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Abstract: Urological cancers, namely prostate, bladder, kidney, testicular, and penile cancers, are
common conditions that constitute almost one-quarter of all malignant diseases in men. Urological
cancers tend to affect older individuals, and their development is influenced by modifiable metabolic,
behavioral, and environmental risk factors. Phytochemicals may have cancer-fighting properties and
protect against cancer development, slow its spread, and reduce the risk of cancer deaths in humans.
This paper aims to review the current literature in regard to the effects of carotenoids in reducing
urological cancer risk.
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1. Introduction

As the global population expands and the average life expectancy increases, cancer-
related deaths are growing higher. Thus, more efforts are being undertaken to not only
treat but prevent certain cancers [1]. Urologic oncology comprises a significant part of the
current medical and surgical practice of urologists. Urological cancers, namely prostate,
bladder, kidney, testicular, and penile cancers, are common conditions that constitute al-
most one-quarter of all malignant diseases in men. Urologic cancers tend to affect older
individuals, and their development is influenced by modifiable metabolic, behavioral and
environmental risk factors. Studies have shown that a significant number of phytochemi-
cals can have a positive impact on the function of human cells [2]. Phytochemicals may
have cancer-fighting properties and protect against cancer development, slow its spread,
and reduce the risk of deaths due to it in humans [3]. Carotenoids are biologically ac-
tive phytochemicals that are present in many plant foods. There are two main groups of
carotenoids: provitamin A, which is converted into retinol (i.e., α-carotene, β-carotene,
and β-cryptoxanthin), and nonprovitamin A, which is not (i.e., lutein, zeaxanthin, and ly-
copene) [4]. Many researchers have conducted studies to investigate the role of carotenoids
in cancer prevention. This paper was aimed at reviewing current literature in regard to
effects of carotenoids in reducing urological cancer risk.

A number of urological cancers, namely bladder cancer, prostate cancer, and kidney
cancer (BCa, PCa, and RCC, respectively), seem to be at least partly dependent on exposure
to environmental factors or dietary habits. Kidney cancer has a well-established risk
factor in obesity. It was shown that metabolic syndrome is an independent risk factor for
higher pathological grade of kidney cancer [5]. A recently published systematic review
and meta-analysis found that patients with metabolic syndrome had a 1.94-fold higher
risk of high-stage and a 1.5-fold higher risk of high-grade bladder cancer [6]. In regard to
PCa, a prospective population-based Finnish study in a multivariate analysis established
metabolic syndrome as an independent risk factor of developing PCa [7], and metabolic
syndrome is associated with occurrence of higher-grade, aggressive disease, as shown in
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the meta-analysis [8]. The three aforementioned urological cancers (BCa, PCa, RCC) are the
subject of this review.

The majority of testicular cancer cases are diagnosed between the ages of 20 and 45.
Risk factors for the development of testicular cancer are attributable to testicular dysgenesis
syndrome and encompass cryptorchidism, hypospadias, impaired spermatogenesis and
fertility, and disorders of sex development [9]. There is currently no evidence of any
association between testicular cancer and environmental exposure, including diet. This
seems to be in line with prevalent hypotheses supporting the prenatal origin of testicular
cancer. Penile cancer is and uncommon condition, with an overall incidence of about
1/100,000 in developed countries. About one-third of cases are related to HPV (types 16
and 18) infection-dependent carcinogenesis. Trials looking at the possible role of diet or
carotenoids in prevention of this rare tumor are lacking [10].

2. Prostate Cancer

PCa is a common malignancy among men worldwide. In 2018, PCa was reported as
the second most common noncutaneous cancer in men worldwide (an estimated 1.3 million
new cases) and the fifth most common cause of cancer death in men. There is wide
geographical diversity in its prevalence, with age-standardized rates (ASR) per 100,000 of
97.2 in the United States and less than 20 in Asia and developing countries [11]. The most
common pathological type of PCa is acinar adenocarcinoma, which accounts for more than
99% of all prostate tumors [12]. Family history of PCa, older age, and race are the only
undisputed risk factors for PCa development. Asian men have low PCa risk compared
with men from the Western world. However, when Japanese men moved from Japan to
California, their risk of PCa rose, approaching that of American men, which implied a
role of dietary or environmental factors, possibly including dietary carotenoid intake as
a contributing factor [13]. There have been a few proposed mechanisms through which
carotenoids may act to reduce cancer development, as shown in Figure 1.
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2.1. Experimental Studies

The inhibition of PCa cell growth has been the subject of a number of experimental
studies performed on the PCa cell cultures LNCap, DU145, and PC-3. The LNCaP cell
line comes from a lymph node metastasis of human PCa; DU145 cells are derived from a
brain metastasis of primary PCa; and the PC-3 cell line was established from a PCa bone
metastasis from a 62-year-old male Caucasian. The growth-inhibitory effect of lycopene
was compared with that of one of the main chemotherapeutic agents used to treat metastatic
PCa, docetaxel. PCa cell growth was inhibited by 19–54% with docetaxel and by 5–24%
with lycopene. A synergic effect of 78% growth reduction was also shown when combining
docetaxel with lycopene [15,16]. A dose-dependent reduction in PCa cellular growth was
shown with rising lycopene concentrations of up to 10 µM [17,18]. It may be suggested that
the efficacy of lycopene depends on its source of origin. Lycopene extracts from algae (ma-
rine Chlorella) and from tomatoes were compared at concentrations of 20 and 50 µM. PCa
cells’ viability was 10–18% lower after treatment with algae lycopene than after treatment
with tomato lycopene at the same concentration, showing the better antiproliferative and
apoptotic effect of algal lycopene [19]. Similarly, extracts from tomato paste, tomato sauce,
ketchup, and tomato extract were compared on PCa cells that were obtained and cultured
from prostates of patients submitted to radical prostatectomy. Cell growth reduction was
highest for tomato paste, and then for ketchup, tomato sauce, and extract, with reductions
in cellular growth of 54%, 51%, 47%, and 44%, respectively [20]. One must be cautious
when interpreting cell-culture-based studies because there are differences between the
concentrations of carotenoids in the body and those used in cell culture, with the latter
usually being significantly higher. Concentrations of 1 µM and 0.5 µM of lycopene reduced
cell proliferation of LNCaP cells; however, there was no effect observed at 0.25 µM [21].
Other studies have suggested that higher lycopene concentrations of around 1–1.25 µM
lycopene are necessary for the antiproliferative effect [22]. Postmortem human studies
showed that carotenoid concentrations in serum and individual organs were similar and
that there was a correlation between intake and tissue/blood levels of carotenoids. The
serum concentration of lycopene in plasma was around 740 nmol/kg, and that in prostate
tissue was around 700 nmol/kg. These physiological concentrations may be at the edge of
those that showed an antiproliferative effect in experimental studies.

Palozza et al. showed in an in vitro study on PCa cells that β-carotene acted as a
growth-inhibitory agent by inhibiting AKT phosphorylation, which led to the increased
expression of c-MYC and the activity of caspases. In the end, apoptosis was stimulated [23].

Furthermore, in another experimental animal study, Yang et al. subcutaneously
implanted androgen-independent PCa (PC-3) cells in mice. Both lycopene and β-carotene,
when supplemented to the mice, significantly inhibited tumor growth [24].

There have been few interesting studies, however, that have examined the impact of
lycopene on PCa cells’ ability to spread and metastasize. Using PC3 and DU145 PCa cell
lines, Elgass et al. showed that the adhesion of PCa cells to a basement membrane was
significantly reduced at lycopene concentrations higher than 1.15 µM. There was also a
reduction in PCa cellular motility and migration of 40% and 58% for PC3 cells and DU145
cells, respectively [25]. Some proteins known to be responsible for controlling the adhesion
and migration of PC (namely intercellular adherence molecule 1 (ICAM1) and MMP9)
were downregulated in PC-3 cell lines treated with tomato extract. These results indicate
the ability of LC to diminish PCa’s metastatic abilities to some degree. The expression of
proteins such as intracellular ICAM 1 and MMP9 was influenced by tomato extract and
downregulated in PC3 cell lines [26]. This may suggest the potential ability of lycopene to
reduce PCa spread.
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2.2. Epidemiological Studies

It has been suggested that saturated fat consumption is linked to not only PCa in-
cidence but PCa progression and mortality risk [27]. One of the key oncogenes in PCa
tumorigenesis is c-MYC. It has been shown that increased fat consumption results in ampli-
fying the MYC-dependent transcriptional cascade [28]. Blood lipids, and especially high
lipoprotein A concentrations, seem to be associated with increased PCa risk and advanced
disease [29], and lipoprotein A is known to promote inflammation. On the other hand,
high levels of chronic inflammatory markers are associated with high-risk, aggressive
PCa [30]. The well-established role of carotenoids as scavengers of reactive oxygen species
and anti-inflammatory agents might contribute to PCa risk reduction [31].

High concentrations of carotenoids were identified in some vegetables consumed as
part of a traditional Mediterranean diet [32]. There have been a few prospective cohort
studies that found no protective association between Mediterranean diet prior to diagnosis
and incidence of lethal or advanced PCa. However, an interesting observation was made
that greater adherence to Mediterranean diet after the diagnosis of nonmetastatic PCa lead
to 22% post-treatment reduction in overall mortality [33].

Hoang et al., in a case–control study with 652 participants, showed that PCa patients
consumed significantly lower levels of carotenoids than controls (p < 0.05). In comparison
with the highest versus the lowest tertile of lycopene or carrot and tomato intake, the
odds ratios for PCa were 0.46 and 0.39, respectively. These correlations were true for low-,
medium-, and high-grade PCa [34].

Antwi et al. found that higher dietary lycopene intake was associated with a decreased
risk of having aggressive PCa. The odds ratio (OR) was 0.55 in the highest versus the lowest
tertile after adjustment for multiple covariates. There were three groups of PCa defined
in the study: highly aggressive PCa (Gleason sum ≥ 8 or PSA > 20 ng/mL or Gleason
sum ≥ 7 and clinical stages T3–T4), low aggressive (Gleason sum < 7 and clinical stages
T1–T2 and PSA < 10 ng/mL), and intermediate aggressive (all others). They also found
that African-Americans, but not European-Americans, with higher β-cryptoxanthin dietary
intake had 45% lower odds of aggressive PCa [4].

Because up to 80% of people develop some form of indolent PCa in their lives, it is
more important for the urological community to look for factors associated with high-
grade, clinically significant disease than to concentrate on any PCa. Cases are dominated
by low-grade Gleason 6, mostly clinically nonsignificant disease. It seems that studies that
included PCa patients diagnosed before the PSA-era with less indolent cancers reported
more pronounced associations between carotenoid intake and PCa risk.

There seems to be more consistent evidence for a modest protective role for carotenoids
against PCa progression than general incidence or initiation of the disease itself [35–37].

In general, the most robust evidence in the literature regarding the role of carotenoids
in PCa has been associated with lycopene as a potent antioxidant. There have been three
meta-analyses published in the literature on this topic, which are summarized in Table 1.

Table 1. Characteristics of meta-analyses assessing carotenoids’ effect on prostate cancer risk.

Author Number of Studies Measure Results

Chen et al., 2013 [38] 17 studies; 6 cohort, 11 NCC

Effect of:
Lycopene intake on risk of PCa
Serum lycopene on risk of PCa

Lycopene intake on risk of
advanced PCa

Serum lycopene on risk of
advanced PCa

Not significant
Not significant
Not significant
Not significant
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Table 1. Cont.

Author Number of Studies Measure Results

Wang et al., 2015 [39]

34 studies;
10 cohort
11 NCC
13 CC

Effect of:
α-carotene, β-carotene, lycopene

intake on PCa
α-carotene, β-carotene, lycopene

blood concentrations on PCa

Significant inverse association
between dietary α-carotene

intake and PCa
(RR: 0.81; CI: 0.76–0.99). No

difference for β-carotene and
lycopene intake.

Only blood levels of lycopene
were

significantly associated with
reduced PCa risk (RR: 0.81; CI:

0.69–0.96)

Rowles et al., 2017 [40]

42 studies;
19 CC

13 NCC
8 cohort

2 case-cohort

Effect of:
Lycopene intake on PCa

Lycopene circulating
concentrations on PCa

Dietary intake (RR = 0.88, CI:
0.78–0.98) and circulating

concentrations (RR = 0.88, CI:
0.79–0.98) of lycopene were
significantly associated with

reduced PCa risk

CC, case–control study; NCC, nested case–control study; CI, confidence interval; RR, relative risk.

α- and β-carotene can be found in carrots, the consumption of which is common
worldwide [41]. In a meta-analysis regarding carrot consumption and risk of PCa, the
authors found a significantly decreased risk of PCa associated with the intake of carrots [42].
They found that increasing carrot consumption by one serving per week or 10 g per day
was associated with 5% and 4% decreases in the risk of PCa, respectively. It has been shown
that BMI might be a factor associated with an increased risk of advanced PCa and a higher
risk of PCa death. Few studies controlled for this factor. However, pooled analysis of
studies included in the meta-analysis that controlled for BMI showed similar results of
significant PCa risk reduction associated with carrot consumption.

There is an issue with the accuracy with which diet records and food frequency
questionnaires can accurately estimate lycopene intake in the long run due, for example, to
significant variations of lycopene concentration in foods.

Some researchers examined the relationship between the concentration of circulating
lycopene and the risk of PCa.

Nordstrom et al. studied a group of 559 men undergoing radical prostatectomy due to
nonmetastatic PCa They examined the risk of high-risk PCa, defined as Gleason sum ≥ 8,
PSA level at diagnosis ≥ 20 ng/mL, or T-stage ≥ T3, in relation to circulating carotenoids.
They found a significant association, with OR between 0.31 and 0.55, between circulating
levels of α-carotene, β-carotene, lycopene, and total carotenoids and high-risk PCa [43].

However, in general, studies aimed at the association between carotenoid concentra-
tion in plasma and PCa risk have generated equivocal results.

Although there have been a number of studies suggesting that carotenoids may play a
protective role in PCa incidence, the overall evidence remains inconclusive.
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3. Bladder Cancer

Bladder cancer (BCa) is among the ten most common cancers around the world, with
about 430,000 cases diagnosed per year [44]. Smoking is by far the greatest risk factor
for BCa, being responsible for around 50% of cases. Current versus never smokers have
pooled relative risk (RR) of around 3.5 [45]. Occupational exposure to carcinogens has been
widely studied and accounts for around 5% of the attributable risk of BCa [46]. As many
cases of BCa are caused by exogenous chemicals, antioxidants, such as carotenoids, could
potentially play an important protective role.

3.1. Case–Control Studies

Vena et al. conducted a case–control study and showed that carotenoid consumption
was associated with decreased risk of BCa, with an OR of 0.45 for the highest versus the
lowest consumption quartile. They performed a multivariate analysis and adjusted for
multiple covariates, such as kilocalories, age, education, cigarette smoking, and total fluid
consumption [47]. The protective effect of carotenoids was also observed by Castelao et al.
in a population-based case–control study with 1592 BCa patients. BCa risk was inversely
correlated with total carotenoid consumption (p = 0.004) [48].

Brinkman et al. summarized the results of a population-based case–control study
conducted in New Hampshire, United States. No statistically significant influence of total
carotenoid consumption on BCa incidence was observed, nor for individual carotenoids,
α-carotene, b-carotene, β-cryptoxanthin, lycopene, or lutein/zeaxanthin. Within the group
of heavy smokers, >20 cigarettes a day, an inverse association of borderline statistical
significance was observed for the highest consumption of total carotenoids (OR: 0.62; 95%
CI: 0.36–1.09) [49]. Similarly, Wakai et al. did not show a protective impact of carotenoid
consumption in their case–control study, although a lower risk of BCa was observed in
heavier smokers (cumulative smoking dose < 400 versus ≥400 cigarettes per year) [50].
Shabath et al., apart from the overall protective effect of carotenoid intake, found that
compared with the reference OR of 1.0 in a group of never smokers with a high total
carotenoid intake, current smokers with a low total carotenoid intake had a significant
4.3-fold increased risk (95% CI, 1.56–12.09). The ORs were less pronounced for current
smokers with high carotenoid intake and for former smokers with low carotenoid intake
(ORs of 3.04 and 2.3, respectively) [51]. The above observations could suggest that the
protective effect of carotenoid consumption may be more pronounced in heavier smokers,
working as a sort of counterbalance against the negative impact of smoking.

In a case–control study of 856 patients with newly diagnosed urothelial cell carcinoma,
405 cases were classified as aggressive cancer. Total plasma carotenoid concentration
showed an inverse association with urothelial cell cancer risk, and β-carotene was inversely
correlated with aggressive but not with nonaggressive UCC [52].

Serum levels of lycopene and B-carotene were not different between cases and con-
trols in a nested case–control trial conducted in Washington County. The prospective
cohort consisted of 20,305 individuals who were followed for 12 years, with 35 BCa cases
diagnosed [53]. In another nested case–control study with 111 BCa patients, there were
statistically significant inverse linear trends in risk for α-carotene, β-carotene, zeaxanthin,
β-cryptoxanthin, and total carotenoids; however, these were no longer significant after
adjustment for pack-years of cigarette smoking [54]. A number of case–control studies
showed no significant impact of carotenoid consumption on BCa incidence [49,55–57].
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3.2. β-carotene Supplementation Studies

Few studies have examined β-carotene supplementation and risk of BCa.
No protective effect was found in the Alpha-Tocopherol, Beta-Carotene Cancer Pre-

vention (ATBC) interventional prospective study, in which participants (n = 29,133) were
randomly assigned to one of four groups, receiving α-tocopherol (50 mg), β-carotene
(20 mg), both agents, or a placebo, for a long-term median period of 6.1 years [58].

Roswall et al. reported the results of the Danish Diet, Cancer, and Health Study, a
prospective cohort study. They found a significant association between dietary β-carotene
intake and risk of BCa that was not observed for supplemental intake of carotene. The
subgroup analysis conducted in groups stratified by smoking status (never, former, current
smokers) revealed that the protective effect of dietary carotene intake was highest among
current smokers, with an incidence rate ratio of 0.67 [59].

Hotaling et al. reported no significant correlation between β-carotene supplementation
and BCa risk in a cohort study of 77,050 participants [60].

3.3. Cohort Studies

Recently, a large population study of prostate, lung, colorectal, and ovarian cancer
(PLCO) screening (99,650 individuals) was used to evaluate the association between dietary
tomato or lycopene consumption and BCa. Seven hundred and seventy-four cases of BCa
were observed after a median of 12.5 years of follow-up. Dietary intakes of raw tomatoes,
tomato ketchup, tomato salsa, tomato juice, and lycopene were not associated with BCa
risk [61].

Wu et al. published a large meta-analysis with 516,740 patients involved. When they
compared the highest with the lowest categories of total carotenoid intake and concentra-
tions of circulating carotenoids, a trend of protective impact was observed, although the
results were not significant with RR = 0.88 (0.76–1.03) and RR = 0.36 (0.12–1.07). Significant
heterogeneity was found among studies of total carotenoid intake and among studies of
circulating carotenoid concentrations. On dose–response analysis of individual carotenoids
(α-carotene, β-carotene, β-cryptoxanthin, zeaxanthin, and lycopene), statistically significant
inverse linear associations were present for dietary intake of β-cryptoxanthin (RR = 0.58;
95% CI: 0.36, 0.94) and circulating concentrations of α-carotene (RR = 0.24; 95% CI: 0.08, 0.67),
β-carotene (RR = 0.73; 95% CI: 0.57, 0.94), and zeaxanthin (RR = 0.44; 95% CI: 0.28,0.67) [62].
A recently conducted meta-analysis that studied the association between BCa risk and
dietary habits showed that the Mediterranean diet had a protective effect on BCa risk [63].

The main observational studies from the last two decades are summarized in Table 2.
Although multiple large epidemiological studies were positive in showing that ly-

copene could reduce the risk of PCa, there has been no consistent evidence that consumption
of lycopene or tomatoes has a similar effect in BCa. Future large prospective studies could
possibly bring more definitive conclusions on the effects of carotenoid intake on the risk
of BCa.
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Table 2. Characteristics of epidemiological studies assessing carotenoids’ effect on bladder cancer risk.

Study Study Design Location/Period Sex Cases, n Controls, n Participants, n Measure Results

Park et al., 2013
[64] Cohort United

States/1993–2007 M/F 581 — 185,885

Intake of: α-carotene;
β-carotene;
lycopene;

β-cryptoxanthin
lutein

α-carotene RR = 0.52 (CI: 0.32–0.83),
β-carotene RR = 0.55 (CI: 0.35–0.89) and
β-cryptoxanthin RR = 0.47 (CI: 0.28–0.77)
led to significantly lower risk of bladder

cancer in women

Wu et al., 2012 [65] PCC United
States/2001–2004 M/F 1087 1266 2353 Intake of: α-carotene

β-carotene
No significant difference for α-carotene or

β-carotene

Ros et al., 2012 [52] NCC 10 European
countries/1992–2005 M/F 856 856 1712

Plasma concentration of: Total
carotenoids;
α-carotene;
β-carotene;

β-cryptoxanthin;
lycopene;

zeaxanthin and
lutein

Plasma β-carotene inversely associated
with aggressive BCa (RR: 0.51;

CI: 0.30–0.88)

Brinkman et al.,
2010 [49] PCC United

States/2000–2003 M/F 322 239 561

Intake of: total carotenoids
α-carotene
β-carotene

β-cryptoxanthin
lycopene

lutein

Total intake of carotenoids inversely
related to BCa risk in older men (OR: 0.59;

CI: 0.35–0.99)

Hotaling et al.,
2011 [60] Cohort United

States/2000–2005 M/F 319 - 77,050 Supplementation: β-carotene No significant association with BCa risk

Roswall et al., 2009
[59] Cohort Denmark/1993–

2006 M/F 322 55,557
β-carotene total intake

β-carotene dietary intake
β-carotene supplementation

Significantly lower risk of BCa with
dietary

β-carotene consumption (RR: 0.82; CI:
0.69–0.98) and a borderline significantly
lower risk with β-carotene (RR: 0.85; CI:

0.73–1.00)

García-Closas
et al., 2007 [66] HCC United

States/1998–2001 M/F 912 873 1785 Intake of: total carotenoids No significant association with BCa risk

Hung et al., 2006
[67] HCC United

States/1993–1997 M/F 84 173 257

Plasma concentration of:
α-carotene
β-carotene

β-cryptoxanthin
lycopene

lutein
zeaxanthin

Significant for α-carotene (OR = 0.22; CI:
0.05–0.92) luteine (OR = 0.42; CI

0.18–1.00), zeaxanthin (OR = 0.16; CI:
0.02–1.06), lycopene (OR = 0.94; CI:

0.89–0.99), and β-cryptoxanthin
(OR = 0.90; CI: 0.81–1.00)
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Table 2. Cont.

Study Study Design Location/Period Sex Cases, n Controls, n Participants, n Measure Results

Holick et al., 2005
[68] Cohort United

States/1980–2000 F 237 88,796

α-carotene
β-carotene

β-cryptoxanthin
lutein/zeaxanthin

lycopene

No significant association with BCa risk

Castelao et al.,
2004 [48] PCC United

States/1987–1996 M/F 1592 1592 3184

Total carotenoids
α-carotene
β-carotene

β-cryptoxanthin
lutein/zeaxanthin

lycopene

BCa risk inversely associated with intake
of total carotenoids, α-carotene,

β-carotene, lutein/zeaxanthin, and
lycopene

F, female; HCC, hospital-based case–control study; M, male; NCC, nested case–control study; PCC, population-based case–control study; OR, odds ratio; CI, confidence interval.
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4. Kidney Cancer

Kidney cancer is a broad term used to describe a heterogeneous group of tumors
from a histological point of view. Kidney cancer can develop from renal parenchyma or
the renal collecting system. Renal cell carcinoma (RCC) arises from renal parenchyma
epithelial cells and accounts for approximately 90% of kidney cancer cases. RCC accounts
for around 3% of all cancers, with the highest incidence reported in Western countries [11].
The most common histological type of RCC is clear cell RCC, which represents ~80% of
RCCs. Among the other histological subtypes of kidney cancer, papillary (~10%) and
chromophobe (~5%) are the most common. Clear cell and papillary RCCs stem from the
epithelial cells of the proximal tubule. Chromophobe RCC is thought to arise from the
epithelium of the collecting tubule [69]. Well-established risk factors include smoking,
obesity, hypertension, and diabetes [70]. Carotenoids, as potent antioxidants, may influence
RCC risk.

Recently, Sahin et al. conducted a very interesting experimental study to examine the
role of a lycopene-rich diet in the development of RCC in the tuberous sclerosis 2 (TSC2)
mutant Eker rat model. Eker rats develop spontaneous renal tumors and leiomyoma,
which may be due to tuberous sclerosis 2 (TSC2) mutation resulting in the activation of
the mammalian target of the rapamycin (mTOR) pathway. Eker rats received 0, 100, or
200 mg/kg of lycopene as part of their diet. After 18 months, the mean numbers of renal
carcinomas were statistically significantly decreased in the lycopene-treated rats (p < 0.008)
when compared with the untreated controls. Tumor numbers decreased linearly as the
daily lycopene increased from 0 to 200, suggesting a role of lycopene in the prevention of
RCC [71].

Bock et al. recently published the results of the U.S. Kidney Cancer Study, which was
a population-based case–control study. Clear, significant inverse associations with RCC
risk were found for α-carotene, β-carotene, lutein, zeaxanthin, and lycopene after adjusting
for all variables [72].

In another case–control study conducted on 1138 histologically confirmed cases of
RCC, Hu et al. showed a significant reduction in RCC risk, with ORs of 0.74 and 0.77 for the
highest versus the lowest quartiles for β-carotene and lutein/zeaxanthin. This relationship
was more pronounced in women, obese, and ever smoking individuals [73]. Two other
case–control studies supported a significant protective influence of carotenoids on RCC
risk [74,75]. However, a case–control study by Bosetti et al. did not show any protective
impact of carotenoid intake and RCC risk [76].

The Women’s Health Initiative (WHI) was a prospective cohort study that included
96,196 postmenopausal women who were followed for up to 12 years.

There were 240 cases of RCC diagnosed during follow-up. Lycopene intake was
inversely correlated with RCC risk. Individuals with the highest quartile of intake had
a 39% lower risk of RCC compared with those in the lowest quartile. Interestingly, none
of the other evaluated carotenoids (dietary β-carotene, α-carotene, β-cryptoxanthin, and
lutein plus zeaxanthin) showed any significant association [77].

On the other hand, a prospective cohort study with 88,759 women and 47,828 men did
not show a significant influence of lycopene on RCC risk, although it did find significant
correlations for β-carotene, α-carotene, β-cryptoxanthin, and lutein plus zeaxanthin [78].
It was shown in the ATBC prospective study that neither lycopene nor other carotenoid
intake was correlated with RCC risk [79], and this confirmed other cohort studies that
showed null associations between carotenoids and RCC [80,81].

In 2009, Lee published a pooled cohort analysis of 13 prospective studies that included
1478 cases of RCC among 530,469 women and 244,483 men, who were followed for up to
7 to 20 years. It showed that increased vegetable and fruit consumption was associated
with a decreased risk of RCC. Among the specific carotenoids they observed, there was
an 18% lower risk of RCC when comparing the highest and lowest quintiles of β-carotene
intake. There was a similar trend for other carotenoids (α-carotene, β-cryptoxanthin, and
lutein/zeaxanthin) [82].
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Zhang et al. recently published a meta-analysis that encompassed 19 observational
studies (5 cohort and 14 case–control) with 10,215 RCC cases, summarizing current evidence
from epidemiological data on the topic of fruit and vegetables and RCC risk. Although
they did not examine carotenoid intake in their work, they found significant reductions in
RCC risk for the highest versus the lowest intake of vegetables and fruit (RR = 0.73 and
0.86 respectively) [83]. It can only be speculated that carotenoids were at least partially
responsible for the observed effect.

5. Conclusions

In summary, numerous studies have suggested that carotenoids may have a protective
role in the development of urological cancers and that a diet rich in carotenoids may
act as a chemoprevention. The most robust body of literature addresses the potential
protective benefit of carotenoids against prostate cancer. In particular, lycopene, as one of
the most effective oxygen radical-scavenging agents among the carotenoids, is thought
to decrease PCa risk. In BCa and RCC, many observational studies have confirmed the
preventive potential of carotenoids, which sounds intuitively logical, as risk factors for
urological cancers seem to have an environmental background. However, the findings
from many observational studies would require confirmation in large randomized clinical
trials of carotenoid supplementation in order to finally elucidate the problem and be able
to elaborate guidelines and recommendations. Because the existing evidence in all of the
urological cancers is not strong enough to recommend the use of carotenoids in disease
prevention, the joint statement of World Cancer Research Fund International/American
Institute for Cancer Research still advocates the consumption of fruit and vegetables for
cancer prevention and cancer survivors [11].
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