, CRP remained
significantly inversely correlated with DHA in the biopsy negative controls after adjust
for IL-6, ALA, and EPA (Table 13). CRP and IL-6 did exhibit a positive correlation in

the biopsy negative controls and the

Table 6. Pearson's correlation coefficients of
plasma markers of inflammation and cancer cases, as complete cohort, and
erythrocyte fatty acids in biopsy negative
controls and cancer cases*

stratified by LG3+4 and HG7+ cancer (r

- IL-6 CRP
IL-6 =0.471, 0.252, 0.220, and 0.303, p <
CRP 0.385°
ALA -0.009 0.043 0.001, 0.005, = 0.038 and 0.017,
DHA -0.082 -0.177°
EPA[  -0.104"  -0.083 respectively) (Table 7, 8, 9, 12). This

3p <0.001, p =0.048, °p <0.001

o was also true after adjusting for the n -3
*IL-6, CRP, ALA, DHA, EPA were logarithmically transformed

fatty acids (Table 13, 14).

Table 7. Pearson's correlation coefficients of
plasma markers of inflammation and erythrocyte When the plasma markers of
fatty acids in biopsy negative controls*

inflammation and the n-3 fatty acids

L6 CRP
IL-6 were categorized, there was a
CRP|  0.471°
ALA 0.015 0.080 — " -
EPA|  -0.137°  -0.112

IL-6 and CRP in the entire cohort and

3 <0.001, °p = 0.021, °p = 0.034, %p <0.001
*|L-6, CRP, ALA, DHA, EPA were logarithmically transformed in each group independenﬂy (Tab|e 15’
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16). In the entire cohort and biopsy negative controls, IL-6, categorized in tertiles, had a

significant inverse association with DHA, categorized dichotomously (Table 15). CRP,

categorized into three ordinal groups, had a significant inverse association with DHA in

the entire cohort and in the biopsy negative controls (Table 15). CRP was also inversely

associated with EPA, categorized dichotomously, in the biopsy negative controls (Table

15).

Table 8. Pearson's correlation coefficients of
plasma markers of inflammation and
erythrocyte fatty acids in cancer cases*

L6 CRP
IL-6

CRP|  0.252°

ALA| 0031  -0.031

DHA| 0016  -0.025
EPA| -0061  -0.026

%p <0.005
*|L-6, CRP, ALA, DHA, EPA were logarithmically transformed

Table 9. Pearson's correlation coefficients of
plasma markers of inflammation and
erythrocyte fatty acids in low grade 3+4
(LG3+4) cancer cases*

L6 CRP
IL-6

CRP|  0.220°

ALA| 0001  -0.059

DHA|  -0026  0.029
EPA|  -0054  -0.039

% =0.038
*|L-6, CRP, ALA, DHA, EPA were logarithmically transformed

Table 10. Pearson's correlation coefficients of
plasma markers of inflammation and erythrocyte
fatty acids in high grade 4+3 (HG4+3) cancer
cases*

Table 11. Pearson's correlation coefficients of
plasma markers of inflammation and
erythrocyte fatty acids in low grade 6 (LG6)
cancer cases*

L6 CRP
IL-6

CRP 0.267

ALA| 0223  -0.169

DHA|  -0.183  -0.079
EPA|  -0.046 0.073

*|L-6, CRP, ALA, DHA, EPA were logarithmically transformed
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IL-6 CRP
IL-6
CRP 0.230
ALA -0.028 -0.052
DHA 0.038 0.030
EPA -0.050 0.022

*|L-6, CRP, ALA, DHA, EPA were logarithmically transformed



Table 12. Pearson's correlation coefficients of
plasma markers of inflammation and erythrocyte
fatty acids in high grade 7+ (HG7+) cancer

cases*
IL-6 CRP
IL-6
CRP 0.303%
ALA -0.030 -0.015
DHA -0.005 -0.077
EPA -0.082 -0.077
% =0.017

*L-6, CRP, ALA, DHA, EPA were logarithmically transformed

Table 13. Partial correlation coefficients of association between plasma markers of
inflammation and erythrocyte fatty acids in biopsy negative controls and cancer cases, as a
complete cohort and stratified by cancer status*

Biopsy Negative

Entire Cohort Controls Prostate Cancer Cases
~_IL-6 CRP IL-6 CRP IL-6 CRP
IL-6
CRP 0.382°2 0.458% 0.252°
ALA 0.001 0.009 0.002 0.013 -0.004 -0.026
DHA 0.044  -0.157° 0.030 -0.199° 0.073 -0.033
EPA -0.085 0.065 -0.088 0.090 -0.086 0.016
3p <0.001, °p = 0.002, °p = 0.006

*IL-6, CRP, ALA, DHA, EPA were logarithmically transformed

Table 14. Partial correlation coefficients of association between plasma markers of inflammation and erythrocyte fatty
acids in prostate cancer cases stratified by Gleason score*

IL-6|

CRP
ALA
DHA
EPA|

Low Grade 3+4

High Grade 4+3

High Grade 7+

(LG3+4) (HG4+3) Low Grade 6 (LG6) (HG7+)
IL-6 CRP IL-6 CRP IL-6 CRP IL-6 CRP
0.219° 0.276 0.210 0.302"
0.025  -0.044 -0.167 -0.145 0.009 -0.058 -0.003  -0.005
0.002 0.069 0.261 -0.192 0.099 -0.008 0.065 0.061
-0.039  -0.057 -0.128 0.194 -0.107 0.038 -0.085  -0.006

p =0.04, °p = 0.02

*IL-6, CRP, ALA, DHA, EPA were logarithmically transformed
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Table 15. Goodman and Kruskal's gamma coefficients of association between ordinal
categories of plasma markers of inflammation and ordered dichotomous categories of
erythrocyte fatty acids in biopsy negative controls and cancer cases, as a complete
cohort and stratified by cancer status*

Biopsy Negative Prostate Cancer

Entire Cohort Controls Cases

IL-6 CRP I1L-6 CRP IL-6 CRP
IL-6
CRP| 0.671% 0.734% 0.515%
ALA| -0.016 0.099 -0.042 0.277 -0.117 -0.213
DHA| -0.290* -0.390% -0.394*  -0.616° -0.099 0.046
EPA| -0.161 -0.192 -0.174  -0.317° -0.138 0.042

%p <0.001, °p =0.021

*|L-6 categorized into ordinal tertiles based on biopsy negative controls, CRP categorized into three ordinal
categories based severity of systemic inflammation; ALA, DHA, and EPA dichotomous categories defined as
having fatty acids levels below the median or above or equal to the median with median values based on biopsy
negative controls

Table 16. Goodman and Kruskal's gamma coefficients of association between ordinal categories of plasma
markers of inflammation and ordered dichotomous categories of erythrocyte fatty acids in prostate cancer
cases stratified by Gleason score*

Low Grade 3+4 High Grade 4+3 High Grade 7+
(LG3+4) (HG4+3) Low Grade 6 (LG6) (HG7+)

IL-6 CRP IL-6 CRP IL-6 CRP IL-6 CRP
IL-6
CRP| 0.478° 0.533" 0.423" 0.605°
ALA| -0.134 -0.397 -0.370 -0.063 -0.244 -0.409 0.013 -0.006
DHA| -0.172 -0.084 0.136 0.313 -0.105 -0.141 -0.087 0.302
EPA| -0.085 0.202 -0.232 -0.244 -0.118 0.143 -0.175  -0.085

p =0.002, °p = 0.02, °®p <0.001

*IL-6 categorized into ordinal tertiles based on biopsy negative controls, CRP categorized into three ordinal categories based severity of systemic
inflammation; ALA, DHA, and EPA dichotomous categories defined as having fatty acids levels below the median or above or equal to the median
with median values based on biopsy negative controls

Patient Outcome

The median follow-up time for the biopsy negative controls from the time of initial
biopsy to a diagnosis of prostate cancer, death, or end of the study period, was 51.5
months with a range of 3.0 to 78.0 months (Table 17). Ten (4.0%) subjects died during
the follow-up period; however, none of the deceased were diagnosed with prostate cancer
prior to their death. During the follow-up period, 99 (42.3%) of the biopsy negative

controls underwent repeat biopsies. Of that group, 20 (8.3%) were diagnosed with
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— —— prostate cancer but three of the
Table 17. New incident prostate cancer and mortality in

biopsy negative controls as of June 1, 2008

subjects were diagnosed within six
Controls

(n = 240) months of their initial biopsy.
Outcome® n (%) Thus, they were not considered as a
Had Repeat Biopsies 99 (41.3) new incidence prostate cancer for
Developed Prostate Cancer’ 17(7.1) this study and were deducted from
Deceased 10 (4.0) the total number of new prostate
Prostate Cancer Related Death 0(0.0)
Other Cancer Related Death 2 (0.8) cancer cases. Seventeen (71%)
Multi-Organ Failure 3(1.2)
Parkinson's 1(0.4) subjects met the study criteria for
Unknown 4 (2.0)

— — new incident prostate cancer.
Median follow-up time in months (range): 51.5 (3.0 - 78.0)

® Includes subject who developed prostate cancer before June 1, 2008
and no less than 6 months after their initial biopsy Gleason score for the

prostate cancer cases was previously collected during the DPC study. For subjects with a
Gleason score of 7, their tumor pattern was determined (3+4 vs. 4+3) for the purposes of
this study. Fifty-nine (48.8%) subjects had a Gleason score of 6, 30 (24.8%) subjects had
a score of 7 with a tumor pattern of 3+4, 4 (3.3%) subjects had a score of 7 with a tumor
pattern of 4+3, 19 (15.7%) subjects had a Gleason score of 8, and 9 (7.4%) subjects had a
score of 9 (Table 18). The mortality rate was higher in the cancer cases compared to the
biopsy negative controls at 11.6% (n = 14). No deaths were determined to be prostate
cancer related. Every cancer case was classified as pursuing a type of primary treatment,
including watchful waiting. A complete summary of primary treatments is listed in Table
18. The largest proportion (38.8%) of cancer cases underwent a RRP with the second

largest proportion (19.8%) choosing watchful waiting.
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Table 18. Gleason score and outcome in the prostate cancer cases
as of June 1, 2008.

Cases
(n=121)
Outcome n (%)
Gleason Score®
6 59 (48.8)
7 (3+4) 30 (24.8)
7 (4+3) 4(3.3)
8 19 (15.7)
9 9(7.4)
Primary Treatment
Androgen Deprivation Therapy (ADT) 6 (5.0
ADT + Orchiectomy 1(0.8)
ADT + Radiotherapy 11(9.0)
Brachytherapy 7(5.8)
Radical Prostatectomy (RRP) 47 (38.8)
RRP + Chemotherapy 4(3.3)
Radiotherapy 19 (15.7)
Watchful Waiting 24 (19.8)
Other® 2(1.7)
Biochemical Recurrence®
After radiotherapy 2(1.7)
After RRP 8 (6.6)
After RRP + Chemotherapy 2(1.7)
Deceased 14 (11.6)
Prostate Cancer Related Death 0(0)
Other Cancer Related Death 6 (5.0
Abdominal aortic aneurysm 1(0.8)
Sepsis 1(0.8)
Stroke 2(1.7)
Other* 1(0.8)
Unknown 3(2.5)

# Reported as highest Gleason score found during initial biopsy
® One subject had proton beam therapy and one subject died immediately
after his biopsy with no treatment

¢ Median time to biochemical recurrence in months (range): 25.5 (6.0 -
43.0)

“One subject died of sepsis, one of an abdominal aortic aneurysm,
and one of refractory cardiogenic shock
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Biochemical recurrence was
only documented in subjects who
had a RRP, with or without
chemotherapy, or radiotherapy,
including brachytherapy and
radiotherapy combined with ADT.
Thus, follow-up data was only
collected on 88 cancer cases. Of
these 88 cases, biochemical
recurrence occurred in 2 (1.7%)
subjects after radiotherapy, 8 (6.6%)
subjects after RRP without
chemotherapy, and 2 (1.7%) subjects
after RRP with pre-operative
chemotherapy. The median time to
biochemical recurrence was 25.5
months with a range of 6 to 43

months.



Circulating Markers of Inflammation and Inflammation in the Prostate

The presence of inflammation in the prostate at the time of biopsy was documented in the

biopsy negative controls during the DPC study. One hundred fourteen (47.5%) of the

biopsy negative controls had inflammation present in the specimens from their initial

biopsy (Table 19). Circulating levels of IL-6 were significantly higher in the subjects

with prostate tissue inflammation (median 1.99 pg/mL) compared to the biopsy negative

controls without inflammation (median 1.69 pg/mL) (p = 0.038). CRP exhibited the

Table 19. IL-6 and CRP plasma levels in biopsy negative controls
with and without prostate tissue inflammation at the time of initial
biopsy

Prostate Tissue Inflammation
Present Not Present
(n=114) (n=126) p’

median (range)

IL-6 (pg/mL)  1.99 (0.54 - 26.3) 1.69 (0.64 - 22.7) 0.038

CRP (mg/L)  1.70 (<0.3 - 29.6) 1.20 (<0.3 - 42.6) 0.047

# Wilcoxon rank-sum test

Table 20. Odds of prostate tissue inflammation in biopsy negative
controls

Age-adjusted

No. with
inflammation/ 95%
no. without Odds Confidence
inflammation  Ratio Interval
(114/126)
IL-6 (pg/mL)
<1.50 26/54 1.00 Referent
1.50<2.33 44/35 2.61 1.37,4.97
22.33 44/35 2.46 1.29, 4.70
pTrend 0.007
pEffect 0.004
CRP (mg/L)
<3 86/100 1.00 Referent
3<10 19/20 1.1 0.55, 2.20
210 9/6 1.74 0.59,5.13
pTrend 0.35
pEffect 0.59
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same pattern with a significantly
higher median level of 1.7 mg/L in
the subjects with prostate tissue
inflammation compared to a
median value of 1.2 mg/L in those
without tissue inflammation (p =
0.047).

After univariate and
multivariable examination of
possible confounding variables, the
final model for the prediction of
inflammation in the prostate
included age and the primary
exposure variables (Table 20).
There was a significant increase in

risk of prostate tissue inflammation



with higher levels of IL-6. After adjusting for age, the biopsy negative controls with IL-6
levels in the highest tertile had 2.46 times the odds of having inflammation in the prostate
compared to those with IL-6 values in the lowest tertile. The odds increased to 2.61 for
those with IL-6 levels in the middle tertile compared to those in the lowest tertile. While
not significant, there was increased risk of prostate tissue inflammation with increasing

levels of CRP after adjusting for age.

Model Description for the Risk of Prostate Cancer

Age-adjusted risk of prostate cancer, including stratification by disease severity,
was determined for each primary exposure variable. After univariate and multivariable
analysis, the final model for the risk of prostate cancer by IL-6 exposure included age and
NSAID use. The final model for the risk of low-grade cancer, defined as LG3+4 and
LG6, with CRP exposure included age and the ACCI. For the risk of high-grade
(HG4+3) cancer by IL-6 exposure, the final model included age and smoking status. The
final model with CRP included age, smoking status and the ACCI. When high-grade
cancer was defined as HG7+, the final model with CRP included age, the ACCI, and
prostate volume at the time of initial biopsy.

PSA at time of initial biopsy and age were included in the final model for HG4+3
and HG7+ cancer risk with ALA exposure. Smoking status and age were included in the
final model for HG4+3 cancer risk with DHA exposure. The final model with DHA
included age and prostate volume at the time of initial biopsy when high-grade cancer

was defined as HG7+.

45



All other models not specified above included only age after univariate and

multivariable analyses of potential confounding variables.

Inflammation and the Risk of Prostate Cancer

There was no significant relationship between systemic markers of inflammation (IL-6
and CRP) and age-adjusted risk of prostate cancer (Table 21). While there was no
significant association between prostate cancer risk and the three categories of I1L-6, each
group exhibited the same risk pattern across the tertiles. Prostate cancer risk appeared to
decrease in the subjects with IL-6 in the middle tertile compared to subjects in the lowest
IL-6 tertile. Furthermore, the risk for prostate cancer then increased in subjects with I1L-6
values in the highest tertile compared to the reference group. This U-shaped change in
prostate cancer risk appeared across the five stratified cohorts and may indicate a
protective effect of IL-6 to a certain threshold. After that threshold, increasing levels of
IL-6 lead to an increased risk in prostate cancer. There was a strong trend of increasing
risk of high-grade cancer (HG4+3) with increasing levels of IL-6.

While not as strong, a similar trend was seen between CRP and the risk of more
aggressive prostate cancer (HG4+3). However, after adjusting for age, smoking status
and the ACCI, this trend was eliminated (Table 22). There were no other discernable
patterns in the age-adjusted risk of prostate cancer for varying levels of CRP across the
degrees of cancer risk (Table 21). After adjusting for age and the ACCI, the risk of low-
grade (LG3+4 and LG6+) prostate cancer did not significantly change with CRP. After
adjusting for age, the ACCI, and prostate volume at the time of initial biopsy, risk of

more aggressive disease (HG7+) did not differ across the CRP categories (Table 22).
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The strong trend of increasing risk of high-grade (HG4+3) prostate cancer risk
with increasing levels of IL-6 was diminished after adjusting for age and smoking status
(Table 23). The relationship between IL-6 and prostate cancer risk was relatively
unchanged in the biopsy negative controls and prostate cancer cases after adjusting for

age and NSAID use.

Table 23. Multivariate-adjusted odds of prostate cancer by levels of IL-6, in biospy negative controls
VS. prostate cancer cases as a complete cohort and stratified by HG4+3.

Biopsy Negative Controls vs.
Cancer Cases Stratified by Gleason

Score
Biopsy Negative Controls vs. Cancer
Cases® High Grade 4+3 (HG4+3)°
95% 95%
No. of cases/ 0Odds Confidence No. of cases/ Odds Confidence
no. of controls Ratio Interval no. of controls Ratio Interval
(121/240) (32/240)
IL-6 (pg/mL)
<1.50 41/80 1.00 Referent 7/80 1.00 Referent
1.50<2.33 28/79 0.68 0.38,1.21 7179 0.86 0.28, 2.64
>2.33 52/81 1.21 0.72, 2.06 18/81 1.61 0.60,4.32
pTrend 0.43 0.27
pEffect 0.18 0.38

& Adjusted for age and NSAID use
® Adjusted for age and smoking status

Omega-3 Fatty Acids and the Risk of Prostate Cancer

Erythrocyte levels of ALA, DHA, and EPA were not related to prostate cancer risk, after
adjusting for age (Table 24). When the data was stratified by low-grade and high-grade
cancer, there was a strong trend between increasing levels of ALA and a decreasing risk
of low-grade (LG3+4) prostate cancer. While above the level of significance, the
subjects in the highest tertile of ALA had a 48% reduction in prostate cancer risk

compared to subjects with the lowest ALA levels.

48



5174

sploe Ae} auelquiawl 81400441419 [e10} JO JUSdIad e Sk passaldx3y

20 870 LE0 820 0co 109Y3d
260 290 0.0 190 €0 puaird
00C'€eS0 €01 18/S¢ T€CT'090 8TT 18/vC T0'C‘'9€'0 G80 18/2T ST'C'.90 021 18/L€ ¥8'T 'S9°0 60T 18/6Y7 9/.¥'0<
€2'T'82°0 650 6./vT 65°T'9€0 9.0 6./ST 9€'T'6T0 TS0 6.1/, 6ET'6E0 V.0 6./2¢ 6T'T '8€°0 190 6./6¢C 9/.¥°0 > 0S€°0
uslisjey 00'T 08/€2 ualsjay 00'T 08/0¢ slsjed  00'T 08/ET uslsjay 00'T 08/0¢ uslisjay 00'T 08/eV 0S€0 >
«vVd3
6.0 880 G50 8€0 8.0 10943d
6v'0 890 850 G20 190 puaird
65'C'€90 8C'T 18/S¢ €€C'.50 9T'T 18/2¢2 T0'C‘'620 9.0 18/6 §§C'LL0 OF'T 18/8¢ 102 '69°0 0zt 18/Lv 0L'E=
82'C'eS0 OTT 6./0¢C 20C'/y0 860 6./8T 80°€ ‘250 92T 6L/ET 08'T‘0S0 G6°0 6./S¢ T8'T '65°0 €0'T 6./8¢€ 0L'€>96¢C
uslsjey 00'T 08/.T ualsjey 00T 08/6T Lslsled  00'T 08/0T ualsjay 00T 08/9¢ uslsjey 00'T 08/9¢ 296°¢ >
*VHA
280 0€0 8€0 100 ov'o 1ay3d
G.°0 €20 6T°0 GS0°0 ce0 puaird
18T 'vP0 680 18/0¢ 0€'T'620 290 18/71 00'G'€L0 T6'T 18/ST 860,20 ¢SO0 18/6T 0E'T '€V'0 G.°0 18/v€ LETO<
122950 TIT 6./2¢ 90'¢ ‘G50 90T 6L/€C 207 ‘250 Sv'T 6./0T 9.'T‘/50 00T 6./S€ T8'T ‘€90 L0'T 6./SY LET'0> €0T'0
usisjey 00T 08/02 ualsjey 00T 08/2¢ Llsled  00'T 08/, ualsjey 00T 08/S€ uslisjey 00T 08/2v €0T'0 >
VIV
(ovzrz9) (ovz/69) (ovz/ze) (ovz/68) (ove/ter)
lealaiu| oney S$|011U0d [enta1u| oney S|01U0d [entL1u| oney S|05JUo0d [enta1u] oney S|0AU0d [enta1u| oney S|0)U0d
80UBPYUOD  SPPO J0 ou 80UBpHUOD  SPPO jo "ou 80UBpYUOD SPPO J0 "ou 80UBPKUOD  SPPO jo "ou 80UBpYUOD  SPPO jo -ou
%56 /S8seD JO "'ON %56 /S8SEeD JO "ON %56 /S8SEeD JO "ON %56 /S8SEeD J0 "ON %56 /S8SEeD J0 "ON
(+29H) +L opeis ybiH (997) 9 apeID Mo (€+VOH) £+ opeiD ybIH (+ED7) v+€ apelD Mo sased

31005 U0SEs|9 AQ paliiens sese) Jaoue)) ‘SA S[ouo) aAnebaN Asdolg

J92UB) "SA sjojuo) anirebaN Asdoig

*91090S U0Sses|9 Ag payinens pue Loyod a189|dwod e Se sased J1adued arelsold “SA S|013u0d aAlebau Adsoiq ur Jadued areisold Jo sppo paisnipe-aby ‘g a|gel




Table 25. Multivariable-adjusted odds of prostate cancer by levels of ALA and DHA, in biospy negative controls
VS. prostate cancer cases stratified by Gleason Score.

Biopsy Negative Controls vs. Cancer Cases Stratified by Gleason Score

High Grade 4+3 (HG4+3)? High Grade 7+ (HG7+)°
95% 95%
No. of cases/ Odds Confidence No. of cases/ Odds Confidence
no. of controls  Ratio Interval no. of controls  Ratio Interval
(32/240) (62/240)
ALA*
<0.103 7/80 1.00 Referent 20/80 1.00 Referent
0.103 <0.137 10/79 1.52 0.51, 4.53 22/79 1.14 0.56, 2.33
>0.137 15/81 1.58 0.55, 4.54 20/81 0.73 0.34, 1.57
pTrend 0.41 0.44
pEffect 0.75 0.35
DHA*
< 2.962 10/80 1.00 Referent 17/80 1.00 Referent
2.96<3.70 13/79 1.55 0.61, 3.93 20/79 1.52 0.71, 3.26
23.70 9/81 1.10 0.39, 3.14 25/81 1.68 0.80, 3.53
pTrend 0.82 0.18
pEffect 0.62 0.35

*Expressed as a percent of total erythrocyte membrane fatty acids
# ALA odds ratios adjusted for age and PSA at time of initial biopsy; DHA odds ratios adjusted for age and smoking status

® ALA odds ratios adjusted for age and PSA at time of initial biopsy; DHA odds ratios adjusted for age and prostate volume
at time of initial biopsy

Similar to IL-6, it appears that there may be a U-shaped relationship between n-3
fatty acids and the risk of prostate cancer. This was particularly true for DHA and EPA.
Compared to the reference group, subjects with EPA and DHA in the middle tertile had
the lowest prostate cancer risk. This was seen with and without stratification by Gleason
score. The exception to this observation was observed in the risk of more aggressive
disease (HG4+3 and HG7+). Subjects with DHA levels in the middle tertile had the
highest risk of high-grade (HG4+3) prostate cancer compared to the reference group. A
similar relationship persisted after adjusting for age and smoking status (Table 25).
When high-grade cancer was categorized as HG7+, the risk of prostate cancer increased
as DHA levels increased. This trend was strengthened after adjusting for age and

prostate volume at the time of initial biopsy.
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Inflammation, Omega-3 Fatty Acids, and the Risk of Prostate Cancer

When subjects were stratified by median ALA, DHA, and EPA levels, the risk of prostate
cancer was significantly associated with systemic inflammation. Median n-3 fatty acid
levels were based on the biopsy negative controls and were 0.12, 3.37, and 0.41 for ALA,
DHA, and EPA, respectively. Subjects with n-3 fatty acids below the median and IL-6 in
the lowest tertile or CRP levels in the lowest category were used as the reference group.
Before stratification by Gleason score, 1L-6 did not have any significant relationship with
prostate cancer risk at any n-3 fatty acid level (Table 26). This continued to be true after
stratifying by severity of disease (Table 27, 28, 29, 30). It was noted that the risk of
prostate cancer exhibited a U-shaped pattern in a majority of the IL-6 tertiles when
stratified by median n-3 fatty acid levels. There did not appear to be any pattern between
IL-6 and cancer risk when comparisons were made between subjects with levels above
the median and subjects with levels below the median for ALA, DHA, or EPA. After
adjusting for age, subjects with ALA levels below the median and CRP levels in the
middle category had a significant increased risk of prostate cancer compared to the
reference group with 2.24 times of the odds of prostate cancer (Table 26). Subjects with
CRP levels in the same category but DHA levels above or equal to the median also had a
significant increased risk of prostate cancer with 3.56 times the odds of cancer compared
to those with the lowest CRP levels and DHA below the median. While not significant,
the same association was observed between CRP, DHA, and less aggressive disease
(LG3+4) after adjusting for age and the ACCI (Table 27). Subjects with CRP levels in
the middle category and DHA levels above or equal to the median also had a significant

increased risk of aggressive disease (HG4+3) with 5.63 times the odds of the reference
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Table 26. Odds of prostate cancer by levels of IL-6 and CRP in biospy negative controls vs. prostate cancer cases stratified by median erythrocyte omega-3 fatty
acids.

ALA DHA EPA
< Median = Median < Median > Median < Median > Median
95% 95% 95% 95% 95% 95%
Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence
Ratio  Interval Ratio Interval Ratio Interval Ratio Interval Ratio  Interval Ratio  Interval
IL-6 (pg/mL)?
<1.50 1.00 Referent 0.85 0.39,1.82 1.00 Referent 0.73 0.33,1.58 1.00 Referent 0.79 0.37,1.69
1.50<2.33 0.62 0.29,1.36 0.61 0.25,1.47 0.49 0.20,1.22 0.61 0.27,1.40 0.55 0.24,1.29 0.63 0.28,1.44
22.33 154 0.74,3.21 0.77 0.35,1.66 0.77 0.36,1.66 1.49 0.65,3.45 1.11 0.54,1.28 1.01 0.46,2.23
pINT* 0.44 0.20 0.81
CRP (mg/L)’
<3 1.00 Referent 0.94 0.57,1.57 1.00 Referent 0.80 0.48,1.34 1.00 Referent 0.76 0.46, 1.26
3<10 2.24° 1.04,4.84 0.68 0.28,1.64 0.64 0.29,1.41 356° 1.32,9.58 0.93 0.43,2.04 152 0.66, 3.48
210 1.64 0.42,6.44 0.60 0.16,2.29 0.55 0.14,2.12 1.42 0.36,5.61 0.73 0.22,2.47 1.05 0.24,4.63
pINT 0.12 0.005 0.37

#Adjusted for age and NSAID use

" Adjusted for age

¢ Significantly different from reference group (Wald Testp-value = 0.04)
4Significantly different from reference group (Wald Testp-value = 0.012)
*Likelihood Ratio Test for Interaction

group (Table 28). Interestingly, when high-grade cancer was defined as HG7+, there was
an 85% reduction in risk of prostate cancer in subjects with CRP levels in the middle
category and DHA levels below the median (Table 30). The increased risk of aggressive
disease (HG7+) was no longer significant for subjects with the same CRP levels but
DHA levels above or equal to the median even though the risk of cancer remained
elevated. There was an overall significant interaction between CRP and DHA and the risk
of high-grade (HG 4+3 and HG7+) cancer with DHA levels below the median showing a
protective effect against HG7+ cancer for those with CRP levels in the middle and
highest categories. The risk of low-grade cancer, defined as LG3+4 and LG6, was
associated with a significant interaction between CRP and ALA (Table 27 and 29).

While there was no significant difference for any sub-group, subjects with ALA levels
below the median appeared at greater risk of less aggressive cancer when they had CRP
levels in the middle or highest categories. The significant interaction between CRP and
ALA was also observed with the risk of HG4+3 cancer, but not distinct pattern of risk

could be determined (Table 28).

52



Table 27. Odds of prostate cancer by levels of IL-6 and CRP in biospy negative controls vs. Low Grade 3+4 prostate cancer cases stratified by median erythrocyte
omega-3 fatty acids.

ALA DHA EPA
< Median = Median < Median = Median < Median = Median
95% 95% 95% 95% 95% 95%
Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence
Ratio  Interval Ratio  Interval Ratio Interval Ratio  Interval Ratio Interval Ratio  Interval
IL-6 (pg/mL)*
< 1.50 1.00 Referent 0.68 0.30, 1.52 1.00 Referent 0.93 0.40, 2.16 1.00 Referent 0.89 0.39,1.97
1.50 < 2.33 059 0.26,1.32 0.37 0.13,1.04 057 0.21,1.54 0.60 0.24,1.52 055 0.22,1.38 059 0.24,1.45
2233 1.20 0.55,2.59 0.47 0.20,1.11 0.69 0.29,1.63 1.42 0.56, 3.63 0.85 0.38,1.90 0.95 0.40,2.23
pINT* 0.62 0.37 0.91
CRP (mg/L)°
<3 1.00 Referent 0.76 0.43,1.35 1.00 Referent 1.01 057,181 1.00 Referent 0.85 0.48,1.49
3<10 1.55 0.66, 3.68 0.45 0.16,1.31 0.64 0.27,1.54 3.00 0.98,9.16 0.77 0.32,1.87 1.29 0.51,3.31
210 1.47 0.33,6.58 nd 0.23 0.03,1.95 092 0.16,5.16 nd nd
pINT 0.03 0.07 0.05

“Adjusted for age

° Adjusted for age and age-adjusted Charlson Comorbidity Index (ACCI)
*Likelihood Ratio Test for Interaction

nd - Inadequate date to provide an estimate of odds ratios

Table 28. Odds of prostate cancer by levels of IL-6 and CRP in biospy negative controls vs. High Grade 4+3 prostate cancer cases stratified by median erythrocyte
omega-3 fatty acids.

ALA DHA EPA
< Median = Median < Median = Median < Median = Median
95% 95% 95% 95% 95% 95%
Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence
Ratio  Interval Ratio  Interval Ratio Interval Ratio Interval Ratio Interval Ratio Interval
IL-6 (pg/mL)?
<1.50 1.00 Referent 2.15 0.38,12.1 1.00 Referent 0.25 0.04, 1.47 1.00 Referent 0.53 0.11,2.61
1.50<2.33 0.71 0.09,5.47 2.27 0.39,13.1 0.25 0.04,1.47 0.67 0.17,2.72 0.51 0.10, 2.52 0.75 0.17,3.35
2233 323 0.62,16.7 216 041,113 0.63 0.18,222 1.34 0.37,4.89 1.42 0.40,5.10 0.83 0.20,3.48
pINT* 0.24 0.07 0.59
CRP (mg/L)°
<3 1.00 Referent 1.39 0.52,3.75 1.00 Referent 0.70 0.25,1.93 1.00 Referent 0.63 0.24,1.67
3<10 219 0.53,9.10 1.28 0.30,5.50 0.34 0.07,1.75 5.63° 1.33,23.8 0.69 0.16,2.92 1.74 0.46, 6.55
210 1.26 0.12,13.1 1.69 0.31,9.12 0.48 0.08,2.98 249 040,157 1.64 0.38,7.18 nd
pINT 0.69 0.01 0.08

#Adjusted for age and smoking status

® Adjusted for age, age-adjusted Charlson Comorbidity Index (ACCI), and smoking status
“Significantly different from reference group (Wald Testp-value = 0.019)

*Likelihood Ratio Test for Interaction

nd - Inadequate date to provide an estimate of odds ratios

Table 29. Odds of prostate cancer by levels of IL-6 and CRP in biospy negative controls vs. Low Grade 6 prostate cancer cases stratified by median erythrocyte
omega-3 fatty acids.

ALA DHA EPA
< Median = Median < Median > Median < Median > Median
95% 95% 95% 95% 95% 95%
Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence
Ratio _Interval Ratio Interval Ratio Interval Ratio _Interval Ratio Interval Ratio _Interval
IL-6 (pg/mL)*
<1.50 1.00 Referent 0.95 0.36,2.49 1.00 Referent 0.68 0.26,1.83 1.00 Referent 0.85 0.32,2.23
1.50<2.33 0.54 0.19, 1.56 0.36 0.09, 1.42 0.35 0.10,1.25 042 0.14,1.30 0.27 0.07,1.07 0.61 0.21,1.78
22.33 1.90 0.77,4.69 0.79 0.29,2.15 0.84 0.33,2.13 159 0.57,4.46 1.14 0.45,2.85 1.33 0.51, 3.48
pINT* 0.47 0.32 0.52
CRP (mg/L)°
<3 1.00 Referent 0.90 0.45,1.80 1.00 Referent 0.89 0.44,1.80 1.00 Referent 0.90 0.46,1.79
3<10 2.08 0.77,5.49 0.82 0.27,2.47 1.00 0.40,2.51 3.16 0.91,11.0 1.19 0.45,3.13 1.72 0.60, 4.92
=10 256 0.56,11.7 nd 0.37 0.04,3.13 1.47 0.25,8.54 nd nd
pINT 0.04 0.18 0.07

#Adjusted for age

" Adjusted for age and age-adjusted Charlson Comorbidity Index (ACCI)
*Likelihood Ratio Test for Interaction

nd - Inadequate date to provide an estimate of odds ratios

53



Table 30. Odds of prostate cancer by levels of IL-6 and CRP in biospy negative controls vs. High Grade 7+ prostate cancer cases stratified by median erythrocyte
omega-3 fatty acids.

ALA DHA EPA
< Median 2 Median < Median > Median < Median 2 Median
95% 95% 95% 95% 95% 95%
Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence Odds Confidence
Ratio  Interval Ratio  Interval Ratio Interval Ratio  Interval Ratio Interval Ratio  Interval
IL-6 (pg/mL)?
<1.50 1.00 Referent 0.65 0.24,1.76 1.00 Referent 0.75 0.27,2.10 1.00 Referent 0.77 0.28,2.06
1.50<2.33 0.64 0.24,1.68 0.78 0.28,2.23 0.67 0.21, 2.09 0.77 0.27,2.20 0.85 0.31,231 0.65 0.23,1.86
22.33 1.17 0.46, 3.00 0.65 0.25,1.72 0.63 0.22,1.78 1.47 0.51,4.26 1.07 043,271 0.76 0.27,2.15
pINT* 0.51 0.27 0.99
CRP (mg/L)°
<3 1.00 Referent 0.85 0.43,1.68 1.00 Referent 1.02 0.50, 2.07 1.00 Referent 0.75 0.37,1.48
3<10 1.23 0.42,3.66 0.28 0.07,1.09 0.15° 0.03,0.72 3.49 0.99,124 0.38 0.11,1.32 0.88 0.29,2.73
210 0.62 0.06, 6.15 0.77 0.18,3.27 0.41 0.08,2.17 2.18 0.33,14.2 0.96 0.26, 3.61 nd
pINT 0.29 0.002 0.14

#Adjusted for age

b Adjusted for age, age-adjusted Charlson Comorbidity Index (ACCI), and prostate volume at time of initial biopsy
¢ Significantly different from reference group (Wald Testp-value = 0.018)

*Likelihood Ratio Test for Interaction

nd - Inadequate date to provide an estimate of odds ratios

Model Description for the Development of Prostate Cancer

Age-adjusted hazard ratios for the risk of developing prostate cancer were determined for
each primary exposure variable. After univariate and multivariable analysis, the final
model for the risk of developing prostate cancer included age and the ACCI with IL-6 as
the primary exposure variable. When CRP was the primary exposure variable, the final
model included age and NSAID use. For the risk of developing prostate cancer with
inflammation of the prostate at the time of initial biopsy being the primary exposure
variable, the final model included age, and PSA and prostate volume at the time of
biopsy. The final model with ALA as the primary exposure variable included age and the
average daily consumption of meat products from red meat, poultry and fish (0z). The
final model for DHA included age and the average daily consumption of caffeine (mg).
After univariate and multivariable analyses of potential confounding variables, the final

model with EPA as the primary exposure variable only included age.

Inflammation and the Development of Prostate Cancer
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As stated previously, 240 subjects
were followed for a median of 51.5
months. During the follow-up period,
20 subjects developed cancer. Three
of the subjects were diagnosed with
cancer within six months of their
initial biopsy and they were excluded
from analysis. One subject died
within three months of his initial
biopsy and his contribution to the
follow-up data was also excluded.
Kaplan-Meier (KM) survival curves
were calculated to assess the

relationship between inflammation

and patient survival, defined as being
cancer free at the end of the follow-
up period.

The KM survival curves were
not significantly different between
tertiles of IL-6 and CRP (Figure 5
and 6). This was also true for the
KM curves of subjects with and

without inflammation of the prostate
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Figure 5. Kaplan-Meier estimates of prostate cancer-free
survival functions by tertiles of I1L-6.
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Figure 6. Kaplan-Meier estimates of prostate cancer-free
survival functions by categories of CRP.
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Figure 7. Kaplan-Meier estimates of prostate cancer-free
survival functions by the presence of inflammation in the
prostate.
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at the time of initial biopsy (Figure 7). It did appear that subjects who had IL-6 levels in
the lowest and middle tertile were at lower risk of developing prostate cancer compared
to subjects with IL-6 levels in the highest tertile. Those subjects with inflammation in the
prostate at the time of initial biopsy also appeared to be at lower risk for developing
prostate cancer compared to those who did not have inflammation in the prostate.

After adjusting for age, there was no significant difference in risk of developing
prostate cancer and levels of IL-6 (Table 31). Compared to the reference group, subjects
with IL-6 levels in the middle were at the lowest risk of developing prostate cancer with a
hazard ratio of 0.89. The hazard ratio increased to 1.36 for those with levels of IL-6 in
the highest tertile. The same pattern was seen after adjusting for age and the ACCI.

As with IL-6, the risk of developing prostate cancer did not significantly differ

Table 31. Hazard ratios of developing prostate cancer by markers of systemic inflammation and prostate
tissue inflammation

Age-Adjusted Multivariable-Adjusted?®
No. of failures/ 95% 95%
No. of Hazard Confidence Hazard Confidence
censored Ratio Interval Ratio Interval
(17/219)
IL-6 (pg/mL)
<1.50 5/73 1.00 Referent 1.00 Referent
1.50<2.33 5/74 0.89 0.26, 3.08 0.68 0.19, 2.41
22.33 7172 1.36 0.42,4.38 1.04 0.32,3.44
pTrend 0.59 0.89
pEffect 0.75 0.74
CRP (mg/L)
<3 11/172 1.00 Referent 1.00 Referent
3<10 4/34 1.71 0.54, 5.37 1.82 0.57,5.82
210 2/13 2.18 0.47,9.63 2.83 0.62,12.9
pTrend 0.23 0.12
pEffect 0.50 0.35
Prostate Tissue Inflammation
Not Present 10/114 1.00 Referent 1.00 Referent
Present 7/105 0.71 0.27,1.87 0.58 0.21, 1.59
pTrend 0.49 0.29
pEffect 0.48 0.29

#IL-6 hazard ratios adjusted for age and age-adjusted Charlson Comorbidity Index (ACCI); CRP hazard ratios adjusted for age
and NSAID use; Prostate tissue inflammation hazard ratios adjusted for age, and PSA and prostate volume at the time of initial
biopsy
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with levels of CRP (Table 31). Unlike the U-shaped pattern seen with IL-6, the age-
adjusted hazard ratio and multivariable-adjusted hazard ratio increased with increasing
levels of CRP. Subjects with CRP levels in the highest category had the greatest risk for
developing prostate cancer compared to those with the lowest CRP levels.

Interestingly, after adjusting for age, subjects were at lower risk of developing
prostate cancer if they had inflammation in the prostate present at the time of initial
biopsy compared to those who did not (Table 31). This continued to be true after
adjusting for age, the ACCI, and PSA and prostate volume at the time of initial biopsy.
Again, the difference in risk for those with inflammation in the prostate and those without

inflammation in the prostate was not significantly different.

Omega-3 Fatty Acids and the Development of Prostate Cancer

The relationship between n-3 fatty acids and the development of prostate cancer was first
examined with KM curves. There was no significant difference in KM curves between
tertiles of ALA or DHA (Figure 8 and 9). There was a significant difference in the KM
curves when the risk of developing prostate cancer was examined by tertiles of EPA
(Figure 10). Subjects in with EPA levels in the middle tertile appeared to be at higher
risk for developing prostate cancer compared to subjects in the lowest and highest tertiles.
When the KM curve for subjects in the middle tertile for EPA was compared to the curve
for those with EPA values in the lowest tertile, there was a significant difference (log-
rank test p-value = 0.02). However, when the KM curve for those in the middle tertile
was compared to those in the highest tertile, there was no significant difference between

the estimated survival functions (log-rank test p-value = 0.13). There was also no
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Figure 8. Kaplan-Meier estimates of prostate cancer-free
survival functions by levels of DHA.
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Figure 9. Kaplan-Meier estimates of prostate cancer-free
survival functions by levels of ALA.
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significant difference between
those in the highest tertile and
those in the lowest tertile (log-
rank test p-value = 0.29).

After adjusting for age,
subjects with EPA levels in the
middle tertile had a significantly
higher risk of developing
prostate cancer compared to
those in the lowest tertile (Table
32). The estimated hazard was
markedly higher at 4.96
compared to the reference
group. The risk of developing
decreased for subjects with EPA
levels in the highest tertile.
While not significant, a similar
pattern of risk was seen across
the tertiles for DHA and ALA
after adjusting for age and in
the multivariable analysis for
DHA. After adjusting for age

and the average daily



consumption of meat products from red meat, poultry and fish (in ounces), the risk for
developing prostate cancer increased with increasing levels of ALA. Again, the

difference in hazard ratios was not significantly different.

Table 32. Hazard ratios ofdeveloping prostate cancer by levels of erythrocyte n-3 fatty acids
expressed as a percent of total membrane fatty acids.

Age-Adjusted Multivariable-Adjusted®
No. of failures/ 95% 95%
No. of Hazard Confidence Hazard Confidence
censored Ratio Interval Ratio Interval
(17/219)
ALA
<0.103 5/75 1.00 Referent 1.00 Referent
0.103 <0.137 6/70 1.15 0.35, 3.76 1.15 0.35, 3.78
20.137 6/74 1.13 0.34,3.81 1.37 0.40, 4.68
pTrend 0.84 0.61
pEffect 0.97 0.89
DHA
<2.962 5/73 1.00 Referent 1.00 Referent
2.96<3.70 8/70 1.46 0.47,4.54 1.36 0.44, 4.26
23.70 4/76 0.64 0.17, 2.43 0.51 0.13,1.97
pTrend 0.51 0.31
pEffect 0.39 0.26
EPA
< 0.350 2175 1.00 Referent n/a
0.350 < 0.476 10/68 4.96° 1.08, 22.7 n/a
2 0.476 5174 2.31 0.45,12.0 n/a
pTrend 0.45
pEffect 0.05

#ALA hazard ratios adjusted for age and the average daily consumption of meat products from red meat, poultry and
fish (0z); DHA hazard ratios adjusted for age and average daily intake of caffeine (mg); EPA hazard ratios adjusted for
age only

® Significantly different from the reference group (Wald test p-value = 0.039)

Inflammation, Omega-3 Fatty Acids and the Relative Risk of Prostate Cancer

KM curves were used to investigate the relationship between inflammation, n-3 fatty
acids, and the risk of developing prostate cancer. Subjects were stratified into six
categories for IL-6 and CRP defined by their inflammatory marker category and whether

they were above or below the median for ALA, DHA, or EPA. For prostate tissue
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inflammation, subjects were grouped by being with or without tissue inflammation and
being above or below the median for the fatty acids.

Risk for developing prostate cancer appeared to be higher for subjects with IL-6
levels in the highest tertile and fatty acid levels above or equal to the median. This
difference in risk was not significant between the KM curves for ALA and DHA (Figure
11 and 12). However, there was a significant difference when subjects were stratified by
IL-6 and EPA (Figure 13). Those with IL-6 levels in the highest tertile and EPA levels
above or equal to the median appeared to be at greater risk for developing prostate
cancer. When the KM curve for this category was compared to the other curves, there
was only a significant difference between those with IL-6 levels in the highest tertile and
EPA levels above or equal to the median and the subjects with the same IL-6 levels but
EPA levels below the median (log-rank test p-value = 0.002).

The KM curves for CRP did not show any significant differences when stratified
by ALA, DHA, or EPA (Figure 14, 15, 16). This finding was also true for the KM curves
for prostate tissue inflammation and the n-3 fatty acids (Figure 17, 18, 19). The most
noticeable differences between the KM curves were found when CRP and prostate tissue
inflammation were stratified by EPA (Figure 16 and 19). Subjects with EPA levels
above or equal to the median exhibited the poorest outcome across all markers of
inflammation.

After adjusting for age and the ACCI, there was only a significant interaction
between IL-6 and EPA and the risk of developing prostate cancer (Table 33). The risk of
developing prostate cancer was the lowest in subjects with IL-6 levels in the middle

tertile and EPA levels below the median. Compared to the reference group, subjects with
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Figure 19. Kaplan-Meier estimates of prostate cancer-free
above or equal to the median survival functions by prostate tissue inflammation and EPA.

had to poorest outcome. Unfortunately, there was insufficient data to develop a hazard
ratio for this category as well as for those with the same IL-6 levels but EPA levels below
the median.

EPA levels above or equal to the median significantly increased the risk of
developing prostate cancer when evaluated with CRP. After adjusting for age and
NSAID use, there was a significant increased risk of developing prostate cancer for
subjects with EPA level above or equal to the median and CRP levels in the middle and
highest categories. Compared to the reference group, the risk for developing prostate
cancer was the greatest for those with CRP levels in the highest category, with a hazard
ratio of 26.6. The hazard ratio decreased to 9.05 for those with CRP levels in the middle
category. It must be noted that the 95% confidence intervals for these estimates was
extremely wide and the estimated hazard ratios should be reported with caution. There
was no significant interaction between CRP, IL-6, ALA and DHA. The presence or lack
of inflammation in the prostate was not significantly associated with any omega-3 fatty

acids. However, it can be noted that the risk for developing prostate cancer was the
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greatest in subjects without inflammation in the prostate and omega-3 fatty acid levels
above the median. As with the other markers of inflammation, the highest risk of

developing cancer was associated with EPA.
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DISCUSSION

Summary of Significant Findings

The subject population for this study was relatively homogenous. There was no
significant difference in age, race, BMI, medication use, or a majority of the prostate
cancer risk factors between the biopsy negative controls and cancer cases. There was a
significant difference for level of education, the ACCI, smoking status, and prostate
volume. Overall, the biopsy negative controls attained a higher level of education
compared to the cancer cases. The cancer cases suffered from more co-morbidities
compared to the biopsy negative controls with a higher proportion of cancer cases in the
highest ACCI category. There were also a greater number of current smokers among the
cancer cases and more non-smokers among the biopsy negative controls. Similar to other
studies, prostate volume at the time of initial biopsy was higher in the biopsy negative
controls compared to the cancer cases (58, 59).

There was minimal difference in the primary exposure variables between the
biopsy negative controls and cancer cases. The only significant differences occurred
when the cancer cases were stratified by disease severity. ALA was significantly higher
in the subjects with LG3+4 cancer compared to controls. Subjects with high-grade
cancer, defined as HG4+3, had significantly higher levels of IL-6 compared to the
controls with a median value of 2.52 pg/mL. When the biopsy negative controls were
stratified by the presence of inflammation in the prostate at the time of initial biopsy,
CRP and IL-6 were significantly higher in the controls with inflammation in the prostate.

Circulating levels of IL-6 were also related to the risk of prostate inflammation. After
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adjusting for age, controls with elevated IL-6 levels were at a significantly higher risk of
having prostate tissue inflammation with the highest risk occurring in controls with IL-6
levels in the middle tertile (OR: 2.61, 95% CI: 1.37 - 4.97).

When the relationship between IL-6, CRP, ALA, DHA, and EPA was examined,
there was a significant inverse correlation between IL-6 and EPA, and CRP and DHA.
Interestingly, when the relationship between the primary exposure variables was
examined in the controls and cancer cases independently, significant correlations were
only found in the biopsy negative controls. In addition to the significant inverse
correlation between IL-6 and EPA, the controls exhibited a significant inverse
relationship between IL-6 and DHA. CRP continued to have a significant inverse
correlation with DHA. In the entire cohort and biopsy negative controls, CRP had a
significant inverse association with DHA after adjusting for IL-6, ALA, and EPA, but
there was no significant inverse relationship between IL-6 and EPA and DHA after
adjusting for CRP and the other n-3 fatty acids. In the entire cohort and biopsy negative
controls, IL-6, categorized in tertiles, had a significant inverse association with DHA,
categorized dichotomously. CRP, categorized into three ordinal groups, had a significant
inverse association with DHA in the entire cohort and in the biopsy negative controls.
CRP was also inversely associated with EPA, categorized dichotomously, in the biopsy
negative controls. As expected, CRP and IL-6 exhibited a positive correlation in the
biopsy negative controls and cancer cases. The positive correlation was also found in the
biopsy negative controls, cancer cases, LG3+4 cancer cases, and HG7+ cancer cases
when each group was examined alone. The positive association between IL-6 and CRP

was also found in the same groups after adjusting for the n-3 fatty acids. When the
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variables were categorized, there was a significant positive association between IL-6 and
CRP in the entire cohort and in each group examined independently. There were no
significant relationships between the primary exposure variables in the HG4+3 and LG6
cancer cases.

After adjusting for age and other covariates, there was no significant association
between the primary exposure variables and the risk of prostate cancer. When the
interaction between the plasma inflammatory markers and the n-3 fatty acids was added
to the model, there were significant findings for the risk of prostate cancer. After
adjusting for age, there was a significant increase in risk of prostate cancer in subjects
with ALA levels below the median and CRP levels in the middle category. The risk of
prostate cancer and HG4+3 cancer was also found to be higher in subjects with CRP
levels in the same category and DHA levels above or equal to the median. However,
there was a significant decrease in risk of HG7+ cancer in subjects with DHA levels
below the median but the same levels of CRP. There was a significant interaction
between CRP and ALA and the risk of LG3+4 and LG6 cancer, but there was no
significant difference in risk within each group.

EPA was the only primary exposure variable that exhibited a significant
association with the risk of developing prostate cancer. Levels of EPA between 0.350%
and 0.476% were associated with a significantly higher risk of developing prostate cancer
compared to those with levels below 0.350%. When the interaction between CRP and
EPA was taken into consideration, there was a significant increased risk of developing
prostate cancer in subjects with EPA levels above or equal to the median and increasing

levels of CRP. However, there was question regarding the validity of the estimate of risk
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due to the wide confidence interval. There was also a significant interaction between
EPA and IL-6 but there was no significant difference in the risk of developing prostate
cancer within the group. The KM estimate of cancer-free survival did indicate that
subjects had the poorest outcome when they had levels of IL-6 in the highest tertile and

EPA levels above or equal to the median.

Correlations between Plasma Markers of Inflammation and Omega-3 Fatty acids

As hypothesized, there was an inverse relationship between levels of IL-6 and CRP and
the n-3 fatty acids, DHA and EPA, in the study population. Similar to other studies, IL-6
and CRP were positively correlated in the controls and cancer cases (60). Surprisingly,
the inverse correlations between plasma markers of inflammation and n-3 fatty acids
were not found when the cancer cases were examined independently. The loss of the
anti-inflammatory effects of DHA and EPA in the cancer cases could be a result of
changes in the composition of their membrane fatty acids. Stepovaya et al. have analyzed
erythrocyte membrane fatty acids in patients with various malignancies (61). They
reported that arachidonic acid (AA) was significantly decreased in the erythrocyte
membranes of cancer patients. Novitskii et al. also found a decrease in the
phosphatidylcholine and phosphatidylethanolamine fractions of erythrocyte membranes
in patients with stomach and head and neck cancer (62). There may also be fluctuations
in the fatty acid composition of prostate tissue. It has been shown that the concentration
of AA was lower in malignant prostate tissue compared to controls (63-65). It was
thought that this decline in AA may be due to an up-regulation of the COX and LOX

pathways. In contrast, Hagstrup et al. reported that the concentration of ALA was
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elevated in the prostate of men with cancer compared to the concentration found in their
leukocyte membranes (66). The same study also found that EPA and DHA were strongly
correlated in the leukocytes and prostate tissue of men with and without cancer. The
present study found no significant difference in erythrocyte n-3 fatty acids in the biopsy
negative controls and cancer cases. The only exception was the elevated ALA levels in
the LG3+4 cancer cases. The lack of difference in n-3 fatty acids among prostate cancer
cases and controls has been observed in other studies (51, 63). It has also be found that
dietary n-3 fatty acids reported on a diet recall correlated with erythrocyte n-3 fatty acid
levels in men with and without prostate cancer (67). This study did not examine the
levels of AA, but a disruption in the levels of AA in the erythrocyte membranes of the
prostate cancer cases, as found in other studies, may explain the absence of correlations
between circulating markers of inflammation and n-3 fatty acids. It is possible that the
anti-inflammatory effects of n-3 fatty acids may be lost in patients with cancer secondary
to changes in the composition of their membrane fatty acids. There may also be changes
in the key enzymes of the eicosanoid pathway that occur with malignancy. The research
into the effect of cancer on membrane fatty acids and related metabolic pathways may

provide further insight into the findings from this study.

Inflammation, Omega-3 Fatty Acids and Prostate Cancer Risk

Research focused on the relationship between n-3 fatty acids and the risk of prostate
cancer has not been consistent. Some studies have found an increased risk of prostate
cancer with higher levels of ALA and no association between EPA, DHA, and the risk of

prostate cancer (51, 52, 68). Others have found that the association between an increased
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risk in prostate cancer and ALA was related to advance prostate cancer only (69). There
has also been research that indicated that the risk of prostate cancer decreased with
increasing levels of DHA and EPA (69-71). The results of the present study conflicted
with previously conducted studies and contradicted the hypotheses that subjects with the
highest n-3 fatty acid levels would be at the lowest risk for cancer. As stated previously,
ALA has been implicated in the increased risk of prostate cancer by other research. The
opposite was true for this population where ALA levels below the median were
associated with an increased risk in prostate cancer when subjects had CRP levels in the
middle category. Furthermore, higher levels of DHA have shown protective effects
against the risk of prostate cancer. Recent research by Edward et al. has documented the
role of DHA in the regulation of syndecan-1 (SDC-1), a proteoglycan that has been found
to prevent tumor progression (72). DHA, via peroxisome proliferator activated receptor y
(PPARY), up-regulated SDC-I in the prostate of mice in vitro and in human prostate
cancer cells in vivo. However, in the present study, there was an increased risk in high-
grade (HG4+3) cancer in men with DHA levels above or equal to the median and CRP
levels in the middle category. There was also a decreased risk in high-grade (HG7+)
cancer in men with DHA levels below the median and similar CRP levels. As with DHA,
EPA has been associated with a decreased risk in prostate cancer but this was not
supported by the present findings. When examined independently, men with EPA levels
in the middle tertile were at a higher risk for developing prostate cancer. There was also
an increased risk in developing prostate cancer in men with EPA levels above or equal to
the median and CRP levels in the middle and highest category or IL-6 in the highest

tertile.
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This study also hypothesized that the risk of prostate cancer would increase with
increasing levels of IL-6 and CRP. The increased risk of prostate cancer described above
was found in subjects with IL-6 and CRP levels in the middle and highest categories
when considered with EPA and DHA, but CRP and IL-6 were not independently related
to the risk of prostate cancer. The relationship between IL-6 and CRP and prostate
cancer risk has been investigated with conflicting results. IL-6 has been linked to the
development and progression of prostate cancer but other studies have found no
association between IL-6 and the risk of prostate cancer (50, 60). The same has been true
for circulating levels of CRP.

This was the first study to investigate the risk of prostate cancer as it is relates to
circulating plasma inflammatory markers and erythrocyte n-3 fatty acids. Thus, it is
difficult to compare the results discussed here with previously published research. Three
plausible reasons for the discrepancy between this study and others are discussed here.
First, there may be genetic variations in the IL-6 and CRP genes as well as in the genes
that are responsible for the COX-2 enzyme. This genetic variation has been attributed to
the presence of single nucleotide polymorphisms (SNPs) located in or near the promoter
region of the genes. SNPs can alter gene expression and protein synthesis, and they have
been associated with a both an increase and decrease in prostate cancer risk (50, 70, 71).
Polymorphisms have also been associated with changes in circulating IL-6 and CRP
concentrations (73), while other researchers have found genetic variations in the IL-6
gene that are not associated with increases in circulating IL-6 (50, 60). Genetic variations
that alter IL-6, CRP and eicosanoid production may confound the association between

inflammation, n-3 fatty acids and prostate cancer.
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Secondly, the n-3 fatty acid, IL-6 and CRP levels in this study population were
lower compared to similar research. The median ALA, DHA, and EPA levels in the
biopsy negative controls were 0.12, 3.37 and 0.41, respectively. In the prostate cancer
cases, the median values were 0.12, 3.46, and 0.39, respectively. Studies that have found
significant associations between the risk of prostate cancer and n-3 and n-6 fatty acids
have had median ALA, DHA, and EPA levels around 0.18-0.20, 4.07-6.84, and 0.54-
0.67, respectively (51, 52, 67). Research focused on the use of EPA to treat rheumatoid
arthritis has suggested that the maximum benefit from EPA occurs with daily intakes of
approximately 1.6 g/day and mononuclear cell phospholipid EPA concentrations above
1% (74, 75). EPA concentrations in erythrocyte membranes increase approximately
1.4% per gram of intake (35, 36). Daily intakes of 1.6 g/day may result in erythrocyte
membrane EPA levels of 2.2% of total membrane fatty acids. The median levels in this
study were 0.41 in the controls and 0.39 in the cancer cases, which is markedly lower
than levels recommended for the treatment of rheumatoid arthritis. This may indicate
that there is a threshold that must be reached before the protective effects of n-3 fatty
acids can be observed (67). The present study and previous research may not have
reached that threshold resulting in a lack of significant results. This may be especially
true for population-based studies in countries where the intake of n-3 acids is below
recommended levels (76). It is interesting to note that evidence that supports the
protective role of n-3 fatty acids in the prevention of prostate cancer and inflammation
has been reported by studies conducted in countries that have diets rich in n-3 fatty acids

when compared to Western countries (39, 70).

73



Lastly, it has been proposed that an increase in the ratio of n-3 to n-6 fatty acids is
more important to a reduction in prostate cancer risk versus the intake of n-3 fatty acids
alone (37, 63, 70). Some researchers go further suggesting that it is an increase in the
ratio of EPA+DHA to n-6 fatty acids that may be protective against prostate cancer. This
is supported by research that implicates higher ALA intake with an increasing risk of
prostate cancer and the poor conversion of ALA to EPA in humans. The ratio of n-6 to
n-3 fatty acids has risen dramatically in the past century (76). In the 1990s, it was
estimated that the ratio of n-6 to n-3 fatty acids was 10 to 6 and some suggest that the
ratio should be 2.3 to 1. The intimate connection between n-3 and n-6 fatty acids,
particularly in the eicosanoid pathway, may play a role in the risk of prostate cancer. It is
plausible that an increase in n-3 fatty acid needs to be accompanied by a decrease in n-6
fatty acid intake for there to be any benefit. This study did not examine the relationship
between n-6 and n-3 fatty acids or the association between n-6 fatty acids and prostate

cancer risk. Such analyses might have enhanced the findings in this population.

Circulating Plasma Markers of Inflammation and Inflammation in the Prostate

This was the first study to examine the relationship between circulating levels of IL-6 and
CRP and inflammation in the prostate in men without prostate cancer. Men with IL-6
values in the highest tertile had 2.5 times the odds of having inflammation in the prostate
compared to men with IL-6 levels in the lowest tertile. The risk was even higher for men
with IL-6 levels in the middle tertile at 2.6 the odds. While more research is needed to
validate the results of this study, the use of circulating IL-6 to detect inflammation in the

prostate may be a useful, non-invasive, diagnostic tool for researchers and practitioners.
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This study indicates that men may be at greater risk for inflammation in the prostate with

IL-6 levels between 1.50 and 26.3 pg/mL.

Strengths

This study had several strengths. The study design combined both prospective and case-
control analyses. Case-control studies are highly informative because they allow for the
evaluation of several causal hypotheses as well as the evaluation of interactions and
confounding factors. Prospective studies are considered to be a stronger study design.
Subjects are disease-free at the time of entry into the study and are then followed for a
specified period of time. Thus, the covariates of interest are not confounded by the
presence of disease like they can be in case-control studies. This study was able to
benefit from the strengths of both study designs.

The use of erythrocyte membrane n-3 fatty acids levels as a biomarker for n-3
fatty acid intake can be considered a more accurate measurement compared to dietary
intake assessed from food frequency questionnaires which often suffer from recall bias.
Since erythrocytes have an average life span of 120 days, the fatty acids values reflect
long-term exposure and dietary patterns.

The data collected during the DPC study included extensive information on
dietary intake, medication use, and common risk factors for disease. This made it
possible to adjust for several possible confounding variables including aspirin and
NSAID use, and a variety of nutrients that may interact with inflammation or prostate

cancer.
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Limitations

This study was not without limitations. Case-control studies are often associated
with recall and selection bias. The recall bias related to the intake of n-3 fatty acids was
eliminated by the use of erythrocyte measurements. However, recall bias would still
impact other covariates such as medication use and other nutrient data. This study was
also a secondary analysis of the DPC study. This prevented changes to the study design,
inclusion/exclusion criteria, methods, or sample size. For example, the small sample size
made examination within sub-groups problematical. For the prospective analyses, the
follow-up period was relatively short and there was insufficient outcome data to exam the
relationship between inflammation, n-3 fatty acids, and biochemical recurrence.

This study was only able to analyze measurements of IL-6, CRP and erythrocyte
n-3 fatty acids at a single time point. This prevents the assessment for trends that might
be related to the disease process as well as physiological fluctuations. The values for
ALA, DHA, and EPA fell within a narrow range and this lack of variance may have
prevented the detection of change within the data set.

Research focused on the connection between prostate cancer and n-3 fatty acids
has used a variety of methods to assess n-3 fatty acids including dietary recalls, plasma
phospholipids, adipose tissue, and the membranes of leukocytes and erythrocytes. It was
difficult to accurately compare the results from this study to previously published

research because of the variation in the measurement of n-3 fatty acids.
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SUMMARY & CONCLUSION

This study found an inverse relationship between plasma markers of inflammation
and the n-3 fatty acids, DHA and EPA. This supports the hypothesis that higher intakes
of n-3 fatty acids interfere with the perpetuation of the inflammatory response. N-3 fatty
acids may exert this effect through several pathways including the displacement of AA as
a precursor for eicosanoid production, competition for key enzymes of the LOX and
COX pathways, and suppression of pro-inflammatory transcription factors (77).
Interestingly, this inverse relationship was only found in men without prostate cancer for
reasons that cannot be elucidated without further research. The associations between
inflammation, n-3 fatty acids, and the risk of prostate cancer described by this study did
not correlate with the findings of others. However, the availability of related research
was limited and the population examined in this study may have had levels of n-3 fatty
acids and inflammatory markers that were inadequate to observe any valid associations.

In summary, this study supports the anti-inflammatory effects of n-3 fatty acids in
men without prostate cancer. It was also concluded the circulating levels of IL-6 can be
indicative of inflammation in the prostate. Further research is needed to examine the
relationship between n-3 fatty acids, inflammation, and outcome in men with and without
prostate cancer. In particular, research that is conducted in populations with adequate
intakes of DHA and EPA or in conjunction with supplementation may provide a more

accurate picture of the potential protective effects of these fatty acids.
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Power Calculations

Minimum detectable Pearon's correlation coefficients for plasma markers of
inflammation and omega-3 fatty acids.

Correlation p-value
Coefficient Sample Size Power (two-sided)
0.13 361 0.70 0.05
0.15 361 0.80 0.05
0.17 361 0.90 0.05

Minimum detectable hazard ratio for the risk of developing prostate cancer by primary exposure variable.

Minimum
Expected p-value (two Detectable Hazard

Primary Exposure Variable Sample Size  Event Rate Power sided) Ratio
IL-6 240 0.17 0.80 0.05 1.17

CRP 240 0.17 0.80 0.05 1.40

ALA 240 0.17 0.80 0.05 3.21

DHA 240 0.17 0.80 0.05 1.45

EPA 240 0.17 0.80 0.05 3.65

Minimum detectable hazard ratio for the risk of developing prostate cancer with an interaction between
plasma markers of inflammation and omega-3 fatty acids.

Minimum
Expected p-value (two Detectable Hazard

Primary Exposure Variable  Sample Size  Event Rate Power sided) Ratio
CRP x ALA 240 0.17 0.80 0.05 1.47

CRP x DHA 240 0.17 0.80 0.05 1.13

CRP x EPA 240 0.17 0.80 0.05 1.54

IL-6 x ALA 240 0.17 0.80 0.05 2.30

IL-6 x DHA 240 0.17 0.80 0.05 1.30

IL-6 x EPA 240 0.17 0.80 0.05 2.52
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Minimum detectable hazard ratio for the risk of biochemical recurrrence by primary exposure variable.

Minimum
Expected p-value (two Detectable Hazard

Primary Exposure Variable Sample Size  Event Rate Power sided) Ratio
IL-6 121 0.26 0.80 0.05 1.19

CRP 121 0.26 0.80 0.05 1.46

ALA 121 0.26 0.80 0.05 3.73

DHA 121 0.26 0.80 0.05 1.52

EPA 121 0.26 0.80 0.05 4.31

Minimum detectable hazard ratio for the risk of biochemical recurrence with an interaction between
plasma markers of inflammation and omega-3 fatty acids.

Minimum
Expected p-value (two Detectable Hazard

Primary Exposure Variable Sample Size  Event Rate Power sided) Ratio
CRP x ALA 121 0.26 0.80 0.05 2.14

CRP x DHA 121 0.26 0.80 0.05 1.27

CRP x EPA 121 0.26 0.80 0.05 2.33

IL-6 x ALA 121 0.26 0.80 0.05 3.04

IL-6 x DHA 121 0.26 0.80 0.05 1.42

IL-6 x EPA 121 0.26 0.80 0.05 3.44

Number of subjects needed to detect a significant interaction between plasma markers of inflammation
and omega-3 fatty acids based the non-centrality parameter calculated from this study.

Likelihood Number of
Sample Ratio Test Non-Centrality Chi-Square p-value Subjects
Interaction Size Statistic* Parameter  Statistic (2df) Power (two sided) Needed
IL-6 x ALA 240 1.04 9.63 5.99 0.80 0.05 2,222
IL-6 x DHA 240 2.72 9.63 5.99 0.80 0.05 850
IL-6 x EPA 240 6.68 9.63 5.99 0.80 0.05 346
CRP xALA 240 1.05 9.63 5.99 0.80 0.05 2,201
CRP x DHA 240 3.22 9.63 5.99 0.80 0.05 718
CRP xEPA 240 0.13 9.63 5.99 0.80 0.05 17,778

* Test of significance of interaction from this study
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Goodness-of-fit Assessment

Hosmer-Lemeshow goodness-of-fit test for final regression models.

Primary Exposure Variable Primary Exposure Variable

Continuous Categorical
Hosmer-Lemeshow Hosmer-Lemeshow
Final Model Chi-Squared p-value Chi-Squared p-value
Biopsy Negative Controls & Cancer Cases
IL-6 + Age + NSAID use 5.27 0.73 5.14 0.74
CRP + Age 0.88 0.83 0.92 0.82
ALA + Age 3.91 0.69 4.22 0.65
DHA + Age 4.77 0.57 4.80 0.57
EPA + Age 4.82 0.44 2.82 0.73
Biopsy Negative Controls & LG3+4 Cancer Cases
IL-6 + Age 6.76 0.34 1.71 0.89
CRP + Age + ACCI 8.20 0.32 12.20 0.06
ALA + Age 2.57 0.77 2.50 0.87
DHA + Age 3.76 0.81 2.90 0.72
EPA + Age 9.24 0.24 3.47 0.63
Biopsy Negative Controls & HG4+3 Cancer Cases
IL-6 + Age + Smoking status 5.34 0.72 1.40 0.99
CRP + Age + ACCI + Smoking status 3.55 0.89 7.35 0.50
ALA + Age + PSA 5.76 0.67 7.54 0.48
DHA + Age + Smoking status 8.09 0.42 8.32 0.40
EPA + Age 0.99 0.91 0.99 0.91
Biopsy Negative Controls & LG6 Cancer Cases
IL-6 + Age 9.13 0.24 3.48 0.75
CRP + Age + ACCi 5.93 0.55 4.10 0.66
ALA + Age 5.88 0.55 4.82 0.68
DHA + Age 1.33 0.97 1.72 0.94
EPA + Age 5.14 0.40 6.82 0.45
Biopsy Negative Controls & HG7+ Cancer Cases
IL-6 + Age 3.54 0.62 111 0.89
CRP + Age + ACCI + Prostate volume 4.11 0.85 3.50 0.90
ALA + Age + PSA 2.67 0.95 4.29 0.83
DHA + Age + Prostate volume 3.59 0.89 4.38 0.82
EPA + Age 3.94 0.56 1.49 0.91
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Figure 20. Cox-Snell generalized residual plot for
the risk of developing cancer by IL-6 levels.
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Figure 21. Cox-Snell generalized residual plot for
the risk of developing cancer by CRP levels.
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Figure 22. Cox-Snell generalized residual plot for
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Figure 23. Cox-Snell generalized residual plot for

the risk of developing cancer by ALA levels. the risk of developing cancer by DHA levels.
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Figure 24. Cox-Snell generalized residual plot for Figure 25. Cox-Snell generalized residual plot for

the risk of developing cancer by EPA levels. the risk of developing cancer by inflammation in
the prostate.
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