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Abstract Go to:

Background: Processed meat and fish have been shown to be associated with the risk of advanced
prostate cancer, but few studies have examined diet after prostate cancer diagnosis and risk of its
progression.

Objective: We examined the association between postdiagnostic consumption of processed and
unprocessed red meat, fish, poultry, and eggs and the risk of prostate cancer recurrence or progression.

Design: We conducted a prospective study in 1294 men with prostate cancer, without recurrence or
progression as of 2004—2005, who were participating in the Cancer of the Prostate Strategic Urologic
Research Endeavor and who were followed for an average of 2 y.

Results: We observed 127 events (prostate cancer death or metastases, elevated prostate-specific
antigen concentration, or secondary treatment) during 2610 person-years. Intakes of processed and
unprocessed red meat, fish, total poultry, and skinless poultry were not associated with prostate cancer
recurrence or progression. Greater consumption of eggs and poultry with skin was associated with 2-
fold increases in risk in a comparison of extreme quantiles: eggs [hazard ratio (HR): 2.02; 95% CI:
1.10, 3.72; P for trend = 0.05] and poultry with skin (HR: 2.26; 95% CI: 1.36, 3.76; P for trend =
0.003). An interaction was observed between prognostic risk at diagnosis and poultry. Men with high
prognostic risk and a high poultry intake had a 4-fold increased risk of recurrence or progression
compared with men with low/intermediate prognostic risk and a low poultry intake (P for interaction =
0.003).

Conclusions: Our results suggest that the postdiagnostic consumption of processed or unprocessed red
meat, fish, or skinless poultry is not associated with prostate cancer recurrence or progression, whereas
consumption of eggs and poultry with skin may increase the risk.

INTRODUCTION Go to:

Approximately 2.1 million men currently live with prostate cancer in the United States, and an
estimated 186,000 new cases were diagnosed in 2008. Over 90% of new cases are diagnosed in the
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localized or regional stages and have a 5-y survival approaching 100%. In contrast, the 5-y survival of
prostate cancer patients with distant metastases is only 32% (1). Thus, identification of modifiable
factors that affect the progression of prostate cancer is important for prostate cancer patients and public

health.

Prostate cancer is a heterogeneous disease, and factors that affect its occurrence may differ from factors
that affect its progression. For example, processed or cured meats are more strongly associated with
increased risk of advanced or metastatic prostate cancer than of total prostate cancer (2—8). Similarly,
fish intake may not be associated with risk of total prostate cancer, but is inversely associated with risk
of metastatic prostate cancer and prostate cancer mortality (9, 10). Fewer prospective studies have
assessed poultry or egg consumption and prostate cancer risk, and the results have been largely
inconclusive, and no studies have examined postdiagnostic intake of these items in relation to prostate
cancer progression (11-13).

In addition, saturated fat intake may be positively associated with prostate cancer mortality or
biochemical recurrence after radical prostatectomy, and we previously reported a decreased risk of
prostate cancer progression associated with high postdiagnostic fish and tomato sauce intake in the
Health Professionals Follow-Up Study (14—17). These findings support the hypothesis that dietary
factors may affect the progression of prostate cancer.

The aim of this study was to prospectively analyze the associations between postdiagnostic processed
and unprocessed red meat, fish, poultry, and egg consumption and the risk of prostate cancer recurrence
or progression in the Diet and Lifestyle substudy of the Cancer of the Prostate Strategic Urologic
Research Endeavor [CapSURE (CapSURE is a trademarked name)]. We hypothesized that
consumption of unprocessed and processed red meat may increase the risk of prostate cancer
recurrence or progression because of the high saturated fat content of such meats (18) and that
consumption of fish may decrease the risk of recurrence or progression through beneficial effects on
inflammatory pathways (19). For comparison, we examined poultry and eggs—animal products with
lower levels of saturated fat and long chain n—3 fatty acids—and hypothesized that consumption of
these foods would not be associated with prostate cancer recurrence or progression.

SUBJECTS AND METHODS Go to:

Study population

Men in this study were participants in the Diet and Lifestyle substudy of CaPSURE. Details of
CaPSURE were published previously (20, 21). Starting in 1995, men with biopsy-proven prostate
cancer were invited to participate at 31 sites throughout the United States and asked to complete a
questionnaire on sociodemographic characteristics, comorbidities, health-related quality of life, and use
of health services. Follow-up questionnaires were mailed every 6 mo. Clinical data were collected by a
certified urologist at baseline and at each subsequent clinic visit, including history of prostate cancer
diagnosis, biopsies, pathological results, and treatments. During 2004 and 2005, active members at 25
CaPSURE sites were invited to participate in the Diet and Lifestyle substudy. Invitations were mailed
to 5570 participants, and 2467 participants accepted. The baseline survey included questions on
sociodemographic factors, medical history, physical activity, and a semiquantitative food-frequency
questionnaire (FFQ). The distribution of sociodemographic and prognostic factors did not differ across
the 25 CaPSURE sites. Completed surveys were received from 87% of the men who accepted the
invitation. This study was approved by the Committee on Human Research, the Institutional Review
Board of the University of California, San Francisco.

Dietary assessment

The FFQ included 127 food and beverage items plus supplements. A portion size was specified for
each item, and participants were asked how often they had consumed that amount of the item on
average over the past year (<1 time/mo, 1-3 times/mo, 1 time/wk, 2—4 times/wk, 5—6 times/wk, 1
time/d, 2—3 times/d, 4-5 times/d, or >6 times/d). Intake of each food item was calculated by



multiplying the frequency of consumption by the portion size specified. Participants were asked
whether they consumed less, the same amount, or more of each food item relative to before their
diagnosis of prostate cancer. Additional questions addressed the type of fat used when cooking, the
frequency of fried food consumption, and an open-ended section for any foods eaten frequently that
were not included in the multiple-choice section.

We defined 5 food groups for this analysis: processed red meat, unprocessed red meat, fish, poultry,
and eggs. Processed red meat included hot dogs, bacon, and processed meats (bologna, salami, sausage,
etc). Unprocessed red meat included hamburgers, liver, beef, pork, or lamb as a sandwich or mixed dish
(stew, casserole, lasagna, etc), and beef, pork, or lamb as a main dish (steak, roast, ham, etc). Fish
included canned tuna fish, dark-meat fish (salmon, mackerel, bluefish, swordfish, sardines, etc), other
fish, and shrimp, lobster, or scallops as a main dish. Poultry included skinless chicken or turkey and
chicken or turkey with skin. We included eggs as a separate category because their nutrient
composition differs from that of other poultry products.

Outcome assessment and follow-up

Data on prostate cancer progression were collected from medical records by study investigators and
included pathologic results, staging, and primary and subsequent treatments. After receiving the
participants' permission, self-reported hospitalizations were verified through hospital records.
Procedures performed, length of stay, discharge diagnosis, and discharge status were recorded. The
National Death Index and Bureau of Vital Statistics were checked through 10 July 2008 for mortality
data, and records were reviewed by a study physician to verify the date, primary cause, and location of
death.

We used the following clinical variables from physicians' reports: diagnostic biopsy Gleason sum (2—
10), prostate-specific antigen (PSA) at diagnosis (0-10.0, 10.1-20.0, or > 20.0 ng/mL), clinical T stage
at diagnosis (T1, Tla-c; T2, T2a-c; T3, T3a-c, T4, T4a-b), and primary and subsequent treatments.
Treatments were categorized as follows: radical prostatectomy (RP), radiation therapy (RT), hormone
therapy (ADT), and other. Other treatments included cryosurgery, trans-urethral microwave
thermotherapy, second line medications, and watchful waiting. Watchful waiting was included in “other
treatment” because it was uncommon in this study population (n = 47, 3.6%). We categorized each
participant by prognostic risk based on the D'Amico risk categories as follows (22): high (PSA > 20
ng/mL or Gleason sum = 8—10 or T stage T3a+), intermediate [PSA = 10.1-20 ng/mL or Gleason sum
=7 or secondary 4-5 pattern or T stage T2b/T2c (2002) or T2b (1997)], or low (PSA < 10 ng/mL and
Gleason sum = 2—6 and T stage = T1/T2a).

We defined an event of prostate cancer recurrence or progression (hereafter referred to as “progression”
for brevity) as the first of the following events: prostate cancer death, bone metastases from prostate
cancer, biochemical recurrence, or initiation of secondary treatment. An outcome of bone metastases
was defined as physician report of /) distant prostate cancer progression to bone, 2) a positive bone
scan, 3) radiation for metastasis at a bone site, or 4) M1b stage in TNM staging. Biochemical
recurrence was defined as 2 consecutive PSA concentrations >0.2 ng/mL >8 wk after radical
prostatectomy or 3 consecutive increases in PSA above the postradiation nadir after radiation therapy.
Secondary treatment was defined as treatment initiated >6 mo after primary treatment ended.
Secondary treatment was included in our outcome definition because, among men who have undergone
primary treatment, initiation of secondary treatment is indicative of biochemical or clinical evidence of
disease recurrence (23, 24). The date of prostate cancer progression was assigned as the first of the
following: prostate cancer death, diagnosis of bone metastases from prostate cancer, date of second
PSA increase for radical prostatectomy patients, midpoint between date of postradiation nadir and first
PSA increase for radiation patients, or date of initiation of secondary treatment.

Analysis population and exclusion criteria

To be included in this analysis, men had to have completed the baseline Diet and Lifestyle CaPSURE
survey between April 2004 and November 2005 (n = 2134). We excluded men with advanced or



metastatic disease at diagnosis (#7 = 139) and men with no treatment information (n = 36). We also
excluded men with no follow-up beyond their Diet and Lifestyle survey (n = 251) and men whose
prostate cancer progressed before they completed the survey (n = 365). Last, we excluded men who
reported an unreasonable energy intake (<800 or >4200 kcal/d) (n = 49), which resulted in 1294 men
for analysis.

Statistical methods

We analyzed the associations between the 4 meat groups and eggs and time to prostate cancer
progression using Cox proportional hazard regression models. We used hazards ratios (HRs) and 95%
ClIs to estimate the relative risk of progression. Person-time was calculated for each participant from
the date they completed the Diet and Lifestyle questionnaire until the date of disease progression,
nonprostate cancer death, last contact, or end of follow-up (10 July 2008), whichever occurred first.
Dietary intakes were divided into quantiles based on the distribution of intakes in the study population.
Relative risks were calculated by comparing the risk of progression for men in the upper quantiles
relative to men in the lowest quantile.

Our basic model included indicator variables for the quartiles of the food group or item of interest, age
at diagnosis (<60, 60-69.9, 70-79.9, or >80 y), energy intake (kcal/d), and time from diagnosis to
questionnaire. Our second model additionally adjusted for predictors of progression in this study
population, including primary treatment (RP, RT, ADT, or other), body mass index (BMI; in kg/mz;
<18.5, 18.5-24.9, 25-29.9, or >30), nonvigorous activity (metabolic equivalent hours/wk), Gleason
sum at diagnosis (2—10), and PSA at diagnosis (0-10.0, 10.1-20.0, or >20.0 ng/mL). We examined
models adjusting for other food groups (meats other than the main exposure, fruit, grains, sweets,
vegetables, and dairy products), clinical T stage at diagnosis, smoking, race, education, income, marital
status, vigorous activity, and frequency of fried food intake in addition to the abovementioned
variables, and our results did not change materially. In addition, we considered confounding by tomato
products and cruciferous vegetables, because these items have been shown to be inversely associated
with prostate cancer incidence or progression in prior studies; however, the results were unaffected (14,
15,17, 25, 26). We added energy-adjusted saturated fat to our final models using the nutrient residual
method to examine whether saturated fat from the food group of interest explained any of the
association between the food group and prostate cancer progression (27). Last, we used the median
value of each quantile as an ordinal score variable to test for evidence of linear trends in our final
models (28).

We examined whether the associations for any meat group or eggs and risk of progression were
modified by BMI, prognostic risk at diagnosis, or time from diagnosis to questionnaire. BMI was
considered as a potential effect modifier based on Strom et al (15), who observed shorter progression-
free survival after prostatectomy among obese men who consumed a high-saturated-fat diet before
diagnosis compared with lean men who consumed a high-saturated-fat diet before diagnosis. We
considered effect modification by prognostic risk because prostate cancer has a heterogeneous natural
history, and we hypothesized that dietary factors may have a different association with progression of
aggressive compared with nonaggressive prostate cancer. We generated cross-product terms between
each item and potential effect modifier, entered the cross-product terms in our multivariate models, and
tested the significance of the cross-product terms' regression coefficients using Wald tests (29). If there
was evidence of a significant interaction, we created indicator variables for each unique combination of
effect modifier and quartile of meat or egg intake and included them in a multivariate model to
compare the risk of progression in each group with a common reference.

To assess whether our results were affected by reverse causation (ie, higher-risk patients ate more or
less of a food item after their diagnosis than did lower-risk patients out of concern for their disease
prognosis), we compared self-reported change in consumption of individual meat and egg items after
prostate cancer diagnosis across prognostic risk categories using Pearson chi-square and Fisher's exact
tests.



We were concerned that health-conscious men would choose healthier diets and would also be more
likely to have routine PSA monitoring and/or seek secondary treatment. It was possible that the
inclusion of biochemical recurrence and second treatment in our outcome definition would introduce
positive confounding between healthy dietary factors and risk of progression and negative confounding
between unhealthy dietary factors and risk of progression. To address this possibility, we performed
secondary analyses excluding events defined by initiation of secondary treatment, of which we had no
biological evidence of recurrence preceding the secondary treatment (n = 38); our results did not
change materially. We defined biological evidence of recurrence as any PSA concentration >0.2 ng/mL
after radical prostatectomy or any PSA concentration >0.3 ng/mL above the posttreatment nadir after
radiation or other forms of treatment.

We were also concerned that watchful waiters could be misclassified as events of progression if they
initiated treatment during follow-up because of anxiety rather than because of an objective change in
their disease state. However, our effect estimates were materially unchanged after excluding watchful
waiters (n = 47). Therefore, the results reported include all 127 events for the 1294 men. Statistical
tests were 2-sided and were performed at the 0.05 level of significance. We used SAS (version 9.1;
SAS Institute, Cary, NC) for all analyses.

RESULTS Go to:

We identified 127 events of prostate cancer progression among 1294 men with a diagnosis of localized
or regional prostate cancer during 2610 person-years of follow-up. Comparison of the men included in
our analysis (7 = 1294) with the men who were initially invited (n = 5570) showed that the participants
were more likely to be white (95.6% compared with 90.6%), more likely to have a better prognosis
(Gleason sum 2—6: 68.9% compared with 63.5%; PSA 0-10 ng/mL: 83.2% compared with 74.4%), and
more likely to have a radical prostatectomy as their primary treatment (63% compared with 53%). The
median year of diagnosis was 2002, and half of the participants were diagnosed between 2000 and
2003. Initiation of secondary treatment accounted for 57% (n = 72) of events, biochemical recurrence
accounted for 39% (n = 49) of events, and metastases to bone and death from prostate cancer each
accounted for 2% (n = 3) of events.

A comparison of the participants' characteristics, by the highest to the lowest quartiles of the meat
groups and eggs, are presented in Table 1. Processed red meat and egg consumption were positively
associated with less healthy lifestyle behaviors and worse clinical characteristics, including higher
mean BMI, smoking, and Gleason sum 8—10 at diagnosis. Men in the highest quartile of unprocessed
red meat also had a higher mean BMI than did men in the lowest quartile of unprocessed red meat.
Men in the highest quartiles of fish and poultry were younger at diagnosis than were men in the lowest
quartiles of those items. In addition, men in the highest quartile of poultry were more likely to have
radical prostatectomy as their primary treatment, and men in the highest quartile of fish were more
likely to have other forms of treatment compared with men in the lowest quartiles of those items.

TABLE 1

Characteristics of 1294 men with prostate cancer in the Diet and
Lifestyle substudy of CaPSURE (Cancer of the Prostate Strategic
Urologic Research Endeavor) comparing extreme quartiles (Q) of
intakes of processed and unprocessed red meat, fish, poultry, ...

A comparison of select dietary habits of the participants, by highest to lowest quartiles of the meat
groups and eggs, are presented in Table 2. After energy intake was adjusted for, men in the highest
quartile of processed red meat, unprocessed red meat, or eggs consumed more of all of these items than
did men in the lowest quartiles. Men in the highest quartile of processed red meat also consumed more
poultry and less tomato products than did men in the lowest quartile of processed red meat. In contrast,
men in the highest quartiles of fish or poultry had healthier dietary habits, including more fish, poultry,
and cruciferous vegetables, than did men in the lowest quartiles of fish or poultry. Men in the highest
quartile of fish also consumed more tomato products and less unprocessed red meat than did men in the
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lowest quartile of fish. Last, men in the highest quartiles of unprocessed red meat, fish, or poultry
consumed less dairy products than did men in the lowest quartiles of those items.

TABLE 2

Select dietary habits of 1294 men with prostate cancer in the Diet
and Lifestyle substudy of CaPSURE (Cancer of the Prostate
Strategic Urologic Research Endeavor) comparing extreme
quartiles (Q) of intakes of processed and unprocessed red meat,
fish, ...

The relative risks of prostate cancer progression by quartiles of the meat groups and eggs are presented
in Table 3. We observed no evidence of an association between processed red meat, unprocessed red
meat, or fish with prostate cancer progression. The HRs (95% Cls) for the comparison of the highest
with the lowest quartiles were as follows: 1.30 (0.78, 2.17) for processed red meat, 0.95 (0.55, 1.66) for
unprocessed red meat, and 1.13 (0.70, 1.84) for fish after adjustment for sociodemographic and clinical
risk factors. We observed an increased risk of prostate cancer progression associated with higher
poultry intake that was not statistically significant [HR for quartile 4 (Q4) compared with quartile 1
(Q1): 1.55; 95% CI: 0.91, 2.66]. In addition, we observed a significant 2-fold increased risk of prostate
cancer progression among men in the highest quartile of egg intake compared with men in the lowest
quartile (HR: 2.02; 95% CI: 1.10, 3.72), which appeared to be limited to the highest level of intake.

TABLE 3

Postdiagnostic meat and egg consumption and relative risk of
prostate cancer progression among 1294 men with prostate cancer
in the Diet and Lifestyle substudy of CaPSURE (Cancer of the
Prostate Strategic Urologic Research Endeavor): 2004-2008 ...

To further explore the borderline significant association for poultry, we analyzed poultry with and
without skin separately (Table 4). Consumption of skinless poultry was not associated with risk of
prostate cancer progression. In contrast, men in the highest tertile of poultry with skin had more than a
doubling in risk of prostate cancer progression compared with men in the lowest tertile after adjustment
for sociodemographic factors, clinical characteristics, and skinless poultry. Furthermore, there was
evidence of a strong linear trend (HR: 2.26; 95% CI: 1.36, 3.76, P for trend = 0.003).

TABLE 4

Postdiagnostic consumption of poultry with skin and skinless
poultry and risk of prostate cancer progression among 1294 men
with prostate cancer in the Diet and Lifestyle substudy of
CaPSURE (Cancer of the Prostate Strategic Urologic Research
Endeavor): ...

Adjustment for saturated fat did not materially change the effect estimates for poultry with skin,
skinless poultry, fish, or eggs. The point estimates for the comparison of extreme quartiles for
processed and unprocessed red meat decreased after adjustment for saturated fat, but remained
statistically nonsignificant; the HR for processed red meat was 1.17 (95% CI: 0.68, 2.01) and for
unprocessed red meat was 0.79 (95% CI: 0.41, 1.98).

We observed an interaction between prognostic risk, total poultry, and risk of prostate cancer
progression. Greater poultry intake was associated with increased risk of progression among men with
high prognostic risk, but there was no association among men with low/intermediate prognostic risk (P
for interaction = 0.003) (Figure 1). Men with high prognostic risk disease and in the highest quartile of
poultry had a 4-fold increased risk of progression compared with men with low/intermediate prognostic
risk disease and low poultry intake (HR: 4.01; 95% CI: 1.82, 8.85). There was no evidence of a
significant interaction between prognostic risk and consumption of any other meat group or eggs. In
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addition, no interactions were observed between BMI or time from diagnosis to questionnaire and any
of the meat groups or eggs.

FIGURE 1

Relative risk of prostate cancer progression by prognostic risk and
postdiagnostic consumption of poultry among 1294 men with
prostate cancer in the Diet and Lifestyle substudy of CaPSURE
(Cancer of the Prostate Strategic Urologic Research Endeavor,
2004-2008). ...

We observed no significant associations between prognostic risk and self-reported change in diet after
diagnosis for any processed or unprocessed red meat item, fish item, eggs, or poultry with skin. Men
with high prognostic risk were somewhat less likely to report change in consumption of skinless
poultry after diagnosis compared with men with a low or intermediate prognostic risk. Approximately
8% of high-risk men reported eating more skinless poultry and none reported eating less compared with
before their diagnosis of prostate cancer, whereas 10% of low-risk men reported eating more skinless
poultry and 2% of low-risk men reported eating less compared with before their diagnosis (P value =
0.03).

In secondary analyses excluding the 38 men who initiated secondary treatment of which we did not
have biological evidence of recurrence (defined as at least one posttreatment PSA > 0.2 ng/mL after
radical prostatectomy or at least one PSA > 0.3 ng/mL above posttreatment nadir after radiation or
other treatment), the results for egg consumption remained positive but became nonsignificant (HR for
Q4 compared with Q1: 1.47; 95% CI: 0.72, 2.98), whereas the positive associations observed for total
poultry (HR for Q4 compared with Q1: 1.80; 95% CI: 0.95, 3.41) and poultry with skin [HR for tertile
(T) 3 compared with T1: 2.72; 95% CI: 1.51, 4.89) were strengthened.

DISCUSSION Go to:

We observed no association between postdiagnostic consumption of processed or unprocessed red
meat, fish, or skinless poultry and risk of prostate cancer progression among 1294 men with a diagnosis
of localized prostate cancer and followed for an average of 2 y. However, postdiagnostic consumption
of poultry with skin and whole eggs were associated with 2-fold increases in risk of prostate cancer
progression.

We acknowledge that our study had several limitations, including a short follow-up, a small number of
prostate cancer deaths or metastases, and a lack of prediagnostic dietary data. The Diet and Lifestyle
substudy of CaPSURE has yet to accrue many events of prostate cancer metastases or death. Thus, we
included biochemical recurrence and initiation of secondary treatment in our outcome definition to
improve statistical power, but also because biochemical recurrence within 2 y of primary treatment is
highly predictive of prostate cancer metastases and death, and secondary treatment is administered to
patients with biochemical or clinical evidence of recurrence (23, 24, 30-32). This outcome is
appropriate in our study population because watchful waiting was rare (n = 47); only 6 (4.7%) of our
events occurred in watchful waiters, and the exclusion of all watchful waiters did not materially change
our results. In addition, our results did not change after we excluded men who initiated the secondary
treatment of which we had no biological evidence of recurrence, which suggested that anxiety after
prostate cancer diagnosis did not confound our observed associations.

Men were recruited into our study after diagnosis of prostate cancer, so we were unable to collect
prediagnostic dietary information. As a result, we could not examine the association between these
items and risk of prostate cancer. Most of the previous studies that examined poultry or eggs and risk of
prostate cancer reported no association (13). However, risk factors for incidence of total prostate cancer
may differ from risk factors for advanced or fatal disease and thus it is plausible that poultry with skin
and eggs may increase the risk of advanced prostate cancer or prostate cancer progression, but are not
associated with risk of total prostate cancer (33). It is difficult to distinguish factors that affect initiation
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of aggressive prostate cancer from factors that affect progression of the disease in epidemiologic
studies. However, because the 5-y survival of men with advanced prostate cancer is only 35%, it is
important to identify modifiable factors that may prevent either the occurrence of advanced prostate
cancer or its progression.

We are aware of only one prior study of postdiagnostic consumption of whole foods and risk of
prostate cancer progression. Our collaborative group examined the postdiagnostic intake of grains,
vegetables, fruit, red meat, milk, fish, tomato sauce, and fresh tomato products and prostate cancer
progression among 1202 men with localized or regional prostate cancer in the Health Professionals
Follow-Up Study. In that study, red meat was not associated with the risk of prostate cancer
progression, and fish was inversely associated with risk of progression (17).

Our results for processed and unprocessed red meat are consistent with the prior study. However, we
did not observe an association between fish intake and risk of prostate cancer progression. Two cohort
studies have reported an inverse association between fish intake and advanced or metastatic prostate
cancer and another reported an inverse association between fish intake and prostate cancer mortality (9,
10, 12). The inconsistent results may reflect unmeasured genetic differences in the populations or
variation in the type and amount of fish consumed. For example, Hedelin et al (34) reported an
interaction between salmon-type fish and a variant in the COX-2 gene (rs5275: +6365 7/C) where,
among men with the variant allele, consuming salmon-type fish more than once per week was
associated with a 72% decreased risk of prostate cancer compared with men who never consumed
salmon-type fish, but no association was observed among men with the wild-type genotype.

Our analyses of poultry and eggs were exploratory, because no studies have examined the
postdiagnostic intake of these items and risk of prostate cancer progression (11, 13). However, in 2007,
an international panel (35) concluded there was a possible positive association between total poultry
and prostate cancer risk, and Michaud et al (6) reported a positive association between poultry with
skin and metastatic prostate cancer but an inverse association between skinless poultry and metastatic
prostate cancer. Our results agree with these findings and, although we cannot rule out chance or
confounding, our results did not change after we controlled for known sociodemographic, dietary, or
clinical risk factors for prostate cancer incidence or mortality, and we observed a significant linear
trend for poultry with skin.

On the basis of previous literature, we hypothesized that meat items high in saturated fat may increase
the risk of prostate cancer progression. However, saturated fat from poultry with skin did not explain
our observed association between poultry with skin and prostate cancer progression. An alternative
mechanism that may explain our observation for poultry with skin is a high intake of heterocyclic
amines.

Heterocyclic amines are mutagens present at much higher concentrations in well-done poultry than in
other meats (36, 37). We had no information on meat-preparation methods, but poultry with skin may
be more likely to be broiled or grilled than skinless poultry, which results in higher concentrations of
heterocyclic amines (37). Heterocyclic amines induce prostate, colon, and mammary adenocarcinomas
in rats and have been shown to covalently bind and damage DNA in cultured human prostate tissue and
primary prostate cells (38—42). In epidemiologic studies, consumption of cooked meats, particularly
grilled meat, and heterocyclic amines have been associated with an increased risk of prostate and other
cancers, although a few studies reported no association (8, 43—49).

A plausible mechanism that may explain our observed association between eggs and prostate cancer
progression is high dietary choline. Egg consumption is a determinant of plasma choline, and higher
plasma choline was recently reported to be associated with a greater risk of prostate cancer (50, 51).
Malignant prostate cells have higher choline concentrations than do healthy cells, and choline kinase is
overexpressed in prostate cancer (52—54). In addition, because of the increased uptake of choline by
progressing prostate tumors, radiolabeled choline is used to identify early prostate cancer recurrence
(55). No studies have examined dietary choline and prostate cancer risk or progression; however,
higher dietary choline has been associated with an increased risk of colorectal adenoma in women (56).
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The strengths of our study included our prospective design and our comprehensive clinical, dietary, and
sociodemographic data. All of our clinical information was collected by certified urologists and
included important risk factors for prostate cancer progression, including Gleason sum at diagnosis,
PSA at diagnosis, and treatment. We were also able to control for many known and potential risk
factors for prostate cancer progression, such as age, race, BMI, smoking, education, and physical
activity.

Overall, our results support the hypothesis that diet may influence the progression of prostate cancer
among men with localized disease. In particular, consumption of poultry with skin and eggs may be
associated with an increased risk of prostate cancer progression.
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