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Abstract

Objective We examined post-diagnostic diet and risk of
cancer progression in a cohort of men with prostate cancer
from the Health Professionals Follow-up Study.

Methods We observed 392 progression outcomes among
1,202 men diagnosed with incident localized/regional
prostate cancer between 1986 and 1996. Men completed
prospective dietary surveys before and after diagnosis and
were followed through 2000. We examined post-diagnostic
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consumption of red meat, grains, vegetables, fruits, milk,
tomatoes, tomato sauce, and fish as predictors of progres-
sion using Cox proportional hazard regression models
adjusted for total energy, age, clinical factors, and pre-
diagnostic diet.

Results  Men in the highest versus lowest quartile of post-
diagnostic fish consumption had a multivariate hazard ratio
(HR) of progression of 0.73 (95% CI 0.52-1.02); the
comparable HR for tomato sauce was 0.56 (95% CI
0.38-0.82). We observed inverse linear relationships for
fish and tomato sauce and risk of progression (HR = 0.83,
p-value = 0.006 and HR = 0.80, p-value = 0.04 for a two
serving/week increase of fish and tomato sauce, respec-
tively). Milk and fresh tomato consumption were associ-
ated with small elevations in risk.

Conclusions These data suggest that diet after diagnosis
may influence the clinical course of prostate cancer, and
fish and tomato sauce may offer some protection against
disease progression.

Key words Diet - Epidemiology - Progression -
Prostate cancer - Survivors

Introduction

In the United States approximately 1.5 million men live
with a diagnosis of prostate cancer, and 25-40% of these
men will experience a recurrence of their prostate cancer
within 5 years [1-3]. Furthermore, a recent study suggests
that men with early-stage apparently indolent disease at
diagnosis may experience metastasis and death due to
prostate cancer in the long term [4]. Many men alter their
diet or lifestyle after a diagnosis of prostate cancer to delay
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recurrence [S5], but only limited data on the health effects of
diet after prostate cancer diagnosis are available.

Several aspects of diet have been identified as possible
risk factors or protective factors for incident prostate cancer.
Vegetables, fruits, fish, and specific component nutrients of
these foods have generally been associated with a lower risk
of incident prostate cancer [6, 7]. Likewise, total and
specific fats, meat, dairy products, and calcium have been
positively associated with risk of developing prostate cancer
[8—10]. Some of these nutritional factors were more strongly
associated with metastatic or fatal prostate cancer risk,
suggesting potential late-acting effects. Whether any of
these dietary factors can affect the course of disease pro-
gression after diagnosis/treatment is unknown.

To address these issues in the Health Professionals
Follow-up Study, we undertook an investigation of post-
diagnostic diet and the risk of prostate cancer progression.
This study prospectively assesses lifestyle and diet before
and after diagnosis of prostate cancer and can directly
address the question of whether these factors after diag-
nosis affect the risk of progression. In this report, we focus
on major food groups and their associations with the risk of
prostate cancer progression among men with incident
prostate cancer.

Materials and methods
Study population

Details on the Health Professionals Follow-Up Study can
be found elsewhere [11]. In brief, the study was initiated in
1986 to examine the associations between diet and lifestyle
and the risk of cardiovascular disease and cancer among
men. 51,529 male health professionals age 40-75 in 1986
were enrolled and asked to complete a semi-quantitative
food frequency questionnaire (FFQ) every 4 years and a
lifestyle survey every 2 years. Biennial follow-up rates in
this cohort are approximately 94%, and we ascertain at
least 98% of deaths in this cohort. Death and cause of death
are identified through the postal system or next-of-kin in
response to our follow-up questionnaires and the National
Death Index for non-respondents. Study physicians assign
cause of death following central review of medical records.
This study and methods were approved by the Institutional
Review Board of the Harvard School of Public Health.

Dietary assessment
Participants were asked to complete a semiquantitative
FFQ in 1986, 1990, 1994, and 1998. The FFQ assessed

consumption of approximately 130 food items plus vitamin
and mineral supplement use, which collectively account for
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over 90% of a wide range of macro- and micro-nutrients
[12]. For each food, a commonly used unit or portion size
(e.g. a slice of bread) was specified, and participants were
asked how often on average they consume that amount of
each food. Intake of specific foods and nutrients were
computed and analyzed as both continuous and categorical
variables. The questionnaire also inquired about the types
of fat used for frying, baking, and at the table, and there
was an open-ended section for foods that were not pre-
specified. In a validation study of this FFQ, 127 randomly
selected male health professionals from this cohort pro-
vided two FFQs one year apart; during this interval they
also completed two one-week diet records 6 months apart.
Pearson correlation coefficients between the questionnaire
and the average of the two one-week diet records for en-
ergy-adjusted nutrients were 0.61 for total fat, 0.71 for
saturated fat, 0.67 for cholesterol, 0.64 for dietary fiber, and
0.53 for calcium [13]. The reproducibility and validity of
assessment of individual food items were also considered
[14]. The mean Pearson correlation coefficient reflecting
reproducibility between food intakes from the two ques-
tionnaires was 0.59, and the mean Pearson correlation
coefficient between questionnaire 2 and the average intake
from the two diet records was 0.63, reflecting the validity
of the questionnaire to assess food intake.

In the current investigation, we examined the following
food groups: red meat, milk, fruits, vegetables, tomato
sauce, fresh tomato products, grains, and fish. We separated
tomato sauce and fresh tomato products because previous
studies indicated that tomato sauce was more strongly re-
lated to lower risk [15, 16] and to higher circulating
lycopene levels [17]. Red meat included beef, pork, or
lamb as a main dish or mixed dish, bacon, hot dogs,
hamburger, salami/bologna, and other processed meats.
Milk included skim milk, 2% milk, and whole milk. Fruits
included raisins, prunes, bananas, cantaloupe, apples/pears,
oranges, apple juice, orange juice (with and without
calcium), grapefruit, grapefruit juice, other fruit juices,
strawberries, blueberries, peaches/apricots/plums, avocado,
watermelon, and applesauce. Vegetables included string
beans, mushrooms, broccoli, sauerkraut, coleslaw, cab-
bage, cauliflower, brussels sprouts, alfalfa sprouts, raw and
cooked carrots, corn, peas/lima beans, mixed vegetables,
beans, eggplant, yams/sweet potatoes, raw spinach, cooked
spinach, kale, iceberg lettuce, romaine lettuce, celery,
yellow squash, orange squash, green pepper, garlic, onions,
beets, and tofu. Grains included breakfast cereal, cooked
oatmeal, other cooked breakfast cereal, white bread, dark
bread, English muffins/bagels/rolls, muffins/biscuits,
brown rice, white rice, pasta, other grains, pancakes/
waffles, tortillas, and crackers. Fresh tomato products
included tomatoes, tomato juice, and salsa; tomato sauce
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included regular sauce and sauce from pizza. Fish included
canned tuna fish, dark meat fish, and other fish.

Clinical data collection and follow-up

Incident cases of prostate cancer were identified in the
cohort through participant self-report on biennial follow-up
questionnaires or death certificates indicating prostate
cancer as cause of death. For each newly reported diag-
nosis, we requested and reviewed the relevant medical and
pathology records to confirm and characterize the case (e.g.
diagnostic PSA, Gleason score, and stage), after obtaining
written permission from the participant or his next of kin.
The response rate among nonfatal cases was 96%, and we
estimated that we ascertained 98% of incident fatal cases.

In addition to our ongoing follow-up of incident prostate
cancer, we conducted post-diagnostic clinical follow-up on
men diagnosed with prostate cancer during a ten-year
period (1986-1996) to record secondary prostate cancer
outcomes. In 2000, these participants were asked to com-
plete surveys regarding their clinical course and current
status with prostate cancer since initial diagnosis. We ob-
tained permission from participants to contact their treating
physicians and collect additional clinical data via surveys
to the physicians or medical record review. We attempted
to contact men and their physicians up to three times. We
contacted 1,295 living participants, and received 1,046
surveys and 1,054 consent forms to contact physicians. We
mailed surveys to the physician(s) of these 1,054 partici-
pants, and received clinical data from the physicians on
866 men.

Using the medical records and follow-up surveys from
participants and their physicians, we assessed Gleason
score at diagnosis, prostate specific antigen (PSA) level at
diagnosis, clinical stage at diagnosis, pathologic stage
subsequent to surgery, and primary treatment(s). To collect
data on our main outcome, we asked physicians and pa-
tients directly on the surveys whether or not the prostate
cancer had recurred or progressed (i.e. ‘‘Since your/the
patient’s initial diagnosis/treatment, has your/the patient’s
prostate cancer recurred or progressed?”’ Yes or No
checkbox response). We also obtained data on the nature of
the progression (i.e. rising PSA, metastasis to lymph nodes,
bone, or other organs). All surveys and medical records
from participants and the physicians were reviewed by
study investigators (JMC and MFL). Information on
important primary clinical variables such as Gleason score,
PSA level, tumor stage, and primary treatment were ab-
stracted according to a specific standardized hierarchy
system. For analysis, data taken from the medical records
or the treating doctor’s questionnaire were considered first,
and only in cases where such information was missing did
we use patient’s self-reported values.

If medical records were provided in addition to or in lieu
of the physician questionnaire and there was any ambiguity
regarding the occurrence of recurrence/progression from
the physician response, we used the following criteria to
define outcome: (1) two or more successive PSA rises of
0.2 ng/ml or more above the post-surgery nadir, or of
0.5 ng/ml or more above the post-radiation/hormonal
therapy nadir, or of 1 ng/ml or more above the post-diag-
nosis nadir if no treatment selected, or (2) documentation
in the medical notes that a PSA rise occurred (criteria based
on clinical standards at the time of review [18, 19]). In
instances where date of recurrence was not given, we also
used any provided medical chart information to assign date
of progression as the earliest of the following events: (1)
initiation of second therapy, (2) date of first PSA rise given
there was a successive trend of rises based on the criteria
above, or (3) date of positive scans for metastasis.

Analysis population and exclusions

The current analysis includes only men who were free of
any cancer diagnosis (except non-melanoma skin cancer) at
baseline in 1986, were subsequently diagnosed with
localized or regional prostate cancer between 1986 and
1996, and who had completed at least one pre- and one
post-diagnostic dietary survey (n = 1,445). We did not
include 128 men with metastatic (stage D) cancer at
diagnosis because we hypothesized that diet after diagnosis
was most likely to affect prostate cancer progression
among men with local/regional disease. We subsequently
excluded 143 men for whom we had unknown stage data,
85 men for whom we had no post-diagnostic clinical fol-
low-up data, and 15 participants on whom we had the re-
port of a recurrence/progression event but no date for the
event. There were 1,202 men included in this analysis (i.e.
1,445-143-85-15 = 1,202); of those 778 had both patient
and physician follow-up surveys, 187 had patient surveys
only, 26 had only doctor surveys/medical records, and 211
men had died without survey information but we knew
their cause of death and initial diagnostic features from
their medical records.

We identified 392 outcomes among these 1,202 men,
and 94% of these were PSA recurrences (n = 312) or cases
of metastases (n = 7) reported in response to the recurrence
questions on the surveys (or in a minority of cases based on
review of medical charts provided by the physician), or
prostate cancer deaths confirmed by adjudication of med-
ical records (n = 50). We also considered there to be evi-
dence of progression if a man pursued watchful waiting
(i.e. no indication of treatment for at least 18 months after
diagnosis) and then initiated treatment (n = 14); or under-
went a second treatment at least six months after an initial
treatment given within the first year after diagnosis (n = 9).
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Date of recurrence/progression was the earliest date for any
of the above events. We hereafter refer to these collective
outcomes as ‘‘progression.’’

Statistical methods

We used Cox proportional hazards models to analyze the
associations between post-diagnostic food consumption
and time to prostate cancer progression. Follow-up time
was from the date of diagnosis until the earliest of the
following events — progression, non-prostate cancer death,
or end of follow-up (August 2000). The hazard ratio (HR)
and its 95% confidence intervals (CI) were used as an
estimate of the relative risk of progression. Dietary data
were available from the 1986, 1990, 1994, and 1998 sur-
veys. Initial dietary exposure at the time of diagnosis was
taken from the survey closest in time and before the date of
diagnosis. Dietary exposure was updated with post-diag-
nostic survey data until the participant was censored (due
to non-prostate cancer death or end of follow-up) or he
experienced progression. Men had to have at least one pre-
and one post-dietary survey to be included in this analysis.
If a participant was missing any additional dietary surveys
or had missing dietary data on his survey, his most recent
previous dietary survey responses were used.

We examined patterns of food consumption before and
after diagnosis, stratified by prognostic risk group. We
categorized change in consumption after versus before
diagnosis as “‘less,”” ‘‘same,’” ‘‘more,’’ using the following
definitions: for grains, vegetables, fruits, and milk, ‘‘less’’
equated to a decrease in consumption of serving/day or
more; ‘‘same’’ meant eating within £ serving/day; and
““more’” equated to an increase in consumption of serving/
day or greater. Similar definitions were applied for red meat,
fish, tomato sauce, and fresh tomatoes; however we used a
cut-off value of 1 serving/week, taking into consideration
that these foods are generally consumed less frequently.

We considered four primary multivariate models. The
first model included only age at diagnosis and post-diag-
nostic total energy consumption as continuous variables,
and indicator variables for quartiles of the post-diagnostic
food group of interest. In a second model, we additionally
adjusted for prognostic risk group and primary treatment.
Risk groups were defined as follows — low risk: PSA <10
and Gleason sum <6 and stage <2; high risk: PSA >20 or
Gleason sum >8 or stage = 3; and intermediate risk: all
others (based on modified D’Amico classification [20]).
The primary treatment groups were radical prostatectomy,
radiation therapy, hormonal therapy, other, and unknown.
In the third model, we adjusted for age, post-diagnostic
total energy, and other post-diagnostic food groups (quar-
tile index variables for each food group). Lastly, we con-
sidered a model adjusted for age, post-diagnostic total
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energy, other post-diagnostic food groups, and pre-diag-
nostic diet (i.e. continuous variables for each food group
and total energy consumption from the 1986 question-
naire). In addition, we investigated the linear relationships
between consumption of each food group and the risk of
progression using continuous variables for each food group
(i.e. servings/day).

Models were additionally adjusted for smoking habits,
exercise level, body mass index, family history of prostate
cancer, and race. There was little evidence of confounding
by these factors, and they were not included in the primary
multivariate analyses.

Results

We identified 392 cases of prostate cancer progression
through August 2000 among 1,202 men diagnosed with
prostate cancer between 1986 and 1996. Socio-demo-
graphic and clinical diagnostic characteristics of this pop-
ulation for analysis are provided in Table 1. The mean age
at diagnosis was 68 years, the population was predomi-
nantly Caucasian, and about 15% of men had a family
history of prostate cancer. Men were evenly distributed
across the clinical prognostic groups, and the most com-
mon therapy received was radical prostatectomy, followed
by radiation therapy. The associations between clinical
parameters and the risk of progression were as expected
(data not shown). For example, men pursuing radiation
therapy had a greater risk of progression compared to men
who underwent radical prostatectomy (multivariate
HR =1.97, 95% CI 1.52-2.54, adjusted for food groups,
age, total energy, and prognostic risk group), likely
reflecting the usage of radiation therapy for both localized
patients as well as those with more advanced disease.
Similarly, men in the intermediate or high prognostic risk
group at diagnosis had a greater relative hazard of pro-
gression compared to those classified as low risk
(HR = 1.26, 95% CI 0.96-1.65 for intermediate risk;
HR = 2.30, 95% CI 1.80-2.95 for high risk).

In Table 2, we present data on mean food group intake
in 1986 (i.e. before diagnosis), and change in food group
consumption after diagnosis, stratified by prognostic risk
group. These data show that the majority of men consumed
less red meat and more grains, fruits, and vegetables after
diagnosis relative to before. The majority of men consumed
about the same amounts of milk, fish, tomato sauce, and
fresh tomato products before and after diagnosis. Dietary
changes appeared to be similar across prognostic risk
groups.

Table 3 displays results on quartiles of post-diagnostic
food group consumption and the risk of prostate cancer
progression. There was little evidence of any association
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Table 1 Socio-demographic and clinical features of 1,202 men with
prostate cancer in the Health Professionals Follow-up Study

Means =+ standard
deviations or percents

Characteristic

Age at diagnosis (years) 68 + 6.3
African-Americans 1%
Family history of prostate cancer 15%
(father or brother)
Body mass index in 1986 (kg/m?) 253 £28
Follow-up time (months) 77 £ 34
Smoking habits in 1986
Never smoker 43%
Past smoker 47%
Current smoker 7%
Missing 3%
Prostate specific antigen 8.9 £+ 14.5
at diagnosis (ng/ml)
Gleason score 2-5 38%
Gleason score 6—7 53%
Gleason score 8—10 9%
Clinical stage at diagnosis
1 = local, PSA detected only 12%
2 = local, palpable 65%
3 = regional 23%
Primary treatment
Radical prostatectomy 46%
Radiation therapy 23%
Hormonal therapy 2%
Other 1%
Unknown 28%
Clinical risk group at diagnosis®
Low risk 36%
Intermediate risk 32%
High risk 32%

* Risk group categorization defined as follows- low: 0 < PSA < 10
and Gleason sum < 6 and stage < 2; high: PSA =20 or Gleason
sum > 8 or stage = 3; intermediate risk: all others

for grains, fruits, and red meat and the risk of prostate
cancer progression. There was some suggestion of a small-
elevated risk associated with the middle quartiles of
vegetable intake, however there was no evidence for a
linear trend or dose response. Men in the highest versus
lowest quartile of milk consumption had a slight elevation
in risk, but the results were not statistically significant. Fish
consumption was modestly inversely associated with the
risk of progression, but these results were also not statis-
tically significant. There was a strong and statistically
significant inverse association for tomato sauce consump-
tion, whereby men in the highest versus lowest quartile of
consumption had an approximate 40% reduced risk of
prostate cancer progression. In contrast, men in the highest
versus lowest quartile of fresh tomato product consumption
had up to a 58% increased risk of progression. There was
little to moderate variation in results across the four pri-
mary multivariate models considered. Overall, the clinical
variables did not appear to alter the estimates and were
not retained in subsequent models. Adjustment for other

post-diagnostic dietary food groups and additional adjust-
ment for pre-diagnostic diet each slightly strengthened any
observed associations (Table 3).

In Table 4, we present the hazard ratios for a one
serving per day increase in post-diagnostic consumption of
each food group as a reflection of linear trends. Effects
were slightly stronger with additional adjustment for pre-
diagnostic diet and other post-diagnostic food groups.
Increasing post-diagnostic consumption of fish or tomato
sauce by one serving per day was associated with an
approximate 50% lower risk of progression, independent of
pre-diagnostic diet and other post-diagnostic foods (p-va-
lue = 0.006 for fish and 0.04 for tomato sauce). In contrast,
small positive linear associations were observed for milk
and fresh tomato products. There was no evidence of
association for red meat, vegetables, grains, or fruits. The
more modest results for a two serving/week increase,
which better reflects the more likely changes for less
commonly eaten foods, were 1.00, 1.01, 0.99, 0.97, 1.03,
0.83, 0.80, and 1.07 for grains, vegetables, fruits, red meat,
milk, fish, tomato sauce, and fresh tomatoes, respectively
(p-values same as those in Table 4; adjusted for age, total
energy, pre- and post-diagnostic diet).

There were 93 men who experienced progression before
returning their first post-diagnostic dietary survey. In the
primary analysis, information regarding their post-diag-
nostic dietary exposure was based on their most recent
pre-diagnostic dietary survey, and they were censored be-
fore their dietary exposure could be updated with their first
post-diagnostic survey. We reran the main analysis models
excluding these men, and the results were essentially the
same. We also examined associations within strata of
known treatment groups (i.e. surgery, radiation, or hor-
mones), prognostic risk group (i.e. low, intermediate, or
high), and date of diagnosis (before or after June 1991);
point estimate results were similar, although confidence
intervals were wide. We examined individual results for
processed meat (i.e. hot dogs, bacon, salami/bologna or
other processed meat) and fresh tomatoes, and results were
essentially the same as those presented in Table 3 for total
red meat and total fresh tomato products (including salsa
and tomato juice), respectively.

Discussion

To our knowledge, this is the first prospective investigation
of pre-and post-diagnostic diet and the risk of prostate
cancer progression in a cohort of men with prostate cancer.
We observed that post-diagnostic fish and tomato sauce
intake were inversely associated with risk of prostate
cancer progression, while fresh tomato products and milk
consumption appeared to slightly increase the risk of
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Table 2 Pre-diagnostic mean food group intake and change in consumption after diagnosis of prostate cancer, by prognostic risk group, among

1,202 men with prostate cancer

Food Group Prognostic Risk Group®

Low (n = 432) Intermediate (n = 385) High (n = 385)

Servings Less” Same® More” Servings per Less Same More Servings per Less Same More

per day 1986 (%) (%) (%) day 1986 (%) (%) (%)  day 1986 (%) (%) (%)
Grains 2.9 29 28 43 2.8 30 30 40 2.9 30 31 38°
Vegetables 2.9 29 25 46 29 29 33 38 3.1 28 30 42
Fruits 2.5 28 31 41 25 27 29 44 2.5 25 35 40
Red Meat 0.9 50 25 25 0.9 42 30 28 1.0 51 25 24
Milk 0.9 16 66 18 1.0 19 61 20 1.1 19 60 21
Fish 0.4 33 55 12 0.3 30 53 17 0.3 31 55 14
Tomato Sauce 0.2 11 72 17 0.2 12 68 20 0.2 14 72 14
Fresh Tomato Products 0.5 30 40 30 0.5 37 32 31 0.5 31 37 31°

4 Risk group categorization defined as follows- low: 0 < PSA < 10 and Gleason sum < 6 and stage < 2; high: PSA > 20 or Gleason sum > 8 or

stage = 3; intermediate risk: all others

° For grains, vegetables, fruits, and milk: “‘less”” = a negative change of serving/day or greater, after diagnosis compared to before;
“‘same’’ = eating =+ serving/day; ‘‘more’’ = a positive change of serving/day or greater. For red meat, fish, tomato sauce, and fresh tomatoes:
“less’”” = a negative change of one serving/week or greater, after diagnosis compared to before; ‘‘same’’ = eating & one serving/week;

““more’” = a positive change of one serving/week or greater

¢ Percents may not sum to 100 due to rounding

progression. We found little evidence for any associations
for grains, red meat, or fruits.

Previous studies have demonstrated an inverse associa-
tion between the risk of developing cancer, in particular
prostate cancer, and consumption of tomatoes, tomato
based products, or lycopene [15]. Lycopene is a carotenoid
which is highly concentrated in the prostate gland and has
antioxidant properties; tomatoes are the primary source of
lycopene in typical American diets. In a previous investi-
gation examining predictors of incident prostate cancer in
this cohort, men consuming two or more servings of tomato
sauce per week experienced an approximate 20-35% lower
risk of developing prostate cancer [16]. Our findings extend
these results and suggest that tomato sauce consumption
after diagnosis independently predicts risk of recurrence or
progression, among men with prostate cancer. The lack of
evidence of an inverse association for fresh tomato prod-
ucts in this study may partially be explained by previous
observations that tomato sauce is the best source of bio-
available lycopene [15, 17]. A meta-analysis of tomato
products and lycopene for the prevention of prostate cancer
also observed a slightly stronger effect of cooked versus
raw tomato products when compared to non-frequent
consumption of overall tomato products (relative
risk = 0.89, 95% CI 0.80-1.00 for raw and 0.81, 95% CI
0.71-0.92 for cooked, comparing extreme quintiles of in-
take) [21]. The modest elevation in risk observed for fresh
tomato products was unexpected, however, and further
research is warranted to reconcile this association.

These findings for post-diagnostic tomato sauce con-
sumption and progression risk are consistent with a few
small intervention studies that reported on potential bene-
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fits of a tomato sauce or lycopene supplemented diet,
among men with prostate cancer. In one study, 32 men with
localized prostate cancer received a tomato sauce-based
pasta dish daily for 3 weeks prior to radical prostatectomy;
reductions in leukocyte and prostate tissue oxidative DNA
damage were observed when compared to levels assessed
prior to the intervention (leukocyte) or in a small control
group (tissue) [22]. In another study, 26 men with newly
diagnosed localized prostate cancer were randomly as-
signed to either a 15 mg lycopene supplement (n = 15) or
no supplement (n = 11) for 3 weeks prior to surgery. The
men on intervention experienced an 18% decrease in PSA
level compared to a 14% increase experienced by the
control group (p = 0.25) [23].

The association of post-diagnostic fish intake with lower
risk of prostate cancer recurrence, progression, or death is
consistent with previous results for pre-diagnostic diet and
risk of incident prostate cancer from a large Swedish cohort
study [24] and this cohort [25]. In the Swedish study, men
who rarely consumed fish had a threefold greater risk of
prostate cancer death compared to men who reported
consuming fish moderately often [24]. A unique nutritional
component of fish is the marine omega-3 fatty acids, and
some experimental studies suggest that marine omega-3
fatty acid alone or a greater ratio of omega-3 to omega-6
fatty acid may decrease prostate cancer cell growth in vitro
[26]. Hypothesized mechanisms of action include effects
on cancer cell proliferation and inflammatory pathways
that influence cancer growth. Growth of DU-145 (an
aggressive human prostate cancer cell line) xenografts was
inhibited in nude mice fed a diet rich in marine omega-3
fatty acids [docosahexaenoic (DHA) + eicosapentaenoic
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Table 3 Post-diagnostic food group consumption and the risk of prostate cancer progression (392 outcomes) among 1,202 men with prostate

cancer from the Health Professionals Follow-up Study

Food Group Quartile ~ Multivariate hazard ratio (95% Confidence Interval, CI)
Model 1* Model 2° Model 3¢ Model 4¢
Grains 1 1.00 1.00 1.00 1.00
2 1.09 (0.82-1.45) 1.13 (0.85-1.51) 1.12 (0.83-1.52) 1.16 (0.86-1.57)
3 1.12 (0.84-1.50) 1.14 (0.85-1.52) 1.15 (0.85-1.56) 1.19 (0.87-1.62)
4 0.83 (0.60-1.15) 0.88 (0.63-1.22) 0.86 (0.61-1.20) 0.93 (0.65-1.31)
Vegetables 1 1.00 1.00 1.00 1.00
2 1.39 (1.03-1.86) 1.40 (1.04-1.88) 1.48 (1.07-2.04) 1.50 (1.09-2.08)
3 1.31 (0.97-1.78) 1.28 (0.95-1.74) 141 (1.00-1.99) 1.44 (1.02-2.03)
4 1.14 (0.83-1.57) 1.18 (0.86-1.62) 1.23 (0.85-1.78) 1.26 (0.85-1.87)
Fruits 1 1.00 1.00 1.00 1.00
2 1.21 (0.91-1.60) 1.20 (0.91-1.59) 1.20 (0.90-1.61) 1.19 (0.88-1.59)
3 0.90 (0.67-1.21) 0.93 (0.69-1.26) 0.88 (0.64-1.22) 0.86 (0.62-1.20)
4 0.98 (0.73-1.33) 098 (0.73-1.33) 094 (0.67-1.31) 0.90 (0.62-1.28)
Red Meat 1 1.00 1.00 1.00 1.00
2 0.99 (0.74-1.32) 1.06 (0.80-1.42) 1.00 (0.75-1.34) 1.02 (0.76-1.38)
3 1.05 (0.78-1.40) 1.12 (0.84-1.51) 1.03 (0.76-1.38) 1.06 (0.78-1.45)
4 1.01 (0.74-1.39) 1.08 (0.79-1.47) 0.98 (0.71-1.34) 1.03 (0.72-1.46)
Milk 1 1.00 1.00 1.00 1.00
2 1.14 (0.84-1.53) 1.16 (0.86-1.56) 1.17 (0.86-1.59) 1.18 (0.86-1.60)
3 1.00 (0.76-1.32)  1.02 (0.77-1.35) 1.04 (0.78-1.39) 1.04 (0.78-1.40)
4 1.26 (0.94-1.70) 1.25 (0.93-1.69) 1.27 (0.94-1.71) 1.30 (0.93-1.83)
Fish 1 1.00 1.00 1.00 1.00
2 1.03 (0.78-1.36) 1.01 (0.77-1.33) 1.04 (0.78-1.38) 1.01 (0.76-1.35)
3 1.02 (0.76-1.36)  1.02 (0.76-1.37) 1.02 (0.75-1.38) 0.94 (0.69-1.29)
4 0.86 (0.64-1.15) 0.88 (0.66-1.18)  0.85 (0.62-1.17)  0.73 (0.52-1.02)
Tomato Sauce 1 1.00 1.00 1.00 1.00
2 0.81 (0.61-1.07) 0.86 (0.65-1.13) 0.78 (0.58-1.05) 0.78 (0.58-1.05)
3 0.98 (0.74-1.29) 0.99 (0.75-1.32) 0.94 (0.69-1.27) 0091 (0.67-1.24)
4 0.63 (0.44-0.89) 0.67 (0.47-0.95) 0.59 (0.41-0.86) 0.56 (0.38-0.82)
Fresh Tomato Products 1 1.00 1.00 1.00 1.00
2 1.29 (0.96-1.74) 1.29 (0.96-1.74) 1.45 (1.06-1.99) 1.46 (1.06-2.01)
3 1.28 (0.95-1.71) 1.31 (0.98-1.76) 1.44 (1.04-1.99) 148 (1.06-2.06)
4 1.35 (1.00-1.82) 1.32 (0.98-1.78) 1.55 (1.11-2.17)  1.58 (1.10-2.25)

4 Adjusted for age and total energy

® Adjusted for age and total energy, prognostic risk group, and primary treatment modality (surgery, radiation, hormonal therapy, other,

unknown)

¢ Adjusted for age, total energy and all other post-diagnostic diet food groups (quartile indicators)

4 Adjusted for age, total energy, pre-diagnostic diet (continuous variables), and all other post-diagnostic food groups (quartile indicators)

(EPA)] [27]. Chung et al. has reported that DHA + EPA
inhibited androgen-stimulated LNCaP prostate cancer cell
growth [28]. It has been demonstrated, in a mouse squa-
mous cell carcinoma model, that EPA induces partial
depletion of intracellular Ca®* stores, which inhibits
translation initiation and leads to cell cycle arrest in G
[29]. We previously reported that pre-diagnostic EPA +
DHA intake in this cohort was related to lower risk of
incident advanced prostate cancer (relative risk = 0.74,
95% CI 0.49-1.08, when comparing the highest versus
lowest quintile of consumption) [30]. Fish is also one of the
few natural sources of vitamin D, a hypothesized beneficial
factor for prostate cancer [10]. The current results suggest
that fish consumption after diagnosis may have a similar
beneficial effect on protecting against the risk of prostate

cancer progression, independent of pre-diagnostic con-
sumption levels.

The suggestion of a slight positive association between
post-diagnostic milk consumption and the risk of prostate
cancer progression is consistent with prior evidence
(including an investigation from this cohort) that dairy
products, milk, or calcium intake may increase risk of
developing incident prostate cancer, in particular meta-
static and fatal disease [10, 31-35]. We have hypothesized
that high calcium consumption, from supplements or cal-
cium-rich products (e.g. milk), may lead to higher circu-
lating calcium levels, which reduces production of 1,25
dihydroxyvitamin D3, a vitamin D metabolite that sup-
presses prostate cancer tumor growth in vitro and in vivo
[10]. Although milk in the United States is fortified with
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Table 4 Linear trends between post-diagnostic food group
consumption and the risk of prostate cancer progression (392
outcomes), among 1,202 men with incident prostate cancer from
the Health Professionals Follow-up Study

Food Group Hazard Ratio for one serving/day
increase(p-value)
Adjusted for age Also adjusted for pre- and
and total energy® post-diagnostic diet™"

Grain 0.96 (0.20) 0.98 (0.61)

Vegetables 1.01 (0.63) 1.04 (0.14)

Fruits 0.98 (0.44) 0.96 (0.23)

Red Meat 0.92 (0.32) 0.89 (0.24)

Milk 1.09 (0.06) 1.12 (0.04)

Fish 0.73 (0.12) 0.52 (0.006)

Tomato Sauce 0.52 (0.06) 0.46 (0.04)

Fresh Tomato Products 1.12 (0.12) 1.27 (0.02)

4 Model adjusts for age at diagnosis and post-diagnostic total energy
consumption

® Model adjusts for all pre-and post-diagnostic food group con-
sumption as continuous variables

vitamin D, the overall influence of milk is to lower 1,25
dihydroxyvitamin D5 because of its high calcium content.
Men with greater milk intake have also been shown to have
higher levels of circulating insulin like growth factor-I [36—
38], a hormone linked to greater risk of advanced stage
incident prostate cancer [39]. In contrast, secondary results
from a randomized clinical trial for the prevention of
colorectal adenomas suggested that there is a null or even
inverse association between calcium supplements and the
risk of incident prostate cancer [40]. These apparently
conflicting findings warrant further research, especially
given that men with prostate cancer on hormonal therapy
are often recommended to take supplemental calcium to
prevent bone loss.

The moderate positive association for post-diagnostic
intermediate levels of vegetable consumption and the risk
of prostate cancer progression is inconsistent with previous
studies suggesting that total and specific vegetable intakes
are associated with slight reductions in or no influence on
the risk of developing prostate cancer [7, 41-44]. This
unclear association for vegetables may be due partially to
the heterogeneity of this food group. The category of
“‘vegetables’’ contained the most items (up to 26 specific
vegetables were assessed in any given questionnaire year),
and it is possible that different specific vegetables have
opposing effects on risk of prostate cancer progression.

There are several limitations of this study to consider.
Details on prostate cancer clinical follow-up came from
physician and, to a lesser degree, patient reports of past
events. While we cannot overlook the potential for mea-
surement error in assessing our outcome, for 67% of the
men we had data from their physician(s); for 18% we had
medical record data because the men died during follow-

@ Springer

up; and for only 16% of the cohort did we rely solely on
patient self-report of secondary outcomes. Our main out-
come was heterogeneous, combining biochemical relapses,
second treatment, progression to metastatic disease, and
prostate cancer death. We conducted an analysis excluding
the 23 cases identified based on initiation of second treat-
ment after primary therapy or initiation of first treatment
among watchful waiters, and the results were unchanged.
There were too few prostate cancer deaths (n = 50) and
cases of metastases (n = 7) to examine these outcomes
independently, although we acknowledge that these may be
the most relevant clinical events. We combined these
outcomes primarily to maximize statistical power, but also
because no previous data suggested the biological mecha-
nism for diet would be different for these events. These
events are likely somewhat inter-related, as biochemical
recurrence and metastasis predict prostate cancer death.
With additional follow-up, we will focus on metastasis/
death as primary outcomes in the future.

We did not comprehensively collect details on adjuvant
or neoadjuvant therapies, complications during treatment,
repeated measurements of PSA indicating the rise/velocity,
or medical charts or pathology reports for every post-
diagnostic clinical visit. However, the main baseline
diagnostic and treatment variables (i.e. diagnostic Gleason
score, PSA, and stage, and primary therapy) were not
correlated with dietary habits, so these should not be
serious confounding variables.

The study also had several strengths, including repeated
prospective assessments of diet before and after prostate
cancer diagnosis, an average of 6 years and up to 14 years
of post-diagnosis follow-up based primarily on physician
surveys and medical chart death data, and reasonable de-
tails on tumor characteristics at diagnosis and primary
treatment. We also were able to consider the potential
confounding effects of body size, exercise, family history,
smoking, and race; although there was little ethnic diver-
sity in this population.

To our knowledge, this is the first report to examine
post-diagnostic diet and risk of prostate cancer progression,
with consideration for pre-diagnostic diet and other clinical
and lifestyle factors. We observed suggestive inverse
associations for tomato sauce and fish consumption and
the risk of prostate cancer progression, and a possible
positive association for milk and fresh tomato products.
These results are preliminary and should be interpreted
cautiously. Nonetheless, they support the hypothesis that
post-diagnostic diet could influence the progression of
prostate cancer, at least among men diagnosed before
macro-metastases are detected. That little evidence of
confounding by clinical and other lifestyle factors on the
association between diet and risk of progression was
apparent here may be an important consideration for other
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studies that have collected longitudinal nutritional data but
less detailed clinical data. These results may be useful in
the development of secondary prevention intervention
studies. Further research is warranted to examine these
findings in settings with larger populations of patients and
more detailed comprehensive clinical follow-up.
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