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Background: Diet may substantially alter prostate cancer initiation and progression. However,
large-scale clinical trials of diet modification have yet to be performed for prostate cancer. The
Men's Eating and Living (MEAL) Study (CALGB 70807 [Alliance]) is investigating the effect of
increased vegetable consumption on clinical progression in men with localized prostate cancer.
Study design: MEAL is a randomized, phase III clinical trial designed to test whether an
intervention that increases vegetable intake will decrease the incidence of clinical progression in
men with clinically localized prostate cancer on active surveillance. We are randomizing 464
patients to either a validated telephone-based diet counseling intervention or a control condition
inwhich patients receive a published diet guideline. The interventionwill continue for two years.
The primary outcome variable is clinical progression defined by serum prostate-specific antigen
(PSA) and pathological findings on follow-up prostate biopsy. Secondary outcome variables
include incidence of surgical and non-surgical treatments for prostate cancer, prostate-cancer
related patient anxiety and health-related quality of life.
Conclusion: TheMEAL Study is assessing the effectiveness of a high-vegetable diet intervention for
preventing clinical progression in men with localized prostate cancer on active surveillance.

© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

Due to widespread prostate-specific antigen (PSA)
screening, approximately 50% of men diagnosed with
prostate cancer present with relatively indolent disease [1,2].
Many of these patients nevertheless undergo surgery, radia-
tion, or other aggressive treatments associated with chronic—
and substantial—side effects [3–5]. Active surveillance, which
entails careful monitoring of selected patients with early stage
prostate cancer and treatment of those who demonstrate
evidence of disease progression, provides a viable and safe
alternative to immediate treatment [6–8]. However, approxi-
mately 30% to 35% of patients pursuing active surveillance will
clinically progress and undergo aggressive treatment with
surgery or radiation within 5 years, while others will opt for
treatment even though they do not meet the objective criteria
for progression [7–9].

A novel strategy of potentially decreasing the number of
active surveillance patients who require aggressive treatment is
diet modification. Diet may substantially influence prostate
cancer initiation and progression [10–12], and altering dietary
intake—specifically, switching to a diet that emphasizes vege-
table intake and de-emphasizes meat and fat intake—might
decrease the risk of clinical progression [10,13]. Prostate cell line
and animal studies demonstrate that components of cruciferous
vegetables (isothiocyanates) and tomatoes (lycopene) induce
apoptosis of prostate cancer cells, inhibit carcinogenesis, and
promote the expression of cytoprotective enzymes in prostate
tissue [14–16].

Early clinical evidence supporting these epidemiological and
laboratory data are limited, but promising. Three small trials
have evaluated diet change as a therapy for prostate cancer, two
of which observed favorable results [17–19]. In one of these
studies, a small (n = 93) group of active surveillance patients
who implemented extreme lifestyle changes—including a low-
fat, plant-based diet—experienced decreased serum PSA con-
centrations and rates of progression to standard treatment for
up to 2 years following the intervention [18,20]. Gene expres-
sion profiling in a sample (n = 30) of these men comparing
pre- and post-intervention prostate biopsy tissue identified
significant post-intervention changes in biological processes
related to carcinogenesis, suggesting the possibility that nutri-
tional and other lifestyle changes may alter tumorigenesis [21].

Additional follow-up studies of these patients have also
hinted at intriguing links between lifestyle change in prostate
cancer patients and telomeres, protective DNA-protein com-
plexes at the end of chromosomes that promote chromosomal
stability. Shorter telomere length is a prognostic marker of
disease, aging, and prematuremorbidity; telomere shortening is
counteracted by the cellular enzyme telomerase. Analyses in 24
and 10 of these patients demonstrated significantly increased
telomerase activity [22] and longer telomeres [23], respectively,
in peripheral blood mononuclear cells in response to the
lifestyle intervention, intimating that nutritional changes may
beneficially influence chromosome stability.

To further test the potential clinical benefits of diet change
in men with localized prostate cancer, we designed and
successfully pilot tested a telephone-based diet intervention
for prostate cancer patients based on well-established princi-
ples of social cognitive theory. This intervention produced
robust diet changes and led to increased plasma carotenoids—a
biomarker for vegetable intake—in prostate cancer patients,
including those on active surveillance [24,25].

The Men's Eating and Living (MEAL) Study is a phase III
clinical trial designed to assess the efficacy of our dietary
intervention to prevent clinical progression in men with
localized prostate cancer on active surveillance.

2. Research design and methods

2.1. Eligibility and exclusion criteria

Eligible patients are 50 to 80 years of age with biopsy-
proven adenocarcinoma of the prostate who were diagnosed
within 24 months prior to presentation, had ≥10 biopsy
tissue cores procured at the time of the diagnostic biopsy,
had b25% of biopsy tissue cores positive for cancer, had≤50%
of any single biopsy tissue core positive for cancer and chose
to pursue active surveillance. Biopsy eligibility criteria also
include biopsy Gleason sum ≤6 for men ≤70 years and
biopsy Gleason sum ≤(3 + 4) = 7 for men N70 years. These
inclusion criteria are typical for allowing patients with
localized prostate cancer to safely pursue active surveillance
and represent the current standard of care in the community
[6–10]. Centralized pathology review is conducted on the
prostate biopsy tissue cores by a single pathologist (PH) to
confirm eligibility.

Other eligibility criteria are clinical stage ≤T2a, serum
PSA b10 ng/mL, life expectancy at least 3 years, and the
ability to read and comprehend English language text and to
understand spoken English over the telephone.

Exclusion criteria include prostate cancer with distant
metastases; prior treatment for prostate cancer by surgery,
radiation, minimally-invasive local ablation (i.e., cryosurgery
or high-intensity focused ultrasound), or androgen depriva-
tion therapy; current oral anticoagulation therapy with
warfarin; a history of non-cutaneous malignancy (other than
non-melanoma skin cancer) in the previous 5 years; current
consumption of ≥6 servings per day of fruits and vegetables
(not including juices); unwillingness to adopt a vegetable-rich
diet; intolerance of cruciferous vegetables; psychiatric illness
precluding compliance with the intervention and/or obtain-
ment of informed consent; and medical conditions that in the
opinion of the treating physician would make the protocol
unreasonably hazardous.

Patients taking dietary supplements, including lycopene
and beta-carotene, are eligible. Intake of supplements by study
participants is also permittedwhile on study. Patients receiving
treatment with the 5-alpha reductase inhibitors finasteride or
dutasteridewithin 90 days are not eligible. Should theywish to
enroll, patients will become eligible after discontinuation and
then a 90-daywashout period. Patients who begin taking these
medications while on study will be censored at the time of
medication initiation.

2.2. Study design

The MEAL Study is a randomized, phase III clinical trial.
The intervention is a validated, telephone-based counseling
program [24,25]. We are randomizing 464 patients on active
surveillance to either the telephone-based counseling inter-
vention or the control condition in which patients receive
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printed materials from the Prostate Cancer Foundation that
recommend consumption of a healthy diet (Fig. 1).

This study utilizes the centralized administrative infrastruc-
ture of the Alliance for Clinical Trials in Oncology (formerly
known as CALGB), a National Cancer Institute (NCI)-funded
cancer trials cooperative group. Each member site must obtain
regulatory approval from its local IRB to be eligible to
participate. Study personnel at participating institutions obtain
written informed consent from interested and potentially
eligible patients. During pre-registration, study personnel at
participating institutions utilize a secure, Web-based patient
registration system that captures relevant demographic and
medical data. When the patient is preregistered, the system
generates a patient identification number for record keeping
that is shared with the Alliance statistical center.

During the subsequent run-in period, patients will com-
plete an initial evaluation for eligibility and provide 6-hour
fasting blood samples. Once eligibility is confirmed, eligible
patients will be contacted by staff of the UC San Diego Moores
Cancer Center within one week to schedule a series of three
24-hour dietary recalls, all of which will be completed within
3 weeks. Eligible patients who complete the run-in and submit
a blood sample are then registered and randomized by site.
Randomization is accepted only through Alliance member
institutions, at-large members, selected affiliate institutions,
and Community Clinical Oncology Programs using the web-
based patient registration system. Registration must occur
prior to the initiation of therapy.

2.3. Telephone counseling intervention

All counseling is performed by telephone fromUCSanDiego
Moores Cancer Center. The telephone counseling protocol
follows a step-wise, phased approach that employs strategies
adopted from social cognitive theory [26]. Motivational
interviewing techniques [27] are utilized to help participants
assume and maintain responsibility for their own behavior
change.

After randomization, each intervention participant is
assigned to a personal counselor. Counselors work morning,
afternoon, or evening shifts, and every effort is made to assign
the participant to a counselor working when he prefers to
receive calls.

The dietary targets for the intervention arm are designed
to be challenging yet achievable. Men randomized to the
Fig. 1. The Men's Eating and Living (MEAL) St
intervention diet are encouraged to consume daily at least 7
servings of vegetables (including at least 2 servings of
cruciferous vegetables and 2 servings of tomatoes), 2 servings
of fruit, 2 servings of whole grains, and 1 serving of legumes. To
maximize the intake of potentially beneficial bioactive food
components, intervention participants are encouraged to
consume “bold” (“big color” and “strong flavor”) vegetables
and fruit. In addition to cruciferous vegetables and tomatoes,
these foods include dark green leafy vegetables, deep orange
vegetables and fruits, allium vegetables (onions, garlic),
berries, and citrus fruit. Servings are defined as a half-cup cut
up raw or cooked vegetables, fruit, or 100% vegetable juice; one
cup raw leafy green vegetable; a half cup cooked whole grain,
or legume; and 1 slice whole-grain bread. Because of lower
content of potentially beneficial bioactive food components,
iceberg lettuce, white potatoes, and fruit juices are not counted
toward the daily goals.

The telephone counseling intervention is divided into 4
phases over a 24-month period. Telephone calls are scheduled
more frequently at the beginning of the intervention when
participants need the most support. During the first phase,
counseling sessions are focused on setting and achieving
short-term goals to build self-efficacy. Each call during this
phase starts with a 24-hour recall to monitor dietary intake.
Performance is discussed with the participant and positive
aspects of achievements highlighted prior to negotiating a
new set of sub-goals. To maximize the probability of success,
counselors focus on helping participants identify barriers to
achieving goals and ensuring that participants take these
barriers into consideration when setting their iterative set of
short-term goals.

The second phase focuses on consolidation of the new
dietary pattern into the daily lifestyle of the participant.
Emphasis is placed on goals for establishing an environment
that is conducive to achieving the new dietary pattern, such as
altering the type of food available in the house, modifying
recipes and food preparation, and focusing on appropriate
portion sizes, eating patterns, and eating behaviors. During
this phase, participants are encouraged to self-monitor their
adherence to the study dietary goals by each day recording the
number of servings they ingested of vegetables (cruciferous,
tomato, other), fruit, whole grains, and beans/legumes on the
study-specific Weekly Food Checklist. Counselors measure
self-efficacy at the end of each counseling call by asking the
participant to rate his confidence that he will meet the
udy (CALGB 70807 [Alliance]) schema.
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incremental behavioral goals set during the call for the time
period ending with the next call. If the counselor rates self-
efficacy as low, the counselor helps the participant adjust the
goal to maximize the potential for behavior change.

The third phase focuses on relapse prevention. As vulner-
ability to relapse is known to be associated with a declining
self-efficacy [27], the counselor checks self-efficacy at each call
and revisits earlier goal setting strategies if needed.

The fourth phase focuses on providing positive feedback on
achievements and maintaining participant accountability, and
their commitment to their lifestyle changes and to the study.
The counselor continues to monitor self-efficacy and help
problem solve barriers that arise. To ensure intervention fidelity,
counselors completed an intensive 80-hour training program
that reviews the rationale for the study, protocols for conducting
24-hour recalls, and extensive role-playing using a computer-
ized structured protocol. The intervention focuses on a series of
questions, and responses are entered into the study database in
real time. A registered dietitian supervises the intervention
team and conducts regular performance reviews. Counselors
attend amonthly casemanagementmeeting, sharing issues and
solutions, as well as reviewing recent relevant literature.

To further standardize the intervention and minimize the
potential for bias, we have developed a detailed, relational
database that provides counselors with a computer-assisted
coaching protocol for their participant contacts. All contacts
will be recorded in the database, and the databasewill generate
the call schedule for each counselor each day. Calls will then
follow a script that includes suggested question phrasing and
responses to key questions inserted into the database in real
time; these standardize intervention delivery. Automatic range
checks will ensure quality in the dataset. At the completion of
each call, the database prompts the counselor for detailed
comments for use in the next contact. The supervisor reviews
these comments as a component of performance review. The
supervisor will compare each counselor's performance to that
of his or her peers, in terms of achieving dietary change toward
study goals and in keeping the database complete.

2.4. Primary outcome

The primary outcome of MEAL is clinical progression, a
composite outcome defined as PSA N10 ng/nL, or PSA doubling
time (PSADT) b3 years, or any of the following findings on
repeat prostate biopsy: N25% of biopsy tissue cores positive for
cancer, N50% of any biopsy tissue core positive for cancer,
Gleason sum ≥7 for men ≤70 years, or Gleason sum
≥(4 + 3) = 7 for men N70 years. We based these definitions
of progression on prior studies of patients with localized
prostate cancer on active surveillance [6–10].

2.5. Secondary outcomes

Secondary outcomes include incidence of surgical and
non-surgical treatments in patients whose disease does not
meet the definition of clinical progression, anxiety asmeasured
by the Memorial Anxiety Scale for Prostate Cancer (Max-PC),
urinary symptoms as measured by the International Prostate
Symptom Score (I-PSS), and quality of life (QoL) as measured
by the Functional Assessment of Cancer Therapy Scale-Prostate
(FACT-P) and Expanded Prostate Cancer Index Composite 26
(EPIC-26).

2.6. Outcome evaluation

Each patient will be followed for 24 months, and PSA is
evaluated every 3 months starting from baseline. Pursuant to
established Alliance practice for prostate cancer clinical trials,
PSA measures are performed in the clinical laboratories of
each individual study site using standard platforms. Site
personnel enter the PSA results into the Alliance Web-based
patient registration system, which compiles the data. PSADT
will be calculated as log2 divided by the slope (the least
squares estimator) of log (PSA) observations over time using
the latest 3 PSA measurements at months 0, 3 and 6. To
ensure comparability, the PSADT will be calculated at the
Alliance Statistics and Data Center.

Consistent with current standards of care for the treatment
of patients with localized prostate cancer on active surveil-
lance, all participants who do not undergo definitive treatment
(i.e., surgery or radiation) during the study period will receive
an end-of-study biopsy 24 months after baseline. In addition,
at the treating physician's discretion, additional for-cause
biopsies may be performed prior to 24 months as clinically
indicated. Centralized pathology review is conducted on the
prostate biopsy tissue cores by a single pathologist (PH) to
evaluate progression. A separate team of telephone assessors
evaluate the diets of all study participants at baseline,
12 months, and 24 months by a series of 3 separate 24-hour
dietary recalls collected via telephone interview, which uses
the Nutrition Data Systems for Research (NDS-R, current
version 2010, University of Minnesota Nutrition Coordinating
Center, University of Minnesota, Minneapolis, MN) software
and nutrient database. Fasting blood samples are collected at
baseline, 12 months, and 24 months and analyzed for plasma
carotenoid concentrations—a biomarker of vegetable and fruit
intake and thus an effective method for measuring compliance—
using high-performance liquid chromatography methodology
[25].We aremeasuring the following carotenoids as biomarkers:
total carotenoids, α-carotene, β-carotene, lutein, lycopene, and
cryptoxanthin.

2.7. Statistics

We are randomizing patients 1:1 to receive the dietary
intervention (experimental arm) or dietary information
(control arm). The log-rank test with a two-sided α = 5%
and a sample size of 418 has 80% power to detect a difference
in progression rate of 20% in the control versus 10% in the
experimental arm during the 24-month follow-up period.
The expected progression rate is based on prior studies of
patients with localized prostate cancer on active surveillance.
In these studies, progression rates ranged from 20% to 35%,
depending on the population under study [6–10]. We chose
20% for the sample size calculation because it was the most
conservative definition of the expected event rate.

Under the exponential distribution assumption for the time
to progression, the 2-year progression rate of 20% versus 10%
corresponds to a hazard ratio (HR) of 2.1. Assuming a 10%
dropout rate (including patients who are treated before
progression), we are enrolling a total of 464 patients. We
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based the expected 10% dropout rate on our pilot study, in
which the observed dropout rate was 2%; for this trial, we
conservatively assigned an expected 5-fold increase in the
dropout rate compared to the pilot [21]. We are stratifying
randomization by age (b70 years versus ≥70 years), race
(African American versus other) and—to account for any
additional prostate biopsies performed after the diagnostic
baseline prostate biopsy but prior to study entry—time since
baseline prostate biopsy (≤12 months prior to registration
versus N12 months prior to registration).

We are comparing time to clinical progression between the
two arms using the log-rank test for univariate analysis and
Cox's proportional hazards regression for multivariate analysis
adjusting for stratification and other prognostic factors. We are
censoring the patients who proceed to treatment with surgery,
radiation, local ablative therapy or androgen deprivation
therapy before progression within the 2-year follow-up period
at the time of treatment.

We are also comparing the probability to proceed to
treatment within 2 years using the chi-squared test. We are
estimating the time trajectory of QoL using the generalized
estimating equation method based on working independent
correlation structure and comparing the slopes for the two
arms of the time trajectory [28], adjusting for multiple testing
among different QoL subscales using the methodology of
Bang, Jung and George [29].

We will compare the changes from baseline in mean daily
intakes of total vegetables, crucifers, tomato products, beans/
legumes and fat between the two study arms with two-sample
t-tests at 12 and 24 months. We will compare the changes in
plasma carotenoid concentrations from baseline between the
two arms using a two-sample t-test.Wewill correlate carotenoid
concentrations with PSADT, using descriptive analysis with
scatter plots and regression analysis, and adjusting intervention
and known predictors including the stratification factors in
multivariate analysis.

We will consider logarithmic transformations of the data to
improve normality of the distributions and variance stabiliza-
tion as necessary.

3. Discussion

The MEAL Study is the first large-scale clinical trial of a
dietary intervention for prostate cancer. Assessing the thera-
peutic efficacy of diet requires the accumulation of data from
rationally designed trials focused on feasible interventions that
do not place undue burdens on patients. The MEAL Study
promotes robust diet changes through a telephone counseling
system that has previously been shown to effectively promote
dietary change in breast cancer survivors [30]. The use of a
centralized service to conduct the intervention by telephone
has a number of strengths that include intervention fidelity and
significant economies of scale. The intervention could likely be
applied to relatively large patient populations cheaply and
efficiently.

Our innovative telephone-based intervention focuses on
beneficial dietary components that have been associated with
decreased prostate cancer incidence and progression in obser-
vational studies. The intervention is inexpensive enough to be
considered a population intervention. The counseling protocol is
stepped and utilizes principles of social cognitive theory [31,32]
and motivational interviewing [27]. We cannot definitively
predict whether the changes in dietary intake and plasma
carotenoid concentrations over a 2-year period will be main-
tained over a longer period. However, in the Women's Healthy
Eating and Living (WHEL) study for breast cancer, which
utilized a similar dietary intervention over a similar period of
time, participants maintained diet changes for at least 4 years
[33].

Reducing the number of active surveillance patients who
receive treatment represents an important opportunity to
minimize treatment-associated morbidity, improve quality of
life, and contain health care costs. Diet change represents an
innovative approach to treating prostate cancer with the
potential to promulgate a novel therapeutic paradigm: dietary
management, without curative intent, of early stage prostate
cancer.

Moreover, because prostate cancer diagnosis is a source of
considerable anxiety and diminished quality of life [34], dietary
intervention also may encourage patients without clinical
progression to remain on active surveillance rather than
choosing treatment. Many patients with no objective PSA or
pathologic criteria for progression will nonetheless opt for
treatment, presumably due to anxiety associated with their
diagnosis [35]. For these patients, diet change potentially
provides an intervention or therapy onwhich to focus, possibly
dissuading otherwise lower risk men from pursuing unneces-
sarily aggressive, morbidity-generating treatments.

4. Conclusion

In summary, the MEAL Study uses a centralized, telephone-
based counseling intervention to assess the effectiveness of a
high-vegetable diet for preventing clinical progression, improv-
ing health-related QoL, and decreasing anxiety in men with
localized prostate cancer on active surveillance. This study holds
the potential to substantively inform the treatment of early stage
prostate cancer.
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