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Lycopene and Soy Isoflavones in the Treatment of Prostate Cancer
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Abstract: Dietary intake of lycopene and soy has been
associated with a lower risk of prostate cancer. In vitro
studies with lycopene and genistein, a soy isoflavone, have
shown induction of apoptosis and inhibition of cell growth
in androgen-sensitive (LNCaP) and androgen–independent
(PC3 and VeCaP) prostate cancer cell lines. In a previous
Phase II clinical trial in prostate cancer patients, we ob-
served prostate-specific antigen (PSA) stabilization with soy
isoflavone intake. In this Phase II clinical trial, we investi-
gated the efficacy of lycopene alone or in combination with
soy isoflavones on serum PSA levels in men with prostate
cancer. To be eligible for the study, men with prostate can-
cer had to have rising serum PSA following local therapy
or while on hormone therapy. Study population included 71
eligible patients who had 3 successive rising PSA levels or a
minimum PSA of 10 ng/ml at 2 successive evaluations prior
to starting therapy. Subjects were randomly assigned to re-
ceive a tomato extract capsule containing 15 mg of lycopene
alone (n = 38) or together with a capsule containing 40 mg
of a soy isoflavone mixture (n = 33) twice daily orally for
a maximum of 6 mo. One patient on the lycopene arm did
not receive therapy due to his inability to ingest the study
pill. There was no decline in serum PSA in either group
qualifying for a partial or complete response. However, 35
of 37 (95%) evaluable patients in the lycopene group and
22 of 33 (67%) evaluable patients in the lycopene plus soy
isoflavone group achieved stable disease described as stabi-
lization in serum PSA level. The data suggest that lycopene
and soy isoflavones have activity in prostate cancer patients
with PSA relapse disease and may delay progression of both
hormone-refractory and hormone-sensitive prostate cancer.
However, there may not be an additive effect between the
2 compounds when taken together. Future studies are war-
ranted to further investigate the efficacy of lycopene and soy
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isoflavones in prostate cancer as well as the mechanism of
potential negative interaction between them.

Introduction

Patients with prostate cancer who have rising serum
prostate-specific antigen (PSA) after curative surgery or ra-
diation without other clinical evidence of disease pose a
therapeutic dilemma with no clearly established guidelines.
Androgen deprivation therapy remains the most effective
treatment, with rapid induction of a PSA response and a
likelihood of delaying disease progression. The prognostic
characteristics determining outcome in PSA-relapse disease
are not well defined. The optimal time to start androgen
deprivation therapy is also unknown. Testosterone suppres-
sion has numerous side effects including hot flashes, loss of
libido, and osteoporosis leading to skeletal events. The ther-
apy of patients with PSA-relapse prostate cancer who have
failed androgen deprivation therapy represents an even larger
clinical dilemma. Testing of other therapies in PSA-relapse
disease has been limited by the lack of objective measurable
disease and the reliance on PSA response as a therapeutic
endpoint. This disease category is the current focus of thera-
peutic research with the hope of delaying the progression to
metastatic disease and consequently prolonging survival.

A potential strategy for delaying the progression of disease
in PSA-relapse patients is the use of nutritional or botanical
compounds such as tomato lycopene or soy isoflavones that
may have biological effects against prostate cancer. Dietary
intake of lycopene has been associated with a decreased risk
of prostate cancer, suggesting that lycopene may have a role
in the prevention of prostate cancer (1). In addition, among
prostate cancer patients, higher lycopene intake has been



associated with lower stage of disease, suggesting that
lycopene may also impede the progression of disease (1).
Lycopene is a non-provitamin A carotenoid that gives toma-
toes their red color. Humans and animals do not synthe-
size lycopene and thus depend on dietary sources. Tomatoes
and tomato products, watermelon, pink grapefruit, apricots,
pink guava, and papaya are the dietary sources of lycopene
(2,3). Lycopene is a potent antioxidant and quencher of sin-
glet oxygen (4,5), resulting in protection against oxidative
DNA damage in vitro and in vivo [reviewed in (6)]. Evolv-
ing evidence suggests that carotenoids may modulate pro-
cesses related to mutagenesis, carcinogenesis, cell differen-
tiation, and proliferation independently of their role as an-
tioxidants or precursors of vitamin A (7–23). The postulated
possible mechanisms of action of lycopene include 1) inhi-
bition of growth and induction of differentiation in cancer
cells by modulating the expression of cell cycle regulatory
proteins (12,24–27), 2) modulation of the IGF-1/IGFBP-3
system (27–36), 3) up-regulation of gap-junctional gene con-
nexin 43 (Cx43) and increased gap junctional intercellu-
lar communication (7–11,13–20), 4) modulation of redox
signaling (37), 5) prevention of oxidative DNA damage
(38,39), 6) inhibition of IL-6 and androgen (40), 7) inhi-
bition of 5-lipoxygenase (41), 8) modulation of carcinogen
metabolizing enzymes (42), and 9) modulation of immune
function (43).

Although there is considerable interest in the role of ly-
copene as a therapeutic agent in prostate cancer, only a few
small clinical trials have been reported (44–46). Kucuk et al.
(44) conducted a randomized 2-arm clinical trial to inves-
tigate the effects of lycopene supplementation on the can-
cerous and benign prostate tissues. Patients with a diagnosis
of prostate cancer who were scheduled to undergo radical
prostatectomy were randomly assigned to either 30 mg of
oral lycopene supplementation or no intervention for 3 wk
prior to surgery. Kucuk et al. (44) reported that the plasma
PSA level decreased by 18% in the intervention group (n =
15), whereas it increased by 14% in the control group (n =
11) over the study period (P = 0.22). Chen et al. (45) and
Ansari and Gupta (46) have also reported a PSA response to
lycopene supplementation in patients with prostate cancer.

Soy has also been of interest in the prevention and ther-
apy of prostate cancer. Epidemiologic studies have shown an
inverse association between soy consumption and prostate
cancer risk (47–50). Isoflavones have been suggested as the
principal chemical constituents responsible for the potential
preventive effect of soy against prostate cancer (51). In some
Asian countries with high soy consumption, the incidence
of latent and small prostate carcinomas is the same as in
Western countries, whereas the mortality from clinically di-
agnosed prostate cancer is lower (52), suggesting that soy
isoflavones may also inhibit the progression of prostate can-
cer. A variety of possible mechanisms have been proposed
for the activity of soy isoflavones in prostate cancer, which
include estrogen-like effects (53), prevention of oxidative
DNA damage (54,55), reduction in cancer cell proliferation
(56), inhibition of angiogenesis (57), modulation of steroid-

metabolizing enzymes (58), tyrosine kinase (59) and topoiso-
merase II (60), and effects on signal transduction molecules
(61).

We have previously reported the results of a pilot study
with soy isoflavones in patients’ prostate cancer who had
rising serum PSA levels (62). Patients were enrolled on the
study if they had either newly diagnosed and untreated dis-
ease under watchful waiting with rising PSA (Group I) or had
increasing serum PSA following local therapy (Group II) or
while receiving hormone therapy (Group III). The study in-
tervention consisted of 100 mg of soy isoflavone taken by
mouth twice daily for a minimum of 3 or maximum of 6 mo.
Although there were no sustained decreases in PSA qualify-
ing for a complete or partial response, stabilization of the PSA
occurred in 83% of patients in hormone-sensitive (Group II)
and 35% of hormone-refractory (Group III) patients. There
was a decrease in the rate of the rise of serum PSA in the
whole group (P = 0.01), with rates of rise decreasing from
14% to 6% in Group II (P = 0.21) and from 31% to 9% in
Group III (P = 0.05) following the soy isoflavone interven-
tion. These data suggest that soy isoflavones may have an
antitumor effect in patients with prostate cancer.

Because our previous clinical trials suggested clinical ac-
tivity of lycopene (44) and soy isoflavones (62) in patients
with prostate cancer, we conducted a Phase II prospective
randomized study to evaluate the efficacy of lycopene alone
or in combination with soy isoflavones.

Methods

Patient Eligibility

Eligible patients had to have histologically proven prostate
cancer with PSA progression. Patients did not have to have
clinical evidence of metastatic disease to be eligible. All pa-
tients had to be off any other therapy for prostate cancer,
except for the patients who were already on luteinizing hor-
mone releasing hormone analogue were required to continue
taking it. Patients had to demonstrate a rising trend with
3 successive elevations at a minimum interval of 2 wk or
at least 2 PSA values at least 2 wk apart with a minimum
PSA of 10 ng/ml. Patients had to be off flutamide and any
other hormones including steroids for at least 4 wk and off
bicalutamide for at least 6 wk. A minimum of 4 wk since
prior radiation therapy or chemotherapy was required. Pa-
tients taking other supplements, such as soy, vitamin E, ly-
copene or selenium, were not eligible to participate. Patients
were allowed to take a single standard dose multivitamin
daily, if they wished. Patients had to have a life expectancy
of more than 12 wk and a performance status of 0 to 3 by
Southwest Oncology Group criteria (63). There were no eli-
gibility restrictions based on organ function. All patients had
to sign an informed consent form in accordance with Wayne
State University Human Investigations Committee. Based
on prior therapy, patients were stratified into 2 groups: 1)
PSA progression without administration of hormone therapy
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(hormone sensitive relapse) and 2) progression on prior
hormone therapy (gonadotropin-releasing hormone agonist).
There were no patients with previous chemotherapy.

Treatment Plan

The protocol therapy consisted of either lycopene (Lyc-o-
mato R©) at a dose of 15 mg orally twice daily or a combina-
tion of lycopene at the same dose and isoflavone (Solgen R©)
at a dose of 40 mg orally twice daily for a maximum of 6 mo.
Lycopene (Lyc-o-mato) and soy isoflavone (Solgen) capsules
were provided by LycoRed Company, Beer-Sheva, Israel. To
verify compliance, patients were given a medication calen-
dar and were asked to check the appropriate boxes when they
take the study tablets. A pill count on returned bottles was
made and compared to the calendar. Patients taking less than
75% of the prescribed dose were to be counseled to prac-
tice stricter compliance. If on the next monthly visit there
was a similar finding, then the patient was to be taken off
protocol.

Clinical Evaluations for Toxicity and Response
Assessment

Toxicity and response were evaluated monthly. Toxicity
was graded using the National Cancer Institute Common Tox-
icity Criteria, CTC version 2.0 (64). Response was assessed
according to the PSA working group guidelines (65). If pa-
tients had metastatic disease, scans were performed every
3 mo while on study. Severe adverse effects were moni-
tored and reported according to the Wayne State University
Investigational Review Board toxicity reporting guidelines.
In addition to a history and physical examination, baseline
assessments included complete blood count with differential
count, blood chemistry profile (SMA-12), serum electrolytes,
and testosterone levels. These were repeated at the end of the
1st mo and at 3 and 6 mo. Serum PSA levels were measured
at baseline and monthly while on study. All patients were re-
quired to have baseline radiologic evaluation, including bone
scans and CT scan of the abdomen and pelvis prior to en-
rollment, for disease assessment, and these were repeated if
clinically indicated.

Complete PSA response (CR) was described as normal-
ization of PSA (<4 ng/ml except for patients with history of
radical prostatectomy in which normalization =<0.4 ng/ml)
sustained for 3 successive determinations minimum 2 wk
apart. Partial response (PR) was defined as ≥50% reduction
of PSA sustained for at least 2 successive determinations
minimum 2 wk apart. Progressive disease (PD) was defined
as 2 PSA values at least 2 wk apart with >50% increase over
the minimum PSA level observed during the study. Stable
disease (SD) was defined as PSA value changes, which do
not qualify for CR, PR, or PD (65).

Statistical Methods

Linear mixed-effects modeling was used to test the hy-
potheses that treatment with lycopene or a combination of

lycopene and soy reduces the rate of PSA rise in patients with
prostate cancer. Logarithm of PSA was used to achieve better
model fit. Analyses were stratified by prior hormone therapy
(i.e., hormone sensitive or hormone resistant disease). PSA
measurements within 1 yr prior to intervention were analyzed
as baseline levels. Only the PSA measurements within the
maximum treatment time of the 6-mo study period were an-
alyzed as postintervention data. Patients in our study had dif-
ferent numbers of repeat PSA measurements, and all patients
did not have their PSA levels measured at precise intervals.
Mixed-effects models provide a useful alternative to clas-
sical multivariate regression techniques for modeling such
data. All analyses were performed using PROC MIXED in
SAS, version 9.1 (Cary, NC).

Primary endpoint was serum PSA. Based on our previ-
ous studies (44,62), we anticipated a study population of 60
evaluable patients would provide adequate data to determine
significant effect. We entered 71 patients to accommodate a
noncompliance rate of approximately 15%.

Results

Patient Characteristics

A total of 71 patients with prostate cancer and rising PSA
were enrolled; 38 patients were randomized to the lycopene
alone arm (L), and 33 patients were treated with the combina-
tion of lycopene and isoflavone (L+I). Patient characteristics
are shown in Table 1. The median age was 75 yr, and the me-
dian PSA was 6.5 ng/ml. A total of 47 patients (66%) were
White and 21 (30%) patients were African American. A total
of 25 patients (35%) had progressed on hormone therapy,
18 patients (25%) had detectable metastatic disease, and 58
patients (75%) had PSA only disease.

Treatment Administration and Toxicities

Out of the 71 enrolled, 70 received therapy. One pa-
tient randomized to the lycopene alone arm refused therapy,

Table 1. Patients Characteristics (N = 71)a

Lycopene, n = 38 Lycopene+Isoflavone
Patient Characteristics (53.5%) n = 33 (46.5%)

Median age, yr Range 73 (57–89) 76 (50–91)
Race

White 24 (63%) 23 (70%)
African American 12 (31%) 9 (27%)
Other 2 (6%) 1 (3%)

Prior systemic therapy
Hormones 14 (36%) 11(33%)
None 24 (64%) 22 (67%)

Presence of metastases
Present 8 (21%) 10 (30%)
Absent 30(79%) 23 (70%)
Median PSA (range) 6.1 ng/ml 6.9 ng/ml

(1.1–147 ng/ml) (0.8–60.9 ng/ml)

a: Abbreviation is as follows: PSA, prostate-specific antigen.
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Figure 1. Serum prostate-specific antigen (PSA) levels of hormone-
sensitive study subjects before and after they start taking the study sup-
plements.

stating that he was unable to swallow the pills. A total of 23
patients (60%) in the L arm and 16 patients (48%) in the L+I
arm completed the planned 6 mo of therapy. The only rea-
son for discontinuing therapy was PSA progression. Median
duration of therapy was 6 mo in the L arm and 5.5 mo in
the L+I arm. No significant treatment-related toxicities were
observed. Both regimens were exceedingly well tolerated,
with only 1 patient reporting a Grade 1 headache that was
possibly related to therapy.

Response

No objective partial or complete PSA responses were
noted. However, PSA stabilization as described previously
for a minimum of 3 mo was observed in 35 (95%) of the
37 evaluable patients on L arm versus 22 (67%) of the 33
evaluable patients on L+I arm. Overall, there was a signif-
icant rise in PSA over time (P = 0.0001) for the hormone
refractory as well as the hormone sensitive patients. In both
therapeutic arms, there was a significant decline in the rate
of PSA rise from pretherapy to posttherapy (P = 0.015 in
the hormone sensitive group, and P = 0.017 in the hormone
refractory group; Figs. 1 and 2). However, for patients in
the hormone sensitive group, there was no significant differ-
ence in the decline rates between the lycopene only arm and
the combination arm. In the hormone refractory group, pa-
tients treated with lycopene only had significantly greater
decline in the PSA rate of rise from pretherapy to postther-
apy compared to patients treated with the combination of
lycopene and soy (P = 0.02).

Discussion

Lycopene and soy isoflavones are dietary compounds, and
their therapeutic application is attractive to patients with ad-
vanced prostate cancer who may not be candidates for stan-

Figure 2. Serum prostate-specific antigen (PSA) levels of hormone-
refractory study subjects before and after they start taking the study supple-
ments.

dard therapy due to advanced age, indolent disease, and/or
comorbid conditions. Furthermore, a substantial number of
patients with PSA relapse disease are reluctant to start an-
drogen deprivation therapy because of potential side effects
such as erectile dysfunction, hot flashes, and osteoporosis.
In hormone refractory patients, chemotherapy is indicated;
however, the benefit of chemotherapy is of limited duration,
and the side effects are substantial. Therefore, the idea of
using nutritional compounds to delay androgen ablation ther-
apy in androgen-dependent disease and to delay chemother-
apy in androgen-independent disease has substantial merits.
The results of our previous pilot trials showed that lycopene
and isoflavones are safe, well accepted, and well tolerated
by prostate cancer patients. In addition, they have demon-
strated preliminary evidence of antitumor effect. This study
was conducted to investigate the efficacy of lycopene alone
or in combination with soy isoflavones in patients with hor-
mone sensitive or hormone refractory prostate cancer who
have rising serum PSA. Although there were no objective
(partial or complete) PSA remissions in this study, a de-
cline in the rate of PSA rise was observed in both arms of
the study. Particularly, lycopene administration slowed the
rate of PSA progression in both hormone-sensitive and
hormone-refractory patients.

There have only been a few small previous clinical trials
with lycopene (44–46). Kucuk et al. (44) reported that the
plasma PSA level decreased by 18% in 15 patients with
prostate cancer who were given 30 mg of lycopene for 3 wk
prior to radical prostatectomy. Interestingly, in the lycopene
group, 11 of 15 patients (73%) had no involvement of surgical
margins and/or extraprostatic tissues with cancer compared
to 2 of 11 patients (18%) in the control group (P = 0.02).
Kucuk et al. (44) also noted that the expression of Cx43, in
the malignant part of the prostate glands, was higher in the
lycopene group than the control group (P = 0.13). Prostatic
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tissue lycopene levels were 47% higher in the lycopene group
compared to control group (P = 0.02).

Chen et al. (45) conducted a similar clinical trial to exam-
ine the effects of consumption of tomato sauce-based pasta
dishes in patients with prostate cancer. A total of 32 pa-
tients with localized prostate adenocarcinoma consumed a
lycopene rich diet for 3 wk (30 mg of lycopene per day)
preceding their scheduled radical prostatectomy. After the
dietary intervention, serum and prostate lycopene concen-
trations were significantly increased. Serum PSA levels de-
creased from 10.9 ng/ml [95% confidence interval (CI) =
8.7–13.2 ng/ml] to 8.7 ng/ml (95% CI = 6.8–10.6 ng/ml,
P < 0.001). Furthermore, leukocyte oxidative DNA dam-
age was significantly reduced, from 0.61 8-OHdG/105 dG to
0.48 8-OHdG/ 105 dG (P = 0.005). Prostate tissue oxidative
DNA damage was significantly lower in men who had con-
sumed the lycopene-rich diet than in the randomly selected
patients (0.76 8-OHdG/105 dG and 1.06 8-OHdG/105 dG,
respectively; P = 0.03).

Ansari and Gupta (46) compared the efficacy of lycopene
plus orchiectomy with orchiectomy alone in 54 patients with
metastatic prostatic cancer. After 6 mo of follow-up, there
was a significant reduction in PSA level in both groups
but more marked in the lycopene plus orchiectomy group
(mean = 9.1 and 26.4 ng/ml, P = 0.9). After 2 yr,
these changes were more consistent in the lycopene group
(mean = 3.01 and 9.02 ng/ml; P < 0.001). A total of 11
(40%) patients in orchiectomy and 21 (78%) patients in the
lycopene plus orchiectomy group had a complete PSA re-
sponse (P < 0.05). Bone scans showed that in the orchiec-
tomy arm, only 4 (15%) patients had a complete treatment
response, whereas in the lycopene plus orchiectomy group,
8 (30%) patients had a complete response (P < 0.02). Ad-
ditionally, there was a significant improvement in the peak
urine flow rate in the lycopene group (P < 0.04). A total of
12 (22%) patients in the orchiectomy group and 7 (13%) in
the lycopene group died of prostate cancer (P < 0.001).

Clark et al. (66) conducted a Phase I-II trial of lycopene
supplementation in 36 men with biochemically relapsed
prostate cancer after definitive local therapy. A total of 6
consecutive cohorts of 6 patients each received daily sup-
plementation with 15, 30, 45, 60, 90, and 120 mg/day for
1 yr. The primary endpoints were PSA response (defined as
a 50% decrease in serum PSA from baseline), pharmacoki-
netics, and the toxicity/tolerability of the regimen. No serum
PSA responses were observed, and 37% of the patients had
PSA progression. The plasma levels of lycopene were sim-
ilar for a wide dose range (15 to 90 mg/day) and reached a
plateau by 3 mo. This study suggested that lycopene supple-
mentation might not result in a PSA response. Future studies
may use PSA stabilization or PSA doubling time instead of
PSA-response as an endpoint.

In addition to lycopene, there has been considerable in-
terest in potential uses of soy isoflavones in patients with
prostate cancer. We previously conducted a pilot study in pa-
tients with prostate cancer who had rising serum PSA levels.
The study intervention consisted of 100 mg of soy isoflavone

taken by mouth twice daily for a minimum of 3 or maxi-
mum of 6 mo. A total of 41 patients were enrolled who had a
median PSA level of 13.3 ng/ml. Although there were no sus-
tained decreases in PSA qualifying for a complete or partial
response, stabilization of the PSA occurred in 83% of pa-
tients in hormone-sensitive and 35% of hormone-refractory
patients. There was a decrease in the rate of the rise of serum
PSA in the whole group (P = 0.01), with rates of rise de-
creasing from 14% to 6% in hormone-sensitive patients (P =
0.21) and from 31% to 9% in hormone-refractory (P = 0.05)
patients following the soy isoflavone intervention. These data
suggest that soy isoflavones may benefit some patients with
prostate cancer.

DeVere-White et al. (67) conducted a study to determine
whether a soy isoflavone extract would lower PSA levels
more than 50% in patients with prostate cancer. An open-
label pilot study was conducted for 6 mo in which the pa-
tients (n = 62) took capsules containing the genistein-rich
extract 3 times daily by mouth. The subjects were in 1 of 5
groups: after radical retropubic prostatectomy (n = 9), after
radiotherapy (n = 17), after both radical retropubic prosta-
tectomy and radiotherapy (n = 6) off-cycle during hormonal
therapy (intermittent hormones; n = 14), or active surveil-
lance (n = 16). Of the 62 men enrolled, 52 were available for
evaluation at 6 mo. Three patients discontinued because of
adverse events (diarrhea) and 7 because of personal choice.
One of 52 patients had a more than 50% reduction in the PSA
level. An additional 7 patients had PSA reductions that were
less than 50%. All 8 patients with lower PSA levels at 6 mo
were in the active surveillance (watchful waiting) treatment
subgroup. Repeated measure regression models allowing for
correlation between initial levels and change also indicated a
decline in PSA in this group compared with other groups: 0 of
52 had a complete response, 9 (17%) had a partial response, 8
(15%) had SD, and 35 (67%) had disease progression. They
concluded that soy isoflavone mixture did not appear to be
an effective treatment for prostate cancer when given alone.
However, 8 of 13 evaluated patients in the active surveillance
group had either no rise or a decline in PSA levels of less
than 50%. They suggested more study of soy isoflavones for
those choosing active surveillance.

In our studies, lycopene and soy isoflavones taken alone
have both resulted in PSA stabilization in the majority of pa-
tients. However, in this study, we did not observe an additive
effect when soy isoflavones were administered together with
lycopene. To the contrary, there was a smaller effect on the
PSA when lycopene and soy isoflavones were administered
together compared to when lycopene or soy isoflavones were
administered alone. It is unclear whether there is a negative
interaction between the 2 agents when taken together.

Many cancer patients ingest multiple dietary supplements
together, as they are generally perceived as safe, and they
may have multiple beneficial health effects. However, the re-
sults of this Phase II trial suggest that negative interactions
may occur between dietary supplements and may have an im-
pact on efficacy. In our study, administration of lycopene as
a single agent demonstrated more favorable outcome in PSA
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stabilization as compared to the use of a combination of ly-
copene and isoflavone in hormone refractory patients. Future
studies should further investigate the potential interactions
between soy isoflavones and lycopene in prostate cancer
because both compounds are found in the diet, and they
are often taken together as supplements by prostate cancer
patients.

In conclusion, the results of this Phase II randomized
trial suggest that lycopene may decelerate the rate of PSA
rise in relapsed prostate cancer. This trial also suggests that
isoflavones in combination with lycopene may not have an
additive effect. Further clinical assessment of lycopene alone
or sequentially with isoflavones in relapsed prostate can-
cer is recommended. Future studies should also investigate
the mechanism of potential negative interaction between the
2 compounds. In addition, clinical trials designed to address
clinically significant endpoints such as time to progression,
development of distant metastatic disease, or overall survival
in PSA-relapse prostate cancer should also be conducted
using lycopene as 1 of the arms. Although there was no ob-
jective PSA remission, the observed decline in the rate of
PSA rise is encouraging. The efficacy of lycopene in slow-
ing the rate of PSA progression was demonstrated in both
hormone-sensitive and hormone-refractory prostate cancer.
The limitations of our study include small sample size, the
lack of stratification for prognostic factors, and the lack of a
placebo arm. Despite the study limitations, the results pro-
vide additional rationale for future testing of lycopene in a
wide spectrum of prostate cancer patients.

Acknowledgments and Notes

We thank Brenda Dickow and Shelley Corp from the Clinical Trials
Office of Karmanos Cancer Institute for assisting in data collection and
analysis. We thank LycoRed and Solbar Companies (Beer-Sheva, Israel) for
supplying the study lycopene and soy isoflavone capsules. M. Hussain is
currently affiliated with the Department of Internal Medicine, The University
of Michigan, Ann Arbor, MI. M. Banerjee is currently affiliated with the
Department of Biostatistics, The University of Michigan, Ann Arbor, MI.
Address correspondence to Omer Kucuk, M.D., Karmanos Cancer Institute,
4100 John R, 4-HWCRC, Detroit, MI 48201. Phone: 313-576-8782. FAX:
313-576-8767. E-mail: kucuko@karmanos.org.

Submitted 20 December 2006; accepted in final form 10 April 2007.

References

1. Giovannucci E, Rimm EB, Liu Y, Stampfer MJ, and Willett WC: A
prospective study of tomato products, lycopene, and prostate cancer
risk. J Natl Cancer Inst 94, 391–398, 2002.

2. Giovannucci E: A review of epidemiologic studies of tomatoes, ly-
copene, and prostate cancer. Exp Biol Med 227, 852–859, 2002.

3. Omoni A and Aluko RE. The anti-carcinogenic and anti-atherogenic
effects of lycopene: a review. Trends Food Sci Technol 16, 344–350,
2005.

4. Conn PF, Schlach W, and Truscott TG: The singlet oxygen and
carotenoid interaction [published erratum appears in J Photochem Pho-
tobiol B 17, 89, 1993]. J Photochem Photobiol 11, 41–47, 1991.

5. DiMascio P, Kaiser S, and Sies H: Lycopene as the most efficient
biological carotenoid singlet oxygen quencher. Arch Biochem Biophys
274, 532–538, 1989.

6. Goralczyk R and Siler U: The role of lycopene in health and disease.
In Phytochemicals in Health and Disease, Fenwick R (ed). New York,
NY: Dekker, 2003, pp. 285–309.

7. Mehta PP, Bertram JS, and Loewenstein WR: The actions of retinoids
on cellular growth correlate with their actions on gap junctional com-
munication. Cell Biol 108, 1053–1065, 1989.

8. Hossain MZ, Wilkens LR, Mehta PP, Loewenstein W, and Bertram JS.
Enhancement of gap junctional communication by retinoids correlates
with their ability to inhibit neoplastic transformation. Carcinogenesis
10, 1743–1748, 1989.

9. Zhang L-X, Cooney RV, and Bertram JS: Carotenoids up-regulate con-
nexin43 gene expression independent of their pro-vitamin A or antiox-
idant properties. Cancer Res 52, 5707–5712, 1992.

10. Zhang L-X, Cooney RV, and Bertram JS: Carotenoids enhance gap
junctional communication and inhibit lipid peroxidation in C3H/10T1/2
cells: relationship to their cancer chemopreventive action. Carcinogen-
esis 12, 2109–2114, 1991.

11. Bertram JS, Pung A, Churley M, Kappock TJ 4th, Wilkins LR,
et al.: Diverse carotenoids protect against chemically induced neo-
plastic transformation. Carcinogenesis 12, 671–678, 1991.

12. Levy J, Bosin E, Feldman B, Giat Y, Miinster A, et al.: Lycopene is
a more potent inhibitor of human cancer cell proliferation than either
alpha-carotene or beta-carotene. Nutr Cancer 24, 257–266, 1995.

13. Matsushima-Nishiwaki R, Shidoji Y, Nishiwaki S, Yamada T, Moriwaki
H, et al.: Suppression by carotenoids of microcystin-induced morpho-
logical changes in mouse hepatocytes. Lipids 30, 1029–1034, 1995.

14. Hotz-Wagenblatt A and Shalloway D: Gap junctional communication
and neoplastic transformation. Crit Rev Oncog 4, 541–558, 1993.

15. Bertram JS and Bortkiewicz H: Dietary carotenoids inhibit neoplastic
transformation and modulate gene expression in mouse and human
cells. Am J Clin Nutr 62(Suppl6), 1327s–1336s, 1995.

16. Beyer EC, Paul DL, and Goodenough DA: Connexin43: a protein from
rat heart homologous to a gap junction protein from liver. J Cell Biol
105, 2621–2629, 1987.

17. Mehta PP, Bertram JS, and Loewenstein WR: Growth inhibition of
transformed cells correlates with their junctional communication with
normal cells. Cell 44, 187–196, 1986.

18. Loewenstein WR: Junctional intercellular communication and the con-
trol of growth. Biochem Biophys Acta 560, 1–65, 1979.

19. Yamasaki H: Gap junctional intercellular communication and carcino-
genesis. Carcinogenesis 11, 1051–1058, 1990.

20. Chen S-C, Pelletier DB, Peng A, and Boynton AL: Connexin43 re-
verses the phenotype of transformed cells and alters their expression of
cyclin/cyclin-dependent kinases. Mol Cancer Res 6, 681–690, 1995.

21. He Y and Campbell TC: Effects of carotenoids on aflatoxin B1-induced
mutagenesis in S. typhimurium TA 100 and TA 98. Nutr Cancer 13,
243–253, 1990.

22. Bertram JS: Cancer prevention by carotenoids. In Carotenoids in
Health: Vol. 691, LM Canfield, Krinsky NI, and Olson JA (eds.). New
York: Annals New York Academy of Science, 1993, pp. 177–191.

23. Nishino H: Cancer prevention by natural carotenoids. J Cell Biochem
27(Suppl), 86–91, 1997.

24. Bertram JS: Carotenoids and gene regulation. Nutrition Rev 57, 182–
191, 1999.

25. Amir H, Karas M, Giat J, Danilenko M, Levy R, et al.: Lycopene
and 1,25-dihydroxyvitamin D3 cooperate in the inhibition of cell cycle
progression and induction of differentiation in HL-60 leukemic cells.
Nutr Cancer 33, 105–112, 1999.

26. Park CK, Ishimi Y, Ohmura M, Yamaguchi M, and Ikegami S: Vitamin
A and carotenoids stimulate differentiation of mouse osteoblastic cells.
J Nutr Sci Vitaminol 43, 281–296, 1997.

27. Karas M, Amir H, Fishman D, Danilenko M, Segal S, et al.: Ly-
copene interferes with cell cycle progression and insulin-like growth
factor I signaling in mammary cancer cells. Nutr Cancer 36, 101–111,
2000.

6 Nutrition and Cancer 2007



28. Rajah R, Valentinis B, and Cohen P: Insulin-like growth factor (IGF)-
binding protein-3 induces apoptosis and mediates the effects of trans-
forming growth factor-beta-1 on programmed cell death through a p53-
and IGF-independent mechanism. J Biol Chem 272, 12181–12188,
1997.

29. Chan JM, Stampfer MJ, Giovanucci E, Gann PH, Ma J, et al.: Plasma
insulin-like growth factor-1 and prostate cancer risk: a prospective
study. Science 279, 563–566, 1998.

30. Giovannucci E: Insulin-like growth factor-I and binding protein-3 and
risk of cancer. Horm Res 51(Suppl3), 34–41, 1999.

31. Mantzoros CS, Tzonou A, Signorello LB, Stampfer M, Trichopoulos
D, et al.: Insulin-like growth factor-1 in relation to prostate cancer and
benign prostatic hyperplasia. Br J Cancer 76, 1115–1118, 1997.

32. Wolk A, Mantzoros CS, Andersson SO, Bergstrom R, Signorello LB,
et al.: Insulin-like growth factor-1 and prostate cancer risk: a
population-based, case-control study. J Natl Cancer Inst 90, 911–915,
1998.

33. Pollak M, Beamer W, and Zhang JC: Insulin-like growth factors and
prostate cancer. Cancer Metastasis Rev 17, 383–390, 1998–99.

34. Nickerson T, Pollak M, and Huynh H: Castration-induced apoptosis
in the rat ventral prostate is associated with increased expression of
genes encoding insulin-like growth factor binding proteins 2,3,4 and 5.
Endocrinology 139, 807–810, 1998.

35. Miyake H, Pollak M, and Gleave ME: Castration-induced up-regulation
of insulin-like growth factor binding protein-5 potentiates insulin-like
growth factor-I activity and accelerates progression to androgen inde-
pendence in prostate cancer models. Cancer Res 60, 3058–3064, 2000.

36. Rajah R, Khare A, Lee PD, and Cohen P: Insulin-like growth factor-
binding protein-3 is partially responsible for high-serum-induced apop-
tosis in PC-3 prostate cancer cells. J Endocrinol 163, 487–494, 1999.

37. Gius D, Botero A, Shah S, and Curry HA: Intracellular oxida-
tion/reduction status in the regulation of transcription factors NF-
kappaB and AP-1. Toxicol Lett 106, 93–106, 1999.

38. Riso P, Pinder A, Santangelo A, and Porrini M: Does tomato consump-
tion effectively increase the resistance of lymphocyte DNA to oxidative
damage? Am J Clin Nutr 69, 712–718, 1999.

39. Rao AV, Fleshner N, and Agarwal S: Serum and tissue lycopene and
biomarkers of oxidation in prostate cancer patients: a case-control
study. Nutr Cancer 33, 159–164, 1999.

40. Siler U, Barella L, Spitzer V, Scnorr J, Lein M, et al.: Lycopene and vita-
min E interfere with autocrine/paracrine loops in the Dunning prostate
cancer model. FASEB J 18, 1019–1021, 2004.

41. Hazai E, Bikadi Z, Zsila S, and Lockwood SF: Molecular modeling of
the non-covalent binding of the dietary tomato carotenoids lycopene
and lycophyl, and selected oxidative metabolites with 5-lipoxygenase.
Bioorg Med Chem 14, 6859–6867, 2006.

42. Jewell C and O’Brien NM: Effect of dietary supplementation with
carotenoids on xenobiotic metabolizing enzymes in the liver, lung,
kidney and small intestine of the rat. Br J Nutr 81, 235–242, 1999.

43. Chew BP and Park JS. Carotenoid action on the immune response. J
Nutr 134, 257S–261S, 2004.

44. Kucuk O, Sarkar F, Sakr W, Djuric Z, Khachik F, et al.: Phase II
randomized clinical trial of lycopene supplementation before radi-
cal prostatectomy. Cancer Epidemiol Biomarkers Prev 10, 861–868,
2001.

45. Chen L, Stazewicz-Sapuntzakis M, Duncan C, Sharifi R, Ghosh L,
et al.: Oxidative DNA damage in prostate cancer patients consuming
tomato sauce-based entrees as a whole-food intervention. J Natl Can
Inst 93, 1872–1879, 2001.

46. Ansari MS and Gupta NP: A comparison of lycopene and orchidectomy
vs orchidectomy alone in the management of advanced prostate cancer.
BJU Int 92, 375–378, 2003.

47. Giovanucci E: Epidemiological characteristics of prostate cancer. Can-
cer 75(Suppl), 1766–1777, 1995.

48. Shimizu H, Ross RK, Bernstein L, Yatani R, Henderson BE, et al.: Can-
cers of the prostate and breast among Japanese and white immigrants
in Los Angeles County. Br J Cancer 63, 963–966, 1991.

49. Mills PK, Beeson WL, Phillips RL, and Fraser GE: Cohort study of diet,
lifestyle, and prostate cancer in Adventist men. Cancer 64, 598–604,
1989.

50. Rose DP, Boyar AP, and Wynder EL: International comparison of mor-
tality rates for cancer of the breast, ovary, prostate and colon, and per
capita food consumption. Cancer 58, 2363–2371, 1986.

51. Zhou JR, Gugger ET, Tanaka T, Guo Y, Blackburn GL, et al.: Soybean
phytochemicals inhibit the growth of transplantable human prostate
carcinoma and Tumor Angiogenesis in Mice. J Nutr 129, 1628–1635,
1999.

52. Adlercreutz H: Phytoestrogens: epidemiology and a possible role in
cancer prevention. Environ Health Perspect 103(Suppl7), 103–112,
1995.

53. Knight DC and Eden JA: A review of the clinical effects of phytoestro-
gens. Obstet Gynecol 87, 897–904, 1996.

54. Wei H, Cai Q, and Rahn RO: Inhibition of UV light- and Fenton
reaction-induced oxidative DNA damage by the soybean isoflavone
genistein. Carcinogenesis 17, 73–77, 1996.

55. Giles D and Wei H: Effect of structurally related flavones/isoflavones on
hydrogen peroxide production and oxidative DNA damage in phorbol
ester-stimulated HL-60 cells. Nutr Cancer 29, 77–82, 1997.

56. Shao Z, Alpaugh M, Fontana J, and Barsky S: Genistein inhibits pro-
liferation similarly in estrogen receptor-positive and negative breast
carcinoma cell lines characterized by p21WAF1 induction, G2/M arrest
and apoptosis. J Cell Biochem 69, 44–54, 1998.

57. Fotsis T, Pepper M, Adlercreutz H, Fleischmann G, Hase T, et al.:
Genistein, a dietary-derived inhibitor of in vitro angiogenesis. Proc
Natl Acad Sci USA 90, 2690–2694, 1993.

58. Wong CK and Keung WM: Bovine adrenal 3beta-hydroxysteroid de-
hydrogenase (E.C. 1.1.1. 145)/5-ene-4-ene isomerase (E.C. 5.3.3.1):
characterization and its inhibition by isoflavones. J Steroid Biochem
Mol Biol 71, 191–202, 1999.

59. Akiyama T, Ishida J, Nakagawa S, Ogawara H, Watanabe S, et al.:
Genistein, a specific inhibitor of tyrosine-specific protein kinase. J Biol
Chem 262, 5592–5595, 1987.

60. Okura A, Arakawa H, Oka H, Yoshinari T, and Monden Y: Effect of
genistein on topoisomerase activity and on the growth of [val 12] Ha-
ras transformed NIH 3T3 cells. Biochem Biophys Res Commun 157,
183–189, 1998.

61. Davis JN, Singh B, Bhuiyan M, and Sarkar FH. Genistein-induced
upregulation of p21WAF1, downregulation of cyclin B, and induction
of apoptosis in prostate cancer cells. Nutr Cancer 32, 123–131, 1998.

62. Hussain M, Banerjee M, Sarkar FH, Djuric Z, Pollak MN, et al.: Soy
isoflavones in the treatment of prostate cancer. Nutr Cancer 47, 111–
117, 2003.

63. Southwest Oncology Group (SWOG): [Southwest Oncology Group
performance status criteria]. SWOG Web site. <www.swog.org>. Ac-
cessed online Nov. 24, 2006.

64. National Cancer Institute: NCI common toxicity criteria version 2.0].
NCI Web site. <www.cancer.gov>. Accessed online Nov. 24, 2006.

65. Bubley GJ, Carducci M, Dahut W, Dawson N, Daliani D, et al.: Eligi-
bility and response guidelines for phase II clinical trials in androgen-
independent prostate cancer: recommendations from the Prostate-
Specific Antigen Working Group. J Clin Oncol 17, 3461–3467, 1999.

66. Clark PE, Hall MC, Borden LS Jr, Miller AA, Hu JJ, et al.: Phase I-II
prospective dose escalating trial of lycopene in patients with biochemi-
cal relapse of prostate cancer after definitive local therapy. Urology 67,
1257–1261, 2006.

67. DeVere White RW, Hackman RM, Soares SE, Beckett LA, Li Y, et al.:
Effects of a genistein-rich extract on PSA levels in men with a history
of prostate cancer. Urology 63, 259–263, 2004.

Vol. 59, No. 1 7




