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Cranberry intervention in patients with prostate cancer prior to radical 
prostatectomy. Clinical, pathological and laboratory findings

Vladimir Studenta, Ales Vidlara, Jan Bouchalb,c, Jana Vrbkovac, Zdenek Kolarb,c, Milan Krala, Pavel Kosinad, Jitka Vostalovad

Background and Objectives. Recently, we described an inverse association between cranberry supplementation and 
serum prostate specific antigen (PSA) in patients with negative biopsy for prostate cancer (PCa) and chronic nonbac-
terial prostatitis. This double blind placebo controlled study evaluates the effects of cranberry consumption on PSA 
values and other markers in men with PCa before radical prostatectomy.
Methods. Prior to surgery, 64 patients with prostate cancer were randomized to a cranberry or placebo group. The 
cranberry group (n=32) received a mean 30 days of 1500 mg cranberry fruit powder. The control group (n=32) took a 
similar amount of placebo. Selected blood/urine markers as well as free and total phenolics in urine were measured at 
baseline and on the day of surgery in both groups. Prostate tissue markers were evaluated after surgery.
Results. The serum PSA significantly decreased by 22.5% in the cranberry arm (n=31, P<0.05). A trend to down-regula-
tion of urinary beta-microseminoprotein (MSMB) and serum gamma-glutamyltranspeptidase, as well as upregulation 
of IGF-1 was found after cranberry supplementation. There were no changes in prostate tissue markers or, composition 
and concentration of phenolics in urine.
Conclusions. Daily consumption of a powdered cranberry fruit lowered serum PSA in patients with prostate cancer. 
The whole fruit contains constituents that may regulate the expression of androgen-responsive genes. 

Key words: Vaccinium macrocarpon, randomized controlled trial, adenocarcinoma, PSA, cancer markers, urinary 
metabolites. 
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INTRODUCTION

Prostate cancer (PCa) is the second leading cause of 
cancer death in men in Europe1. Advanced age, race, and 
a family history of PCa are identifiable risk factors as-
sociated with PCa occurrence. Physical activity and diet, 
modifiable risk factors, have been suggested to play a role 
in the pathogenesis of PCa (ref.2). Consuming a more 
plant-based diet for cancer prevention is recommended3. 
Several components derived from edible plants may con-
tribute in reducing the risk of PCa (ref.4). Thus, food 
components (nutraceuticals) or complex plant extracts 
act as anti-oxidants, anti-inflammatory remedies, weak 
5α-reductase inhibitors or target androgen receptor (AR) 
synthesis and signalling5. Molecular mechanisms of the 
anti-cancer action of natural products were mostly stud-
ied on human androgen-dependent and/or independent 
prostate cell lines. Only a few foods/nutraceuticals have 
been tested in humans as chemoprotective agents against 
prostate cancer. Two very recent reviews of intervention 
clinical trials have been published on: silymarin/silibinin, 
broccoli sprouts/sulforaphane, pomegranate extract, to-
matoes/lycopene, grapes, green tea extract, polyphenols, 

soybean/genistein, flaxseed/lignans and α-linolenic acid, 
and fish oil/omega-3 fatty acids in men following surgery 
or radiation for PCa (ref.6,7).

Cranberry fruit contains several types of components 
which play a role in its health benefits. These include vi-
tamins C, E, K, organic and phenolic acids, saccharides, 
flavan-3-ols, flavonols, anthocyanins, anthocyanidins, 
proanthocyanidins and triterpenoids, shown to possess 
anti-bacterial, anti-viral, anti-oxidant, anti-inflammatory, 
anti-angiogenic and anti-cancer activities8,9. Most of this 
evidence, with the exception of preventing urinary tract 
infections, was derived from studies on prostate cancer 
cell lines10-13. Our recent clinical study reported that daily 
intake of 1500 mg cranberry powder for 6 months sig-
nificantly reduced total prostate-specific antigen (PSA) 
elevated from chronic non-bacterial prostatitis, and/or 
benign prostate hyperplasia14. The primary objective of 
this study was to investigate the effect of the cranberry 
fruit powder (CFP) supplementation on PSA response in 
men with PCa. The post-treatment differences between the 
cranberry and placebo group on basic physiological bio-
markers, selected blood inflammatory markers, urine and 
prostate tissue markers were secondary outcome measures.
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MATERIALS AND METHODS

Cranberry material
Cranberry fruit powder (CFP; PACRAN® EU-

SP_06104, Batch No: A333/132/A12) was supplied by 
NATUREX-DBS, USA). For structure and content of se-
lected compounds in CFP see Appendix. Capsules of two 
kinds contained: 500 mg of CFP or 500 mg of placebo 
of the following composition: low density STAR-DRI® 
1015A maltodextrin, canola oil, Red 40 Lake, sodium alu-
minium silicate and Blue 1 Lake. CFP capsules were in-
distinguishable in appearance from the placebo capsules. 
All capsules were provided in plastic boxes with safe seal 
labelled PACRAN®.

Ethics statement, study design, patients, randomization 
and treatment dose

The study was conducted at the Department of 
Urology according to the guidelines laid down in the 
Declaration of Helsinki (2008 revision). All procedures 
involving human subjects were approved by the Ethics 
Committee of the University Hospital and Faculty of 
Medicine and Dentistry, Palacky University in Olomouc, 
Czech Republic (reference number 55/12). All partici-
pants signed a letter of informed consent.

The study design was a single-center, randomized, 
placebo-controlled intervention trial consisting of two 
parallel treatment arms. The enrollment began in May 
2012 with follow-up complete in May 2013. To be eligible, 
the patient had to have a pathological diagnosis of adeno-
carcinoma of the prostate from prostate biopsy. Other 
inclusion criteria were BMI<37, normal liver function 
test, normal range of blood pressure and heart rate. The 
exclusion criteria were current antibiotic use (antibiotics 
reduce the intestinal microflora) or history of hormonal 
and radiation therapies or chemotherapy. Before study 
entry, patients medical history was taken and a physical 
examination, complete blood count and clinical chemistry 
profile.

The subjects (n=64) were randomly assigned to either 
cranberry group, a daily dose 1500 mg dry cranberry fruit 
powder (n=32) or placebo group (n=32) at least 21 days 
before surgery. The randomization plan for treatment as-
signment to patients was generated using on line software 
QuickCales (GraphPad Software Inc., USA). Suggested 
clinical dosing of cranberry fruit powder was based on 
our study in men at risk of prostate disease14. Patients 
were instructed not to consume food rich in color pig-
ment (anthocyanin-containing fruit) or soy products or to 
make other dietary or lifestyle changes during the study. 
Compliance was assessed by performing a remaining 
capsule counts at the end of the intervention when the 
patients were admitted to the hospital for surgery.

Blood and urine samples for clinical chemistry, he-
matology and urine analysis were collected on the first 
day at registration and after intervention immediately 
before surgery. The prostatectomy specimens were em-
bedded in paraffin, step-sectioned, and microscopically 
examined.

Clinical chemistry and hematology 
Basic biochemical and hematological parameters were 

determined. Total cholesterol, low density lipoprotein 
(LDL), high density lipoprotein (HDL), triacylglycerols 
(TAG), C-reactive protein (CRP), alanine aminotrans-
ferase (ALT), gamma-glutamyltranspeptidase (GGT), 
glycaemia, creatinine, blood urea nitrogen (BUN) and 
interleukin-6 (IL-6) were quantified in serum using a 
Cobas (Hitachi, Japan). Testosterone (TST) and prostate 
specific antigen (PSA) in serum was determined using an 
Architect i2000SR (Abbott, USA). Insuline-like growth 
factor-1 (IGF-1), insulin-like growth factor binding protein 
(IGFP) and free testosterone (fTST) were quantified in 
serum using a RIA kits by Cobra 5005 analyzer (Packard 
BioInstruments, USA).

Selected hematological parameters were measured.
Selected parameters for evaluation of oxidative stress 

total sulphydryl groups (TSHG), lipid peroxidation prod-
ucts such as malondialdehyde in plasma (PMDA) and 
erythrocytes (MDA), glutathione (GSH), glutathione 
peroxidase (GSHPer), glutathione reductase (GSHRed), 
superoxide dismutase (SOD) and catalase in erythro-
cytes were carried out as described by Vidlar et al.14. 
Paraoxonase 1 (PON1) activity was measured according 
to Sumegova et al.15. Plasma 8-hydroxydeoxyguanosine 
(8-OHdG) was measured by OxiSelectTM Oxidative DNA 
Damage ELISA, 8-OHdG Quantification kit. Plasma se-
lenium and zinc were determined by inductively coupled 
plasma mass spectrometry (Agilent 7700x, Agilent Japan) 
using octapole reaction cell in He mode to eliminate spec-
tral interference. The determination was performed by 
external calibration. Calibration solutions were prepared 
by diluting certified reference materials - water calibration 
solutions of Se and Zn with concentration 1.000 +/- 0.002 
mg/L (Analytika Ltd, Czech Republic). Prior to ICP-MS 
determination blood plasma samples were digested in mi-
crowave mineralizator (Meg 1200 mls, Milestone, Italy) 
with mixture of HNO3 (Analpure, Analytika Ltd, Czech 
Republic) and H2O2 (analytical grade, Analytika Ltd., 
Czech Republic).

RNA urine markers
Urine samples were collected and analyzed as de-

scribed previously16. Briefly, a portion of the first voided 
urine after an “attentive” prostate massage was used. Total 
RNA was isolated, quantified and reverse transcribed. The 
quantitative real-time PCR (qPCR) reactions were per-
formed with specific primers and probes for AMACR, 
PCA3, EZH2, MSMB, PSA and TRPM8 on LightCycler® 
480, Roche. After relative quantification (∆Ct = Ct target 
-CtPSA) inverse values of ∆Ct (-∆Ct) were used for subse-
quent statistical analysis and visualization17. As the first 
step, we evaluated the urine samples after treatment with 
placebo or cranberry. With respect to mild changes be-
tween placebo and cranberry arms, we also analyzed the 
first urine samples (before treatment) for 39 patients 
[other patient samples were not included for the follow-
ing reasons: urine samples were not collected (n=3), urine 
RNA had low concentration (n=3) or results of qRT-PCR 
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after treatment were non-evaluable because of negative or 
low expression of PSA mRNA (n=17).

Specimen collection and immunohistochemistry
The prostatectomy specimens were formalin-fixed, 

paraffin-embedded, and sectioned for routine examina-
tion by indirect immunohistochemistry. Five-micron thick 
sections with representative tumor and surrounding areas 
were stained with the following antibodies and dilutions: 
Ki-67 at 1:200 (clone MIB-1, Dako); Chromogranin A at 
1:100 (clone 5H7, Novocastra); PSMA at 1:100 (clone 
YPSMA, Abcam); AR at 1:100 (clone AR441, Dako); 
NF-ĸB p65 at 1:400 (clone F-6, Santa Cruz) and COX-
2 at 1:50 (clone M-19, Santa Cruz). Visualization was 
performed by the DakoREALTM  EnVisionTM+ Dual 
Link System-HRP and Dako Liquid DAB plus Substrate 
Chromogen System.

Statistical methods
Data were analyzed with statistical software R (http://

www.r-project.org/). Instead of absolute values, the dif-
ferences in time were used for computations with con-
tinuous parameters. Student’s two-sample t-test (between 
groups comparison of differences in time) and Student’s 
one-sample t-test (tests of location – zero differences in 

time) were used for normally distributed data (tested with 
the Shapiro-Wilk normality test), otherwise nonparamet-
ric Wilcoxon two-sample or one-sample tests were used. 
Categorical data were analyzed with Fisher’s exact rank 
tests. Graphs of empirical cumulative distribution func-
tions were used as a graphical data representation.

RESULTS

Patient recruitment is depicted in Fig. 1. We invited 
76 patients aged 45 to 75 years who were scheduled to 
undergo radical prostatectomy as their primary treatment 
and at least 21 days before surgery. Twelve patients had no 
interest to take part in a trial. There were no significant 
differences between the cranberry and placebo groups 
with regard to age, body mass index (BMI), plasma con-
centrations of zinc and selenium (Table 1). Median range 
of Gleason score was 7 (6.7) for cranberry and 7 (7.7) for 
placebo group. With regard to other factors, patients in 
the cranberry group had a statistically significant higher 
initial PSA values than those of the placebo group. Table 
2 shows preoperative (clinical) and postoperative (patho-
logical) T stage for patients in both groups. There is no 
significant difference between cranberry and placebo can-

Prostate cancer cases
ascertained for eligibility  

(n= 76)

Randomized (n=64)

12 Refusals had  no 
interest

Pacran ® 1500 mg/day
(n=32)

Placebo
(n=32)

Allocation

Completed study (n=31)
Cancelled prostatectomy (n=1)

Completed study (n=31)
Surgery date moved-up (n=1)

Follow up

Analyzed
(n=31)

Analyzed
(n=31)

Analysis

Fig. 1. CONSORT trial flow diagram.
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Table 1. Patient baseline demographics and clinical characteristics.

Parameter Unit Cranberry group (n=31) Placebo group (n=31)

Age Years 62.5/66.0/68.0 61.0/64.0/68.5
BMI kg/m2 24.8/27.8/28.7 25.8/26.9/29.1
Initial PSA ng/mL 6.2/8.8/13.6 3.7/5.4/9.3#

Zinc mg/L 0.981/1.174/1.438 1.034/1.225/1.577
Selenium ng/mL 97.1/120.1/131.0 102.7/120.1/142.7
Prostate volume mL 49.3/57.5/65.0 40.5/49.0/61.0
Gleason score n (%) n (%)

5 2 (6.45) 2 (6.45)
6 7 (22.58) 4 (12.90)
7 19 (61.29) 25 (80.65)
8 1 (3.23) 0
9 2 (6.45) 0

The values are expressed as first quartile, median and third quartile.
#Significant difference between Cranberry and Placebo groups by two-sample Wilcoxon test P<0.1 

Table 2. Histopathological preoperative and postoperative T stage.

Preoperative T stage, n Postoperative T stage, n
Cranberry group Placebo group Cranberry group Placebo group

T1a-T1c 21 T1a-T1c 22 pT2a 3 pT2a 2
T2a 2 T2a 4 pT2b 3 pT2b 2
T2b 5 T2b 2 pT2c 17 pT2c 20
T2c 3 T2c 3 pT3a 5 pT3a 4

pT3b 3 pT3b 3

Table 3. Markers of hematology.

  Cranberry group Placebo group
Parameter Unit Start Day End Day Start Day End Day
Htc 0.43/0.44/0.46 0.42/0.44/0.46**;## 0.43/0.44/0.46 0.43/0.45/0.46##

Hb g/L 145.5/151.0/155.0 142.5/149.0/156.0 143.0/150.0/156.0 145.0/149.0/157.5
PLT x10(9)/ L 187.5/232.0/257.0 184.0/207.0/249.0 189.5/223.0/266.5 190.0/233.0/258.5
RBC x10(12)/L 4.71/4.91/5.20 4.64/4.88/5.17 4.74/4.92/5.11 4.70/4.91/5.21
WBC x10(9)/L 5.54/6.40/7.25 5.32/6.20/7.03 5.90/6.49/7.62 5.80/7.42/7.85

The values are expressed as first quartile, median and third quartile.
**Significant difference between value of Start day by one-sample Wilcoxon test P<0.05 
##Significant difference between value of Cranberry and Placebo group by two-sample Wilcoxon test P<0.05 
**One-sample Wilcoxon test, P<0.05; ##Two-sample Wilcoxon test, P<0.05
Abbreviations used: Hct (hematocrit), Hb (hemoglobin), PLT (platelets), RBC (red blood cells), WBC (white blood cells).

cer staging scores before (P=0.617) or after prostatectomy 
(P=0.943). 

Hematology values were unchanged with the excep-
tion of hematocrit value but the fluctuations were within 
normal physiological limits (Table 3).

Serum PSA concentration decreased by 22.5% in the 
cranberry group, whereas the concentration increased by 
0.9% in the placebo group over the study period (Table 
4). There was also a trend towards increased IGF-1 and 
decreased GGT in the cranberry group. There were no 
significant differences in other clinical chemistry param-
eters. 

The oxidative stress markers are shown in Table 5. 
Highly statistically significant differences for the cran-
berry group were found for erythrocyte malondialdehyde 
(MDA), plasma malondialdehyde (PMDA), total thiol 

groups (TSHG), catalase and for placebo group in MDA, 
PMDA, paraoxonase 1 (PON1) and glutathione peroxi-
dase (GSHPer).

Table 6 shows selected markers for detection of 
prostate cancer in urine. A trend to down-regulation of 
beta-microseminoprotein (MSMB) after cranberry sup-
plementation was observed along with up-regulation of 
PCA3.

The results of immunohistochemical evaluation are 
shown in Table 7. There were no significant differences 
between cranberry and placebo groups.

Phenolics in the urine were analysed directly without 
enzymatic cleavage and then after further incubation with 
a mixture of deconjugation enzymes, β-glucuronidase 
and sulfatase (for details see Appendix, Table II and III). 
There was no significant difference in free or total pheno-
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Table 4. Markers of clinical chemistry.

  Cranberry group Placebo group
Parameter Unit Start Day End Day Start Day End Day
ALT μkat/L 0.37/0.43/0.49 0.39/0.44/0.55 0.35/0.45/0.49 0.37/0.45/0.53
GGT μkat/L 0.41/0.47/0.77 0.37/0.45/0.76* 0.37/0.58/0.72 0.39/0.49/0.84
Creatinine μmol/L 78.5/83.0/89.5 76.5/86.0/90.0 74.5/81.0/87.0 77.5/82.0/88.0
BUN mmol/L 4.8/5.1/5.8 4.8/5.4/5.8 4.6/5.2/5.7 4/4.9/5.6
Glucose mmol/L 5.2/5.7/6.4 5.1/5.5/6.2 5.1/5.6/6.4 5.3/5.7/6.7
TAG mmol/L 1.05/1.38/1.66 1.028/1.29/1.69 1.315/1.67/2.51 1.235/1.65/2.19
Cholesterol mmol/L 4.32/4.95/5.90 4.23/4.92/5.94 4.67/5.22/6.01 4.64/5.26/6.29
LDL mmol/L 2.25/2.69/3.82 2.24/2.84/3.78 2.55/3.01/3.66 2.46/3.07/3.81
HDL mmol/L 1.21/1.39/1.79 1.26/1.41/1.63 1.08/1.28/1.34 1.17/1.23/1.47
CRP mg/L 0.75/1.20/2.20 0.70/1.00/1.60 0.60/1.10/2.75 0.38/1.05/2.55
Il-6 ng/L 1.5/2.9/3.95 2/2.9/3.75 1.525/2.6/3.8 1.5/2.7/3.65
IGF-1 μg/L 105/137/161 113/149/174* 113/138/170 121/142/164
IGFP μg/L 2089/2590/2855 2148/2568/2853 2342/2581/2879 2337/2541/3090
TST nmol/L 11.92/15.39/21.57 11.26/15.17/17.68 11.34/14.58/18.79 11.86/14.81/17.03
fTST nmol/L 24.63/30.55/39.75 19.75/27.75/36.10 25.00/31.30/35.70 24.25/28.50/36.20*

PSA ng/mL 6.23/8.83/13.59 4.54/6.84/13.03** 3.68/5.38/9.33 3.62/5.43/9.05**

The values are expressed as first quartile, median and third quartile.
*Significant difference between value of Start day by one-sample Wilcoxon test P<0.1
**Significant difference between value of Start day by one-sample Wilcoxon test P<0.05 
*One-sample Wilcoxon test, P<0.1; **One-sample Wilcoxon test, P<0.05

 Table 5. Markers of oxidative stress in blood.

  Cranberry group Placebo group
Parameter Unit Start Day End Day Start Day End Day
MDA nmol/ga 18.51/20.67/23.62 23.66/26.72/29.71** 18.65/20.98/25.28 23.18/27.41/32.45**

GSH μmol/ga 6.97/7.85/8.92 6.93/8.01/9.03 6.97/8.04/8.58 7.01/7.84/9.07
PMDA nmol/gb 82.8/103.5/119.8 81.2/115.1/151.8** 70.9/105.0/132.7 84.3/113.6/135.9**

TSHG μmol/gb 6.50/7.24/8.12 6.99/7.69/8.56** 6.47/6.79/8.49 6.88/7.48/8.42*

PON1 μkat/L 0.83/1.50/2.00 0.79/1.31/2.14 0.75/1.23/2.29 0.70/1.43/2.43*

8-OHdG μg/L 7.57/9.03/11.20 8.55/9.87/11.95 6.90/8.74/11.02 6.66/9.19/11.18
Catalase μkat/ga 1.12/1.19/1.43 1.17/1.30/1.46** 1.07/1.32/1.49 1.11/1.39/1.47
GSX μkat/ga 1.54/2.17/2.92 1.40/1.87/2.37* 1.86/2.25/2.84 1.18/1.69/2.19**

GSR μkat/ga 0.21/0.25/0.29 0.22/0.25/0.28 0.20/0.23/0.28 0.21/0.24/0.31*

SOD U/ga 3.09/3.28/3.51 3.00/3.41/3.65 3.10/3.34/3.62 3.17/3.39/3.83

The values are expressed as first quartile, median and third quartile.
a g of hemoglobin; b g of protein
*Significant difference between value of Start day by one-sample Wilcoxon test P<0.1 
**Significant difference between value of Start day by one-sample Wilcoxon test P<0.05
*One-sample Wilcoxon test, P<0.1; **One-sample Wilcoxon test, P<0.05

lics between the groups. No anthocyanins or proanthocy-
anidins were detected in urine.

DISCUSSION

Cranberry products, fresh or dry fruit, juice, dietary 
supplements containing juice powder or powdered fruit, 
are used mainly in protection against recurrent urinary 
tract infection in women21 and improvement of lower uri-
nary parameters in men with moderate to severe LUTS 
(ref.22). Studies on the possible effects of cranberry and 
its components on prostate cancer were realized only in 
DU 145 human prostate cancer cells which are androgen 
independent. Treatment of cranberry proanthocyanidin-

enriched fraction inhibited matrix metalloproteinase-2 
and -9 (MMP) activity through the induction and/or in-
hibition of specific temporal MMP regulators10. MMP 
activity is associated with tumor cell invasion and metas-
tasis. Cranberry fruit contains a high amount of ursolic 
acid and its esters. The ability of these components to 
inhibit MMP-2 and MMP-9 was determined in DU 145 
cells11. Treatment of DU145 cells with the whole cran-
berry extract, f lavonol-enriched or proanthocyanidin-
enriched fractions induced apoptosis in cells through 
caspase-8 activation12.Treatment of whole cranberry 
extract significantly decreased the cellular viability of 
DU145 cells. It also decreased the proportion of cells 
in the G2-M phase and increased the proportion in the 
G1 phase of the cell cycle. These alterations in cell cycle 
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were associated with changes in cell cycle regulatory pro-
teins13.

Findings from the above in vitro studies suggest that 
whole cranberry extract or at least 3 key types/catego-
ries of components, flavonols, proanthocyanidins or tri-
terpenoids, are associated with biological alteration of 
cell targets and may be protective for PCa. The effects of 
cranberry on PCa in humans, to the best our knowledge, 
have not yet been reported. In this study, we evaluated, in 
a randomized, double-blind, placebo control trial (RCT) 
the effects of CFP on blood, urine and prostate tissue 
markers in PCa patients. The daily dose 1500 mg CFP 
was given to men with PCa for at least 21 days (mean, 
SD were 31 ± 9 days in the cranberry group and 35 ± 8 
days in placebo group) before radical prostatectomy. The 
intervention was well-tolerated. On the day of surgery, 
there was a marked decrease of 22.5% in PSA level in the 
cranberry arm and a small increase of 0.9% in the placebo 
arm. This is in good concordance with our previous study 
on cranberry effects in men with non-bacterial prostati-
tis14. The down-regulation of serum PSA may be related 
a trend to down-regulation of beta-microseminoprotein 
(MSMB) which has been reported to be androgen regu-
lated18-20. Unexpectedly, there was enhanced expression of 
PCA3 in the cranberry arm. The trend to downregulation 

of MSMB after cranberry supplementation is more reli-
able than upregulation of PCA3 due to larger number of 
successful test results for both time points (19 for MSMB 
and only 8 PCA3 in the cranberry arm). Interestingly, 6/9 
patients with downregulation of MSMB had also down-
regulation of serum PSA. Furthermore, Martinez-Pinero 
et al. showed that urinary PCA3 is not a reliable marker of 
cancer stage or response to androgen-deprivation therapy 
in advanced prostate cancer23. The significant increase of 
malondialdehyde levels in plasma and erythrocytes be-
tween start and end day in both groups may be evidence 
that cranberry consumption was not effective in inhibiting 
oxidative stress in PCa patients.

CONCLUSION

These data suggest that further studies to evaluate 
cranberry consumption as a prophylactic against the bio-
chemical recurrence of prostate cancer in patients after 
surgery is warranted.

Acknowledgments: Financial support from the 
Institutional Support of Palacky University in Olomouc, 
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Table 6. RNA urine markers.

  Cranberry group Placebo group
Parameter Units Start Day End Day Start Day End Day
RNA ng/mL 8.23/17.46/37.23 5.16/10.55/15.22* 7.37/17.19/42.52 7.48/13.70/33.25
Ct PSA dCt 32.30/34.21/35.61 30.79/34.17/35.85 31.41/34.02/35.83 32.70/34.66/36.97
AMACR -dCt -4.21/-1.90/-0.79 -4.25/-2.61/-0.87 -3.47/-2.19/-0.60 -3.45/-2.35/-1.12
PCA3 -dCt -5.41/-4.44/-3.34 -4.26/-3.30/-2.71** -5.27/-3.08/-2.68 -3.87/-3.26/-2.58
TRPM8 -dCt -4.58/-3.98/-3.59 -4.31/-4.03/-3.03 -4.92/-4.41/-3.69 -5.09/-4.56/-4.33
MSMB -dCt -0.55/0.29/0.70 -0.72/-0.18/0.76*;# -0.56/-0.27/0.51 -0.74/-0.13/0.53#

EZH2 -dCt -2.16/0.81/1.93 -1.73/-0.20/1.13 -1.40/0.04/2.19 -2.52/0.46/1.92

The values are expressed as first quartile, median and third quartile.
*Significant difference value of Start day by one-sample Wilcoxon test P<0.1;**Significant different value of Start day by one-sample Wilcoxon 
test P<0.05
#Significant difference value of Cranberry and Placebo group by two-sample Wilcoxon test P<0.1
*One-sample Wilcoxon test, P<0.1
**One-sample Wilcoxon test, P<0.05
#Two-sample Wilcoxon test, P<0.1

Table 7. Specific markers in ex vivo prostate tissue. 

Parameter Unit Cranberry group Placebo group

Ki67 % of positivity 3.0/5.0/10.0 3.0/7.5/10.0
Chromogranin Aa % of positivity 0.0/0.0/0.5 0.0/0.0/0.0
PSMAb See legendb 1.00/2.00/3.00 1.00/2.00/2.75
ARc Histoscore 90/150/150 90/100/150
p65 NF-ĸBc Histoscore 100/150/200 150/175/200
COX-2c Histoscore 150/200/200 150/200/200

The values are expressed as first quartiles, median and third quartiles.
aPercentage of positivity above 5% was present only in two patients from Cranberry group.
bPSMA was evaluated as follows: 0, absent; 1, weak positivity in some glands; 2, medium positivity in less 
than half of glands; 3, strong positivity in more than half of glands or medium positivity in majority of glands.
c Histoscore; % of positivity multiplied by staining intensity (0, absent; 1, weak; 2, moderate; and 3, strong), 
resulting in histoscore from 0 to 300.
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